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Introduction n 

1.11 Modelling as means of problem-solving 

Inn many fields, real world phenomena are studied indirectly by means of models. In this 
context,, a model is an abstract representation of an object or a system including those 
featuress thought to be important for the intended analysis. 

Usingg models has the advantage of making knowledge explicit. Building models re-
quiress the use and manipulation of knowledge, not just observation and repetition. Formu-
lating,, testing, and repairing models stimulates the apprehension of scientific reasoning 
skills.. Moreover, being able to reflect, discuss, and exchanging models with peers and 
teacherss induces a better and deeper understanding of science (e.g. [91, 26]). This not 
onlyy improves die retention of relevant knowledge but also its application and transfer. 
Hencee modelling is becoming increasingly more important as means to learn and educate 
[17]. . 

Too date the use of mathematics has been prevalent in most modelling activities. In 
thosee cases, important features are represented numerically and the relations between 
themm are expressed by means of equations or inequalities. However, mathematical models 
havee no way of explicitly representing objects, typical situations, mechanisms of change, 
causall  explanations, conditions for things to start and to finish. As such, mathematical 
modelss do not capture explicit knowledge on how to perform an analysis or how to inter-
prett simulation results [71]. Consequently they are limited to helping to understand the 
mechanismss underlying the behaviour of a system. 

Qualitativee Reasoning, in contrast, provides means for representing and understanding 
reasoningg by use of conceptual knowledge. Its formalisms provide ontological primitives 
capablee of describing a conceptual analysis of system behaviour, including the important 
notionn of causality [35, 43]. Due this emphasis on capturing means for explaining how 
aa system behaves, qualitative models are sometimes referred to as 'articulate knowledge 
models'' [44, 19]. 

However,, the use of qualitative reasoning engines in classroom settings is difficult 
becausee user-friendly tools are not available. Building a complete model, and inspect-
ingg its simulation results, require programming skills in LISP or PROLOG. In this thesis 
wee address this problem. The goal of this research is the deployment of an easy to use 
Qualitativee Reasoning modelling workbench that provides the full potential of a quali-
tativee reasoning engine and can be used to support learning about behaviour of physical 
systems. . 
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1.22 Conceptual Modelling using Qualitative Reasoning 

Researchh on Qualitative Reasoning concerns the development of representation and rea-
soningg mechanisms that enable a computer program to reason about the behaviour of 
physicall  systems without precise quantitative information as needed by conventional anal-
ysiss techniques [117]. Two observations were the motivation for using Qualitative Rea-
soning.. Firstly, people can reason and then draw conclusions about the physical world 
withoutt using mathematical equations. Secondly, in order to understand and interpret 
quantitativee formulae and simulation results, scientists and engineers often use qualitative 
knowledge. . 

Qualitativee physics began with the investigation of de Kleer on how qualitative and 
quantitativee knowledge interacted in solving simple textbook mechanics problems [34]. 
Automaticallyy generating explanations in the context of quantitative simulation-based 
learningg environments was one of the important motivations for the research carried out 
duringg the early days (e.g. [21, 57]). In the meantime the area has grown significantly, 
withh many contributions on problem solving with incomplete information. This has made 
thee technology relevant to many real-world problems. It has proven to be cost effective, 
reliablee and efficient,, as a means of analysing the behaviour of systems for which detailed 
numericall  information is missing [18]. It has for instance been applied successfully to 
problemss in the automotive industry [90,94], to aeronautics [120], thermodynamics [46], 
andd ecology [93, 96, 97]. To date, qualitative models have mainly been developed by AI 
researcherss and knowledge engineers. 

Qualitativee models have characteristics that make them particularly suited to address 
specificc learning activities. For instance, when teaching to solve physics problems, teach-
erss emphasise the need for learners to first understand the (problem) situation. Before 
tryingg to apply equations, learners should build a conceptual model of the initial-state, 
thee end-state, and the possible transition trajectories between the two [80]. In fact, it is 
consideredd naive (beginners behaviour) if learners jump to 'applying formulae' without 
makingg a proper analysis of the problem situation (e.g. [40]). Expert problem solvers 
excell  because they spend a significant amount of time on making a conceptual model 
beforee using equations. Analysing (problem) situations is close to the idea of making an 
envisionment,, that is, a mental simulation of what happens, or may happen [35], 

Qualitativee models are also relevant in specific domains where domain experts try to 
uncoverr the causal dependencies that govern the behaviour of a system. After understand-
ingg the causal dependencies the experts may try to apply the mathematical formulae that 
aree appropriate for the system. In fact, the causal model helps them to find the appropriate 
equations.. Experts often do not even bother about the equations. Instead, developing a 
conceptuall  model is a goal in itself, that is: discovering the physical constituents of the 
system,, identifying the relevant quantities, and understanding how these interact in deter-
miningg the behaviour of the system. Qualitative models are well suited to help domain 
expertss in articulating and formalising their insights (e.g. [95]). If we think of how this 
kindd of knowledge can be communicated to (new) trainees in thee field, qualitative models 
aree again crucial. 
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1.44 Support in articulatin g knowledge 

Buildingg qualitative models is a difficult task [100] and providing users with a graph-
icall  model building workbench may not be sufficient for effective use. Moreover, the 
workbenchh that we envision will be domain independent and usable in different areas of 
sciencee teaching. It is therefore most likely that additional support is needed. However, as 
thee workbench still needs to be developed, the specific support requirements are currently 
unknown.. Determining and addressing the support requirements, to have users effectively 
usee the workbench that we envision, is therefore an integral part of the research presented 
inn this thesis. 

1.55 Research Goals 

Constructingg simulation models is a difficult and time consuming task, this is particularly 
truee for qualitative models. Tools and methods have to be developed to support the mod-
ellingg process [100]. Following from this, in this PhD research, the main objective we 
aree pursuing is to develop a model building method and a corresponding model building 
environmentt that supports users in the construction of qualitative models. The method 
specifiess how models should be built and how users can be supported during the model 
buildingg process. The model building environment is a kind of workbench that facilitates 
thee different facets of the model building process. This goal can be further specified in 
thee following research questions: 

 What are the tasks involved in qualitative model building? 

 How will the model building environment, as well as the status and results of the 
modell  building process, be visualised on the computer screen? 

 What kind of support should be provided for users while constructing a model? 

Too answer the research questions an incremental approach is taken. This approach 
consistt of two major steps. Within each step a fully operational prototype software sys-
temm plays an important role. The first prototype is largely based on a rational task analysis 
andd principles for visualisation. It should address the requirements following from that 
ass much as possible. The system is then evaluated with users, testing usability and sup-
portt needs. The second prototype should be an improvement of the first, based on the 
requirementss following from the experiment with the users. The second prototype is then 
alsoo evaluated to determine the degree in which the research goals are satisfied and what 
futuree improvements may still be needed. 

1.66 Outline of the Thesis 

Thee subsequent chapters are described briefly below. 
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1.33 Graphical Representations in Problem Solving 

Manyy researchers have emphasised the important role that graphical representations play 
inn problem solving [122,30]. Anderson [5], for instance, proposes that conceptual knowl-
edgee is based on the meaning of a representation. Diagrams, graphs, and pictures are a 
feww typical examples of graphical representations. They are used in many cognitive tasks 
suchh as problem-solving, reasoning, and decision-making [104, 11, 73, 106]. When used 
inn an educational context for learners to construct and articulate ideas such representations 
aree often referred to as external representations. 

Itt is commonly agreed between researchers that external representations help in reduc-
ingg the internal processing load needed to solve a problem. Various representations may 
holdd equivalent information but they may differ in terms of how much effort is needed in 
orderr to communicate their contents. Take for instance a diagram and a textual description 
off  the same information. It is often the case that a graphical representation is a more ef-
fectivee means of transmitting an idea than its equivalent textual representation (e.g. [70]). 
Takee for example a diagrammatic depiction of a subway route map. Many people are able 
too read subway route maps. Given the destination station it is usually easy to find a route 
thatt wil l take you there, even in large cities. The diagram shows the pattern of linkages 
explicitly;; it does not need to be remembered. Compare this to the implicit memory load 
givenn a textual description. 

Berlinn [11] proposed that graphical representations can be used for communicating a 
simplee message, or providing support in information-processing tasks. The cognitive ben-
efitt of using external representations, and in particular graphical ones (such as the subway 
mapp example), is the ability to shift internal cognitive processes and information to exter-
nall  ones, in most cases changing the nature of information-processing tasks [73, 123, 99]. 
Thiss characteristic is denominated Computational off-loading by [99]. The benefit is es-
tablishedd through Re-representation and Graphical constraining. Re-representation refers 
too the process of looking into the information from a different perspective or abstraction 
level,, thereby abstracting from information which is irrelevant for the task at hand. Graph-
icall  constraining refers to the restriction on possible interpretations of the information, and 
inn doing so guiding the viewer to a certain conclusion. Computer tools can be used advan-
tageouslyy to promote new ways of thinking by providing support to the users in externally 
representingg their ideas, test their understanding and receive feedback on it. 

InIn our research we are interested in designing such a computer tool. We want to 
developp a model building workbench that supports users in building qualitative models 
usingg a common external representation. The software environment should help users in 
expressingg their qualitative, conceptual knowledge as a means to learn to understand phe-
nomena.. Providing a common representation will enable users to discuss and reflect on 
theirr models, and by doing so construct meaning and understanding. It is well known that 
externalisingg thoughts through annotation, tracing and other methods can greatly assist in 
problem-solvingg (e.g. [30]). 
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Chapterr  2 discusses the design of tools that can support the process of building qual-
itativee models and simulations. In the first part of the chapter, we present an analysis of 
modell  ingredients that can be used in the construction of qualitative models as well as 
thee subtasks involved in this building process. The second part of the chapter is devoted 
too the design of a graphical user interface that supports the model building process. This 
involvess discussing guidelines for visualising model ingredients and subsequently apply-
ingg these guidelines to the design of specific tools, as well as taking decisions concerning 
manipulationss and basic support within these tools. 

Chapterr  3 presents an experiment carried out to evaluate the design implemented 
withinn our first system for building qualitative models (HOMER). The chapter is divided 
intoo two main areas. The first four sections deal with the experimental procedure and the 
presentationn of the implemented system. The second part, presents the experiment results 
andd their analysis. The analysis is structured around three main areas, a) validating the 
taskk analysis as presented in Chapter 2, b) assessing the tool's usability in supporting the 
modell  building process c) identifying problems and/or misconceptions users encountered 
whenn building simulation models with the tool. 

Chapterr  4 introduces an approach to support the model building process. It starts with 
aa short review of learning environments that turn out to have important similarities with 
HOMER.. These systems are analysed and compared to HOMER, particularly with respect 
too the problems encountered by the subjects while constructing their models (as described 
inn Chapter 3). This results in a set of lessons learned: a set of guidelines on how to design 
aa help system as part of an environment for supporting the entire model building process. 

Chapterr  5 brings together the ideas presented in earlier chapters on how a model build-
ingg system should be designed in order to effectively support the model building process. 
Wee present a model building tool called MOBUM that implements these ideas. Subse-
quently,, we describe and discuss the principal design decisions of MOBUM. 

Chapterr  6 documents two studies on model building environments. In the first study 
wee examine the manner in which subjects use MOBUM to solve model building tasks. 
Analysess of the subjects' (novices and experts) actions, verbal communications and in-
terviewss were conducted in order to pinpoint to what extent MOBUM is effective in sup-
portingg modelling tasks and how easy it is to use. The second study compared the use of 
MOBUMM and HOMER by novices in performing modelling tasks. The study addresses 
questionss of usability, preferences of the participants of one system over the other, the 
functionalityy of the help engine (its usefulness for successful completion of tasks) and the 
perspectivess of the participants on the use of such systems. 

Chapterr  7 summarises the results and presents the conclusions and contributions of 
thee research reported. We discuss the scope of the application of MOBUM and indicate 
avenuess for further research development. 
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Designingg a Model Building Environment 

Thiss chapter discusses the design of tools that support the process of 
buildingg qualitative models and simulations. Firstly, an analysis of 
modell  ingredients that can be used in the construction of qualitative 
modelss is presented as well as the subtasks involved in this building 
process.. Secondly, the design of a graphical user interface that supports 
thee model building process is investigated. This involves discussing 
guideliness for visualising model ingredients and subsequently applying 
thesee guidelines to the design of specific tools, as well as taking deci-
sionss concerning manipulations and basic support within these tools. 

2.11 Introduction 

Buildingg a qualitative model is a complex process during which a multitude of aspects 
havee to be managed by the model builder. The details of those aspects partly depend on 
thee qualitative reasoning engine that is used. For the research presented in this thesis the 
domainn independent simulator GARP [16] is used. The output of GARP is a behaviour 
graphh that represents the qualitative distinct states a particular system can manifest. To 
generatee such a graph GARP uses a library of model fragments and one or more scenarios, 
whichh have to be provided by the users. Figure 2.1 illustrates the situation. 

F—dbêCk F—dbêCk 

Figuree 2.1 
Buildingg a Qualitative Model of System Behaviour. 
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Thee idea behind model fragments is that each fragment represents a general concept 
relevantt to the domain that is being modelled, for instance: a population (ecology), a heat-
floww (thermodynamics), or a pressure-area (meteorology) [96]. In order to cover a certain 
domainn all the required model fragments have to be defined. Scenarios, on the other hand, 
aree structural descriptions of the particular systems to be reasoned about. Once a library 
iss in place for a certain domain the simulator can be given all kinds of scenarios from 
thatt domain to reason about. Thus, at the most general level the problem of building 
aa qualitative model is to create a set of model fragments and to specify one or more 
scenarioss for a certain domain. The output of the simulator, the behaviour graph, provides 
feedbackk to the model builder on the model construction process. The model building 
activityy is completed when for each of the specified scenarios the intended behaviour 
graphh is generated by the reasoning engine. The research goal addressed in this chapter 
concernss the design of a model building environment that supports a model builder in the 
constructionn of such a qualitative model. 

Butt exactly how will such an environment support the model builder? To unravel this 
wee assume that at the highest level it is worthwhile to at least distinguish between two 
taskss (see Figure 2.2). One task is concerned with what must be captured by the model 
andd possibly includes activities such as identifying, selecting and abstracting the relevant 
featuress from a set of systems that exist and manifest behaviour in the real-world. The 
otherr task is more concerned with how those features should be represented as a coherent 
sett of model ingredients such that the resulting model can be processed by a particular 
reasoningg engine. The latter is referred to as mapping in Figure 2.2. In short, in order to 
buildd a model, a modeller needs to have knowledge about the domain and needs to know 
howw to map this into a particular modelling formalism. 

Behaviorr Graph | Basedpn___J 

Figuree 2.2 
Buildingg a Model for Qualitative Prediction of Behaviour. 
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Althoughh the two tasks are related, they are influenced by different aspects and pro-
videe different possibilities for support. In a learning situation the what task depends on 
thee assignment given to the model builder and on the knowledge the model builder has 
off  the domain for which a model has to be constructed. Variations in these two factors 
wil ll  affect the way in which this task is performed. The mapping task, on the other hand, 
dependss much less on a specific assignment and the domain knowledge a learner has. No-
tice,, however, that in order to perform the mapping task, knowledge about the qualitative 
reasoningg formalism is necessary. This task is primarily determined by the representa-
tionaltional means the reasoning engine facilitates. As the latter refers to an implemented and 
runningg piece of software, it is safe to assume that no variations will result from using 
it.. That is, it will be the same for all users regardless of their specific assignments and 
domainn foreknowledge. In other words, the mapping task is more constrained than the 
whatwhat task and thus a better candidate for providing automated support. 

Thiss does not imply that it is easy to provide this support. On the contrary, supporting 
thee mapping is a complex problem to solve as can be illustrated by the fact that Graphical 
Userr Interfaces (GUIs) for qualitative model building environments are practically non-
existing,, even though researchers in this area have expressed the importance and necessity 
off  such tools many times [25]. Qualitative models implement a knowledge capturing ap-
proachh that is rich in terms of the number of ingredients in such models. Consequently, 
theyy are dense webs of highly interrelated ingredients [100]. This complexity makes it 
difficultt to build a GUI that supports the construction of qualitative models. As a re-
sult,, current practice comes down to 'structured programming* of a model using LISP or 
PROLOG. . 

Thiss leads to additional arguments in favour of focusing on the mapping task first. One 
concernss the fact that this task is unavoidable when building a model and that in order to 
havee it performed by learners (who are not LISP or PROLOG programmers) tools must be 
developedd that make it possible to execute this task without requiring any programming 
knowledge.. Another aspect concerns the fact that computer tools usually change the way 
inn which a task is performed [89, 61]. Applying that insight to the situation described 
heree means that executing the what task will change depending on the tools developed for 
thee mapping part. As a consequence, it does not make sense to work on supporting the 
former,, without sufficient insights concerning the latter. Even more so, because there are 
almostt no research results known with respect to how to support the building of qualitative 
modelss in the first place. 

Followingg the scoping discussed above, the task to be supported concerns the con-
structionn of a set of model ingredients1 that can be given to a simulator in order to pro-
ducee a certain simulation. The support will take the form of a GUI that facilitates a user to 
performm this task. Two requirements are important in this respect. Firstly, the GUI should 
preventt the user from making errors during the creation of the model ingredients. That 
is,, the output of the task should always be a set of model ingredients that obey the syntax 
off  the simulator. This means that the output can always be simulated by the simulator. 
Whetherr the set of model ingredients also represents a good model is a different matter. 

'Thee terms model ingredients and model are used to refer to the "input" for the simulator. A model 
consistss of a set of model ingredients. 
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Evaluatingg the semantic quality of a model largely depends on the modelling goal that 
needss to be addressed and is beyond the scope of the analysis presented in this chapter. 
Secondly,, the GUI should visualise the model ingredients as insightfully as possible in 
orderr to simplify the task for the user as much as possible. We take the position that any 
GUII  requires some learning on behalf of me user and that the understandability of any 
GUII  varies between users depending on the experience and foreknowledge they have in 
thiss respect. Therefore, instead of focusing on different users, the problem to solve con-
cernss the development of a visualisation that is optimal in terms of the characteristics of 
thee model ingredients and their interrelationships. 

Too address the goal set out for this chapter the following parts are included. Section 
2.22 presents an analysis of the mapping task as discussed above. The analysis includes 
aa description of the model ingredients that are used to construct a qualitative model as 
welll  as a detailed description of all the tasks that must be employed to create these model 
ingredients.. Next, Section 2.3 presents the conceptual design of a GUI for a model build-
ingg environment that supports the execution of these tasks. This section consists of three 
parts.. Firstly, general guidelines for visualisation are briefly discussed in Section 2.3.1. 
Secondly,, those guidelines are used to design a visual representation of the model ingre-
dientss that are described in the task analysis Section 2.3.2. Finally, Section 2.3.3 presents 
andd discusses global decisions concerning the overall interaction and navigation. 

2.22 Analysing the Model Building Process 

Thiss section presents an analysis of the model building process dealing with the con-
structionn of qualitative models. Section 2.2.2 presents the ontology used to represent 
knowledgee about qualitative reasoning. Section 2.2.3 discusses all the tasks that must be 
performedd to create these model ingredients in order to construct a qualitative model. 

2.2.11 The Scuba Diving Example 

Thiss section exploits a model for the scuba diving system in order to explain the ontology. 
Maintainingg proper buoyancy is one of the most important things about scuba diving. 

Thee buoyancy-control device (BCD) is a piece of scuba equipment that allows divers to 
adjustt the buoyancy in the water. It consists of an inflatable bag that attaches to the scuba 
tanktank and then to the diver. The diver can control the flow of air into the bag. The amount 
off  air in the BCD influences the position of the diver. Effectively, a diver "feels heavier" 
thee further he descends. By adding air to the BCD, the buoyancy can be increased in 
aa controlled manner and neutral buoyancy can be maintained, which is the goal while 
diving.. As a diver ascend, the reverse is true. One will gain buoyancy as the suit and any 
airr expand. By controlling the deflation of the BCD, neutral buoyancy is maintained. The 
flowflow of air determines the amount of air in the BCD. The complete model for the Scuba 
Divingg system can be found in Appendix A. Figure 2.3 illustrates the scuba diving. 
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Figuree 2.3 
Scubaa Diving illustration. 

2.2.22 Ontology 

Ontologyy in this thesis consists of the vocabulary that is used to represent knowledge in a 
domain.. The vocabulary consists of concepts and relations between these concepts. What 
iss produced using this vocabulary is the representation of a model of some system. Models 
aree composed of a series of model constructs, which represent fragments of the complete 
systemm model. These model constructs are assembled from a set of building blocks, which 
modell  certain aspects of the system's structure and behaviour. Together, model constructs 
andd building blocks are what we refer to as model ingredients. This section describes 
thee different types of model ingredients that can be used when qualitatively modelling a 
system.. Figure 2.4 gives an overview of these model ingredients and their relationships. 
Thee section ends with a discussion of the results produced by the simulator, i.e. the state 
graph. . 

Buildin gg Blocks: System Structure 

Modellingg the structure of a physical system in the real world implies representing the 
objectss that a certain system consists of. In GARP, three model ingredients are employed 
too describe the structure of a system: entities, structural relations between entities and 
attributesattributes of entities. 

Entitiess represent physical objects or conceptualisations which are part of the real 
worldd problem domain. Entities are organised by means of an isa hierarchy.. The 
entityy hierarchy used in the scuba diving domain is shown in Figure 2.5. 

Structurall  Relations model how the system's entities relate to each other. For in-
stance,, the following structural relations should be part of the Scuba Diving ex-
ample:: diver dives in a river, BCD contains air and BCD connected to a diver. 

Attribute ss represent static properties of entities. That is, features that usually do not 
changee as part of the systems behaviour. When modelling attributes, the set of val-
uess that an attribute may have must also be specified. In the Scuba Diving system, 
colourcolour is specified as an attribute for BCD, with possible values black and red. 
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Modell  Construct: Model Fragment ; 

Figuree 2.4 
Simulationn Model Ontology. 

Buildin gg Blocks: Behaviour 

Modellingg the behaviour of a system is about representing what makes change possible 
inn a system or, in other words, representing how a system changes over time. Model 
ingredientss such as quantities, quantity values, derivatives and dependencies are the ways 
off  representing behavioural properties. 

Quantitiess are behavioural properties of entities that may change over time. Quantities 
havee values, and possible values for a quantity are represented in a quantity space. 
Ass we are working with qualitative models a quantity space consists of a set of 
orderedd points and intervals that represent an abstraction of a quantitative range. 
Associatedd with the entities for the Scuba Diving system, the following quantities 
aree modelled. For the BCD, Flow, for the diver Position, and for air (in the BCD) 
thee quantity Amount. Moreover, surface and bottom are point values in the quantity 
spacee for the quantity Position of the diver in the river and middle is the interval 
betweenn these two point values. Additionally, quantities have a derivative. The 
derivativee represents the direction in which the quantity value changes. The magni-
tudee of the change is abstracted and only the sign of the change is captured. Thus, 
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< biologicall  entity - human - diver 
.driver r 

Physicall  object<T 
^ -- BCD 

Substance-air r 

Figuree 2.5 
IsaIsa Hierarchy of Entities Used for the Scuba Diving System. 

thee derivative can assume the values -, 0, + representing respectively decreasing, 
steadysteady and increasing quantity values. 

Causall  dependencies are essential in predicting system behaviour. They specify rela-
tionshipss between quantities. Causal dependencies represent changes on one quan-
tityy caused by another quantity. Three types of causal dependencies are defined 
withinn the ontology: Influences, Proportionalities and Correspondences. An influ-
enceence (either negative or positive) specifies that the value of a quantity Ql determines 
thee derivative of quantity Q2. For instance, in the Scuba Diving system, the Flow 
(negative/zero/positive)) in the BCD changes the derivative of the amount of air (de-
creasing,, steady, increasing) in the BCD. A proportionality can be also negative or 
positive.. A positive proportionality between Ql and Q2 implies that a change in Ql 
causess a change in Q2 in the same direction (If Ql increases, Q2 increases as well). 
Inn the case of a negative proportionality, a change in Ql causes a change in Q2 in 
thee opposite direction (If Ql increases, Q2 decreases). For example, the amount 
ofof air is related through a positive proportionality to the position of the diver on 
aa river. If only the amount of air increases (decreases), i.e. all other factors are 
invariant,, the position will increase (decrease) as well. In this case the diver will 
movee towards the surface (or go down). 

AA  Correspondence gives the means of mapping values from the quantity space of 
onee quantity onto values in the quantity space of another quantity. Correspondences 
cann be of different types. An undirected correspondence is used to express a two-
wayy relation between the quantity spaces of two quantities, meaning that for every 
qualitativee value of Ql, there is a corresponding value of Q2 and vice versa. Specif-
ically,, it denotes that if either Ql or Q2 is known the other can be derived. In a di-
rectedrected correspondence, the relation only holds in one way, which means that if Ql 
iss known, Q2 can be derived but not vice-versa. Correspondences may also exist 
betweenn specific quantity values, ass opposed to the whole quantity space. They are 
similarr to the correspondences above and are known as undirected value correspon-
dencedence and direct value correspondence. In the Scuba Diving, the value minimum of 
thee quantity Amount (of Air in the BCD) corresponds to the value bottom of quan-
tityy Position (of the diver). This is a directed correspondence because the reverse 
iss not always true, that is a BCD may still have more than minimum air while the 
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diverr is at the bottom. 

Non-causall  dependencies are the means of representing constraints on or between 
quantities.. In GARP, the non-causal dependencies are the (in)equalities2. Inequali-
tiess can be used for instance to describe how the point value of one quantity relates 
too the point value of another quantity, but also to describe specific types of depen-
denciess between two quantities which may subsequently be used in computing val-
uess of other quantities. By using inequalities we can represent a partial or complete 
orderr between the values and derivatives of different quantities. Standard inequal-
ityy relations are <, <, =, > and >. Each side of an inequality may be replaced by 
ann addition or a subtraction by using the 'plus' and 'min' operators. For example, 
dQidQi = 8Q2 + dQ3 or Q4 > Q5 = $6- In summary, the following inequalities types 
exist: : 

•• Qi *-»• Q.2' Inequalities between two quantities. 

•• Qiv <-> Q2v: Inequalities between quantity values are used to relate point 
valuess from different quantity spaces. 

•• Q <-» V: An inequality between a quantity and a value can either define a 
specificc value for the quantity (an equality) or a set of possible values (an 
inequality).. For example, taking a quantity space with the values zero, plus, 
maximum,maximum, if the value of a quantity is defined as equal to zero then the quantity 
hass that specific value. On the other hand, if the value is defined as greater-
thanthan zero, then the quantity value is either plus or maximum. 

 The same inequalities apply for derivatives. Inequalities can be defined be
tweenn two derivatives, dQi <-• dQ2, between two derivatives values, dQiv <-• 
dQdQ22v,v, and between a quantity and its derivative value, dQi  dv. 

Inn the Scuba Diving example, when a diver inflates the BCD, the Flow of air in the 
BCDD is greater-than zero. 

Modell  Constructs 

Modell constructs are the model ingredients that the simulator uses for behaviour predic
tion.. In the following the two types of model constructs are described: model fragments 
andd scenarios. 

Modell  Fragments The structural and behavioural building blocks discussed above are 
usedd to compose model fragments. Model fragments encode knowledge about 
thee behaviour of "subsystems" and thereby enable us to organise the system's be
haviourall properties into small understandable blocks. A model fragment is organ
isedd into two parts: the conditions and the consequences. Conditions consist of the 
system'ss structure (entities, attributes and structural relations) but may also include 

22 We use the term inequality throughout this thesis to refer to both inequality and equality relations. 



2.2.2.2. ANALYSING THE MODEL BUILDING PROCESS 15 5 

somee knowledge about the system's behaviour in the form of quantities, inequal-
itiess and other model fragments. Conditions must be true for the model fragment 
too hold. The consequences are the direct implications of the model fragment being 
active.. Besides the constructss allowed in the conditions, the consequences may ad-
ditionallyy include causal dependencies. Different model fragments are employed in 
thee Scuba Diving system. In the following a model fragment, 'A scuba diver in a 
river',river', is presented. The model fragment specifies the position of a diver in a river 
andd the amount of air. The amount is positively proportional to the position: if the 
amountt increases, the position will increase. The model fragments Diver and BCD 
aree conditional for this model fragment. Below, the complete model fragment for 
ScubaScuba Diver in River is presented. 

IFF a model fragment Diver applies 
andd model fragment BCD applies 
andd river River exists 
andd the relation dives-in(Diver, River) holds 
andd the relation connected-to(BCD, Diver) holds 

THENN Air has an amount Amount 
andd Diver has a position Position 
andd Amount is positively proportional to Position 

Modell  Fragments are hierarchically organised (one model fragment may be a spe-
cialisationn of another) thereby supporting inheritance. Model fragments can be of 
differentt types. At the top level of the hierarchy four basic types are used in GARP: 

•• Description view describes functional and behavioural aspects of a single en
tityy (e.g. the model fragments 'Diver' and 'BCD' conditionals in the example 
above. . 

•• Composition view is used for aggregations of entities, the Scuba Diver in 
RiverRiver example given above. 

•• Process represents interaction between entities usually triggered by an in
equality.. Our Scuba Diving does not use processes. However, a typical ex
amplee of a process is heat flow, for example, two objects of different temper
atures,, see [43]. 

•• Agent view focuses on external effects on a system. For instance, a diver's 
actionss of inflating and deflating the BCD are examples of 'agent views'. 

Scenarioss A scenario is an initial description of a system at a specific time. It defines 
thee starting point of a behaviour simulation. A scenario description consists of both 
structurall and behavioural building blocks. The system structure is represented by 
thee three types of structural model ingredients discussed above: entities, attributes 
andd structural relations. The behavioural properties refer to the initial values of 
thee system as well as to inequalities that set boundaries on the system's behaviour. 
Whilee model fragments are the representation of the generic domain knowledge, 
scenarioss describe instantiated knowledge about a specific situation. A scenario for 
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thee Scuba Diving system is illustrated in Figure 2.6. The scenario specifies that 
thee Diver is at the bottom with the air in the BCD in its lowest value. The Flow is 
positive. . 

River r 

__^-__^-—-—- Diver: Position = bottom 

BCD:: Flow = Plus 

Airr (in the BCD): Amount = minimum 

Structurall Relations: Diver dive s in the River 
BCDD contain s Air 
BCDD connecte d to Diver 

Figuree 2.6 
Examplee of a scenario of Scuba Diving. 

Behaviourr  Graph: Output of the simulator 

GARPP takes as input a scenario and generates a graph of qualitative distinct behaviours 
forr the situation described in that scenario. A state refers to a period in which all values, 
derivativess and inequalities remain the same. A state transition occurs when inequalities 
betweenn quantities change or when quantities get a different value from their quantity 
space.. Such changes are the result of influences introduced by model fragments (of type 
'process'' and 'agent'). These influences propagate via proportionalities and affect the 
derivativess of quantities. In other words, they change the quantities and this is modelled 
ass derivatives being positive or negative. In this way, the state graph shows an overview of 
thee progress of the simulation ordered in time and represents the potential behaviour of the 
system.. In Figure 2.7 all generated states are depicted given the scenario example above. 
Eachh possible path through the state transition graph represents a possible behaviour over 
time.. In state 1 the DIVER starts inflating the BCD, causing the amount of AIR to increase 
andd making the DIVER wanting to go up (position increases). The behaviour in state 1 
terminatess into state 2. In this state the DIVER is in between the bottom and the surface 
(positionn has value: middle) and the BCD is partially filled with AIR (amount has value: 
plus).. A set of possible successor states are then possible: the DIVER reaching the surface 
beforebefore the BDC is fully inflated (state 6) or reaching it at the moment the BCD is fully 
inflatedd (state 5). Alternatively the DIVER may not reach the surface, even though the 
BCDD is fully inflated (state 4), or the DIVER may stay below the surface while not having 
thee BCD fully inflated. New actions, in terms of inflating and deflating the BCD may 
causee these states to terminate into other states again. 

2.2.33 Rational Task Analysis 

Thiss section uses the task analysis technique as a means for determining the way in which 
modelss are built, thereby breaking down the model building process into its constituent 
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Figuree 2.7 
Behaviourall States for the Scuba Diving Example. 

tasks.. The focus is on rational task analysis, that is studying the subject matter and speci
fyingg the process that is presumed to be involved in doing the task [3]. 

Wee chose to use in this chapter UML activity diagrams [14] for structuring and out
liningg the task analysis. By opting for activity diagrams, the analysis is centered around 
thee information needed to accomplish a specific task and at the same time focusses on 
thee actions the user must perform as well as on the constraints imposed on these actions. 
Activityy diagrams offer a definitive answer as to the order in which the performance of a 
taskk might occur. 

Figuree 2.8 summarises UML activity diagram notations. 

CC Activity \ 
(( J Activity/Pro 

- ^^ Transitions between activities 

_|iir** Decision with alternate paths 

•• Starting point of the diagram 

(g)) The ending point 

Figuree 2.8 
UMLL Activity Diagram notation. 

Objec t t 

^^ Conditions that must be fulfilled to proceed 

Instancess of a specified object in a specified state 

. .>> Creation and modification of objects by activities 

Startt and end of a potentially parallel 
activities/processes s 

Ann action state (rounded rectangle) represents an activity or process that is performed. 
Inn our case, the activities that matter are the ones that transform or create a model in
gredientt by manipulating, restructuring or relating it to other model ingredients. The 
arrowss represent transitions between activities, modelling the flow order between the 
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variouss activities. The thick bar represent the start and end of potentially parallel pro-
cesses/activities.. An inward directed arrow represents that the action state uses the object, 
iff  the arrow is pointing towards the action state. An outward arrow represents that the ac-
tionn creates or influences the object. An Object (rectangle) in a state represents instances 
off  a specified object in a specified state, in our case model constructs and building blocks. 
Actionn states have access to the objects to generate, store or transform data. The text on 
thee arrows represent conditions that must be fulfilled to proceed along the transition. 

Mainn Tasks 

Thee final goal of model building is to arrive at a complete model that can be simulated, 
andd thus be used to predict a system's behaviour with the aid of a simulator. 

1 1 
Createe Building 
Blocks s 

) ) 

%JL %JL ff Verify \ 

<a^ ^ 

Model l 

T T 

V V 

^/^/ Add to Model \ 
{correct}} I I 

{incorrect} } 

<u< < v v 
-^ -^ 

(Modell constructs created} {noo Model Constructs) 

Createe Model 
Constructs s 

) ) 

Figuree 2.9 
Mainn Tasks. 

Inn Figure 2.9 we have decomposed the creation of a simulation model into its main 
subtasks.. The user will employ a set of Building Blocks in order to construct a model. 
S/hee will then assemble these building blocks into dedicated Model Constructs, which 
willwill  be used by the simulator as input for predicting a system's behaviour. This creation 
off  building blocks and model constructs must obey a set of rules. A verification step is 
thereforee required before considering the model to be syntactically correct. The model 
wil ll  be created only when no errors are present. The arrow connecting the model to 
thee task of creating a model construct represents the dependencies between the various 
buildingg blocks of the complete model. It states that, when creating new model constructs, 
itt may be necessary to access the previously created knowledge. 

Inn the following sections the two main tasks presented above are decomposed into 
subtaskss until such a fine-grained level is attained that permits us to fully understand all 
thee steps needed to arrive at a full qualitative model. 
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Creatingg Building Blocks 

Figuree 2.103 shows the tasks that are required for the creation of building blocks and for 
thee creation of model constructs. Looking at diagram 1, one may notice that only the task 
off  'Create Quantity' has a constraint: at least one quantity space must have been created 
beforehandd because for all quantities a quantity space must be specified. Furthermore 
forr all subtasks in the diagram a verification is necessary before considering the subtask 
completed.. Diagram 2 shows the subtasks of creating model constructs. Similar to the 
subtaskss of creating building blocks, a verification step is necessary for all subtasks. 

1.. Create Building Blocks 2.. Create Model Constructs 

1 1 
Createe Structural 
Relation n 

Buildin g g 
Blocks s 

< < 

) ( ( 
Createe Quantity 
Space e 

I I 
11 / Create Model \ / Create \ 

yy [ Fragment J I Scenario J 

// Create \ 
II Quantity J 

Verify y 

Model l 
Construct s s ^^ Verify \ 

i i 
Addd to Building 

.Blocks s > > {correct} } 
{incorrect} } i i 

Addd to Model 
Constructss f ^ 

WW I ft\rrti/*t\ 

è è 
(correct) ) 

{incorrect} } 

Figuree 2.10 
Mainn tasks in a more detailed view. 

Inn the following paragraphs we descend into one more level of detail, giving activity 
diagramss and an accompanying textual description for each of the subtasks. Notice that 
inn Figure 2.10, we have assigned number " 1" to the diagram relative to 'Create Building 
Blocks'' and number "2" to the diagram corresponding to 'Create Model Constructs'. We 
wil ll  follow the same numbering convention here. As such, the diagram for the "Create 
Entity""  task is numbered 1.1 due to the fact that it is associated with the previous diagram 
11 and it is the first task to be described. Similarly, the diagram for the "Create Model 
Fragment""  task is numbered 2.1. and so forth. 

Whenn creating an entity, diagram 1.1 in Figure 2.11, a series of distinct tasks take 
place.. As mentioned before, entities are organised into a subtype hierarchy. The user must 
thereforee always specify the entity's super type. Every entity should have a unique name 

3Wee use the term 'Figure' to refer to the full picture. The term 'diagram' is used to refer to one of the 
subfiguress in the complete Figure. For example, Figure 2.10 contains two diagrams: diagram 1 and diagram 
22 which refer to the tasks of 'Create building blocks' and 'Create model constructs', respectively. 
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ass its identifier. Also a short description stating the entity's meaning4 may be associated 
withh it. The last step consists of validating the newly created object and adding it to the 
subtypee hierarchy if all validity tests succeed. In this specific case an entity is valid if no 
otherr entity with the same identifier exists and a subtype relation is present. Thus, the 
verificationn step prevents the specification of cyclic hierarchical relations, (for instance, 
aa super type of an entity is not one of its descendants ) as well as the specification of 
identicall  subtypes. 

Diagramm 1.2, Figure 2.11, shows the tasks for creating an attribute. The user must 
givee a unique identifier and specify the values of the attribute (for instance, an attribute 
off  a container can be openness and its possible values: open and closed). In diagram 
1.3,, Figure 2.11, the task of creating a structural relation consists mainly of giving it a 
name.. Recall that structural relations are the means by which we relate two entities. At 
thiss stage, however, we are discussing the creation of the basic building blocks. Structural 
relationss only come in to play in the context of building model constructs. Only at that 
stage,, will the user define the entities involved in the structural relation just created. It is 
therefore,, that no reference is made to entities in the diagram 1.3 of Figure 2.11. 

1.11 Create Entity 1.2 Create Attribute 1.3 Create Structural Relation 

Figuree 2.11 
Creatingg an entity, attribute and structural relation. 

Diagramm 1.4, Figure 2.12, shows the creation of a quantity space. The user names the 
neww quantity space and specifies the set of values constituting the quantity space. Besides 
verifyingg the uniqueness of the given name, the verification step checks whether the given 
sequencee of values is valid. A sequence of values is valid if it follows the rule of having 
alternatingg unique points and intervals. The last task within creating building blocks, 
Diagramm 1.5, Figure 2.12, is the creation of a quantity. Besides giving it a name, the user 
hass to select a previously created quantity space for the new quantity. 

Forr example, a description of the real world "thing" that the entity refers to. 
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1.44 Create Quantity Space 
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Figuree 2.12 
Creatingg a quantity space and quantity . 

Inn summary, every building block described above must have a unique identifier and 
mayy include a short description. Also, new building blocks must always be verified before 
beingg stored. The three subtasks of giving a name, giving a description and validating the 
dataa are therefore common to all diagrams. 

Makin gg Model Constructs 

Modell  constructs are either model fragments or scenarios. This section analyses die cre-
ationn of these model constructs. Figure 2.13 includes two activity diagrams representing 
alll  subtasks that may possibly be carried out in the context of creating model fragments 
orr scenarios. As creating a scenario is a subset of the more complex task of creating a 
modell  fragment it is sufficient to describe only the latter. 

Twoo major task categories can be identified: Adding Building Blocks and Adding De-
pendencies.pendencies. The first category consists of using the previously created building blocks to 
composee model constructs. The second category includes the addition of the various types 
off  dependencies (see Section 2.2.2) which apply to model constructs. These categories 
wil ll  be described in the following paragraphs. 

Addingg Building Blocks 

Figuree 2.14, diagram 2.1.3, represents the task of adding an entity to a model fragment. 
Inn order to add an entity to a model fragment, the following subtasks are needed: 1) se-
lectionn of its generic type from the (is-a) hierarchy of entities, 2) providing a unique name 
too the entity and 3) specifying whether the entity is either a condition or a consequence 
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2.2.11 Create Model Fragment 2.22 Create Scenario 

Figuree 2.13 
Modell  Constructs creation in a more detailed view. 

withinn the present model fragment5. As in the previously described tasks of creating 
buildingg blocks, the last step consists of validating the entity and adding it to the model 
fragmentt object if all validity tests succeed. In this case, the verification consists of ver-
ifyingg whether the entity name is unique. Figure 2.14, diagram 2.1.4, shows the task of 
addingg an attribute to the model fragment. To do so, the user needs to first select an entity 
(fromm the present model fragment) to which the attribute is given. Then the user must 
specifyy the attribute's value. Recall, that when creating a new attribute, the user needs 
too specify the possible values for the new attribute. In the present context, the user must 
sett the attribute's value to one of those predefined values. E.g., when adding the attribute 
opennessopenness to the entity container, its value must be set to either open or closed. 

Whenn adding a structural relation to a model fragment the user is relating two entities. 

55 Scenarios do not have this distinction. The building blocks that can be specified in a scenario are the 
samee as for the conditions of a model fragment. 
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2.1.33 Add Entity 2.1.44 Add Attribute 

Figuree 2.14 
Addd Entity, Attribute and Relation to a Model Fragment. 

Thus,, the user's task consists of selecting these two entities, (Figure 2.14, diagram 2.1.5) 
andd applying one of the previously created relations. Here, the verification consists of 
verifyingg if this relation has already been used in combination with the present pair of 
entities.. Consider, for instance, that a structural relation contains has already been added 
too the model fragment relating the entities container A and water. Imagine now, that the 
userr wants to add a structural relation of the same type between the entities Container B 
andd gas. Since they are not the same entities, this would be a valid operation. 

Figuree 2.15, diagram 2.1.6, describes the subtask of adding a quantity to a model 
fragmentt that is similar to the ones presented above. This subtask consists mainly of 
selectingg the entity that the quantity belongs to. Naturally, the quantity must be unique to 
thatt entity. Notice that, when the quantities are created they are already assigned a unique 



244 CHAPTER 2. DESIGNING A MODEL BUILDING ENVIRONMENT 

2.12.1 A Add Quantity 2.1.5 Add Quantity Value 

II  I 

Figuree 2.15 
Addd a Quantity and Quantity Value to a Model Fragment. 

quantityy space (Figure 2.12). 

Figuree 2.15, diagram 2.1.7 illustrates the subtask of specifying a quantity's value. 
Sincee a quantity is always associated to a unique quantity space, the quantity's specific 
valuee must be chosen from the quantity space's set of possible values. Within one model 
fragmentt (or scenario) a quantity may not be attributed more than one specific value. 

Addingg Dependencies 

Twoo categories of dependencies exist: non-causal and causal dependencies. Figure 2.16 
showss the diagrams representing the three different subtasks of adding value-quantity, 
quantity-quantityy and value-value inequalities. In order to Add a value inequality, diagram 
2.1.8,, the model builder must select the quantity that the inequality applies to, then s/he 
mustt choose a specific value from within the quantity's quantity space and finally specify 
thee type of inequality. The next diagram in the figure, diagram 2.1.9, shows the task 
off  adding an inequality between two different quantities. This task consists of selecting 
thee two quantities, referred to as LHS and RHS quantity, as well as selecting the type 
off  inequality that holds between them. Figure 2.16, diagram 2.1.10, depicts the subtask 
off  adding an inequality between two quantity values. First the LHS and RHS quantities 
mustt be selected. Second, the appropriate values must be selected from the quantities' 
quantityy spaces and finally, the type of inequality must be chosen. As inequalities can 
onlyy exist between point values, in the verification step it must be checked whether the 
selectedd values are point values. 
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2.1.88 Add Value Inequality 2.1.9 Add Quantity/Quantity Inequality 

!!  I 

2.1.100 Add Value/Value Inequality 

Figuree 2.16 
Addingg Inequalities to a Model Fragment. 

Causall  Dependencies 

Whilee the non-causal dependencies described above can be used as conditions or as con-
sequencess in a model fragment, causal dependencies can only be specified as conse-
quencess in model fragments. Also causal dependencies can not be used in scenarios. 
Diagramss 2.1.11 and 2.1.13 in Figure 2.17, are almost identical, the only difference being 
thatt the first one refers to the creation of influences6, while the second is about specify-
ingg correspondences. In both cases, the model builder initially must select the influenc-
ing/correspondinging/corresponding LHS quantity and then the affected/corresponding RHS quantity. After 
that,, the model builder must select the type of influence or correspondence that holds 
betweenn the two selected quantities. Diagram 2.1.12, Figure 2.17, shows the subtask of 

6Theree are two kinds of influence: positive and negative. 
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AddingAdding a value correspondence to a model fragment. A value correspondence involves 
twoo quantity values. The steps needed to complete this task consist of the following: 1) 
Selectt the LHS and RHS quantities, 2) from their quantity spaces, select the involved 
values,, and 3) specify the type of correspondence. 

2.1.111 Add Influence 2.1.122 Add Correspondence 

Figuree 2.17 
Addingg an Influence and Correspondences to a Model Fragment. 

Summarisingg the task analysis 

Figuree 2.18 summarises the result of the task analysis. It suggests the existence of seven 
mainn modelling activities. They are the creation of entities, attributes, structural relations, 
quantityquantity spaces, quantities, scenarios and model fragments. 
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Figuree 2.18 
Modell  Building Activities. 

Noticee that, in order to perform the task of creating a quantity, at least one quantity 
spacee must have been created. This is due to the fact that a quantity must always be 
associatedd with a quantity space. Additionally, to initiate the last two tasks (creation 
off  scenarios and model fragments), the other five modelling activities must have been 
previouslyy concluded. Demanding that the generic definition of the building blocks be 
concludedd before defining the model constructs, makes the overall task more manageable 
andd consistent. Furthermore it forces the model builder to focus on the specific model 
buildingg activities. It may also happen that the same building blocks play a role in several 
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differentt model construct definitions. Thus, creating building blocks in advance will make 
thee model construct definitions more efficient by allowing the task to be carried out mainly 
byy selecting the right building blocks. 

Fromm the diagram in Figure 2.18, the question arises how a user interface can support 
thethe model builder in executing the (sub)tasks. The seven main separate modelling activ-
ities,, mentioned above, suggest that the design of a model building environment should 
includee seven workspaces, each of them supporting the execution of a single main task. 
Thesee seven dedicated windows are hereafter called builders. The design of the builder is 
furtherr discussed in the following sections. 

2.33 Designing Modelling Tools 

Howw to design a graphical interface that supports a model builder in executing the tasks as 
identifiedd in the task analysis? To answer that question, two aspects need to be addressed. 
Thee first one focuses on how to graphically organise the model ingredients on the screen. 
Thee second one focuses on the kind of manipulations a model builder can perform with 
thatt structure. Those two issues are addressed in three sections. Section 2.3.1 discusses 
visualisationn of model ingredients in general. Section 2.3.2 refines that discussion by ap-
plyingg the general principles to the specific model ingredients as defined before in Section 
2.2.2.. Finally, Section 2.3.3 focuses on the requirements for interaction and navigation. 

2.3.11 Guidelines for Visualising Model Ingredients 

Onee criterion for deciding how to visualise and organise the model ingredients on the 
screenn concerns the information that needs to be communicated to a model builder when 
placingg a particular ingredient on the screen7. A model ingredient typically has a (model-
)type)type and a (class) name that must be communicated to the model builder. The model-type 
referss to the primitives of the Qualitative Reasoning vocabulary, while the name refers to 
aa class of a specific model-type. The model builder should be able to identify and modify 
thosee on the screen, for example, the 'quantity' 'temperature', being 'model-type' and 
'class-name'' respectively. Notice that the set of model-types is fixed, because it is defined 
inn the modelling language, see Section 2.2.2 for an overview. The class-name, on the 
otherr hand, refers to a specific class of a model-type created by a model builder and 
thereforee differs depending on the modelling activities carried out by the model builder. 
Allowingg maximum freedom for the model builder requires that the latter is visualised 
onn the screen using text labels provided by the model builder. In fact, a parsimonious 
wayy to visualise an ingredient would be to only use the text label as the identifier on the 
screen,, for instance the name of the ingredient, in the example 'temperature'. But, in the 
casee of multiple ingredients of different model-types, this approach is insufficient. By just 
showingg the names it will be difficult, if not impossible, for a model builder to identity 

7Inn this text we use the words 'screen' and 'window' as synonyms. Both refer to a selected area on a 
computerr display that is designed to facilitate a specific kind of interaction with a model builder. De facto, 
basedd on the results of the task analysis seven areas, called builders, should support the construction of the 
mainn tasks. Usually a window is marked by clear boundaries. 
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thee different model-types. Therefore a second visual cue is usually needed to highlight 
thee model-type of an ingredient. This can, for instance, be achieved by colour-coding 
thee ingredient model-types. Thus, the class-names of different model-types would have 
differentt colours. Another approach would be to use a second text-label that explicitly 
statess the model-type. However, a more common approach to communicate types is to 
usee icons [29, 59]. The alternative options are shown in Figure 2.19. In summary, we 
believee that the better way to communicate the model-type and the class-name is by using 
iconss and text labels, respectively. 
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Figuree 2.19 
Alternativee approaches for visualising model-types and classes. 

However,, our situation is slightly more complex than discussed above. Some model 
ingredientss represent three aspects instead of two, namely model-type, classes, and in-
stances.. Examples of ingredient model-type are the notions such as entity and quantity. 
Thiss set of modelling ingredients is determined by the modelling language and is thus 
fixedfixed from a model building point of view. A class refers to a specific creation of those in-
gredientt model-types in the context of a domain. Examples of quantities are temperature 
andd volume in the case of physics, or size and birth-rate in the case of ecology. Finally, 
specificc occurrences of those quantities when modelling a system from such a domain are 
referredd to as instances8. Examples are the specific temperature of a certain object, or the 
sizee of a specific ant population, see also Figure 2.20. 

Becausee the model construction environment should be domain independent, icons 
cann only be used to refer to 'model-types'. As mentioned before, the set of ingredient 
model-typess is fixed. Classes and instances on the other hand are not fixed. It varies 
dependingg on the domain and system for which a model is constructed and the specific 
viewpointss taken by the model builder. Allowing maximum freedom for the model builder 
inn this respect requires visualisation on the screen using names given by the model builder. 
Anotherr aspect that would complicate an icon-based visualisation of the classes is that 
intuitivee and insightful icons may not always be available (how to visualise, for instance 

8Inn fact, we should distinguish between occurrence and instances. Occurrences refer to building blocs 
reusedd to create a model fragment, which is a construct. Instances refer to building blocks used to create 
scenarios.. Model fragments represent generic knowledge, hence the term occurrence. Occurrences become 
instantiatedd when a model fragment applies to a scenario. However, during model building, occurrences 
andd instances (as defined here) do not appear in one workspace. Therefore we can treat them in a same way, 
thatt is, distinguish them in a workspace from model-types and class-names. 
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Figuree 2.20 
Alternativee approaches for visualising model-types, classes and instances. 

aa 'volume'?). Thus, if a model ingredient represents three aspects, an icon can be used 
too communicate its model-type whereas text labels must be used to communicate the 
informationn about class and instance. 

AA second criterion that can be used to visualise and organise model ingredients on the 
screenn exploits the relationships between model ingredients. Model ingredients differ in 
termss of how they relate to each other. In Section 2.2.2 a distinction was made between 
buildingg blocks and constructs, the latter being specific organisations of sets of building 
blocks.. But also within the set of building blocks certain ingredients, such as dependen-
cies,, are meant to represent relationships between model ingredients. For the discussion 
presentedd in this chapter, the following organisations between model ingredients should 
bee pointed out: unrelated, binary and structure. Unrelated means that an ingredient has 
noo relationship with other ingredients. Binary means that there is a particular kind of 
relationshipp between two ingredients. Structure refers to the case in which a set of ingre-
dientss are related according to a particular format. Typically two extreme versions of the 
latterr exist. The simplest case, in which all the ingredients are of a single model-type and 
onlyy one relationship type is used to relate them, and the most complex case, in which 
aa variety of model ingredients of different types are connected using multiple types of 
relationships.. During a model building process the relationship between ingredients can 
change.. For instance, although in a complete model all ingredients are always related (by 
definition),, it may be the case that during the model building process they are, at least for 
aa certain period, unrelated. This may affect the way ingredients need to be visualised. 

Combiningg the two criteria presented before with the relationship issue above leads 
too a number of considerations. One concerns the situation in which all the ingredients 
inn a certain window are of the same model-type and unrelated. In this case the name of 
thee window may refer to the model-type that is shown and thus the icons highlighting the 
model-typee can be omitted. Although, formally this is correct, there might still be reasons 
forr including the icon showing the model-type. For instance, because it is consistent with 
thee overall look and feel of the interface to always show a certain model ingredient by 
meanss of its icon, model-type, and its class-name. Another approach with unrelated items 
wouldd be to present them as a list. This may be better than a graphical format because it 
takess less space and provides easier access, for instance by being able to use alphabetic 
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ordering. . 
AA second issue concerns a set of binary relationships that have a model-type but not 

aa class or an instance. Take the following expression: X > Y. On the screen it should be 
pointedd out that X and Y are quantities and that they have a certain name, for example 
volumevolume 1 and volume 2. But the '>' relation may not need any further clarification, 
besidee the ' >' icon, because it only requires a model-type. The relation does not exist 
(orr make sense) without it being connected to two other model ingredients. Therefore, 
thee relationship does not need a specific name to distinguish it from other relationships 
off  that model-type. By definition, such binary relationships are uniquely identified by 
thee ingredients they relate. The alternative can also happen: some relationships only 
requiree the model builder given name to be visualised because the model-type can be 
determinedd solely by the context. E.g. structural relations between entities are the only 
kindd of relationship that can exist between these entities. Therefore, they are unique and 
itt is sufficient to show only the model builder given name in the screen. 

AA third and related issue concerns a window in which a structure is shown that uses 
onlyy one type of relationship between the ingredients. In such a situation a simple line 
(thatt is, without any deliberate meaning attached to it) between the ingredients that have 
thee relationship may suffice. Take for example a subtype hierarchy. If the window that 
displayss the ingredients has an insightful name, then there is usually no need to explicitly 
denotee each relation between pairs of ingredients in the hierarchy as being a subtype 
relationship.. The fact that such a figure represents a hierarchy already implies that all the 
relationshipss must be subtype relations. Moreover, it is probably more insightful to not 
repeatedlyy denote the relationship, because it clutters the screen with information that can 
bee considered 'default knowledge'. 

AA fourth issue to be addressed concerns a structure with multiple relationship types 
andd the difference between 'implicit' and 'explicit' relationships. In the examples above 
thee relationships 'subtype' and '>' are explicit in the sense that they are primitives in the 
vocabularyy that is used for building models (see Section 2.2.2). However, some other re-
lationshipss between model ingredients are implicit, that is they exist but are not explicitly 
referredd to by a model primitive in the language. Assigning a 'quantity' to an 'entity' is 
ann example of such a relationship. There is no relation type in the model language that 
representss this relationship (e.g., part-of, has-attribute or belongs-to), instead the quantity 
directlyy relates to the entity. Presented visually on the screen does however require some 
representationn of the notion 'belongs-to', otherwise the model builder will not be able to 
identifyy which quantities belong to a certain entity. At least three solutions can be pointed 
out.. One would be to use some kind of 'visual container' to represent the entity, for in-
stancee a circle or a square, and to display all the quantities belonging to the entity in that 
container.. This approach is used in VisiGarp [15]. Another approach would be to view 
quantitiess as relationships between entities and values. Visually this could be represented 
byy a special kind of line, possible augmented with a specific icon, between the entity and 
thee value (for that quantity) (see also Figure 2.21). 

AA possible drawback of this approach is the representation of dependencies between 
quantitiess (or in general: other relationships relating to this model ingredient). Depen-
denciess seem too require quantities to be represented as icons, so that a dependency can be 
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Figuree 2.21 
Approachess in visualising entities, quantities and values. 

placedd as a line connecting two quantity icons (see also the discussion on binary relation-
shipss above). A third approach would be to represent the 'belongs-to' relations by means 
off  a simple line connecting the icons involved. Whether the line needs to be augmented 
withh a specific icon to denote the relationship type depends on the other relationship types 
thatt need to be visualised. In general, one relationship type can be allowed to represent a 
defaultt value if all other relationship types have a uniquely identifiable visualisation. 

Summarising,, visual presentation of model ingredients on the screen primarily de-
pendss on the information it needs to convey to the model builder. Icons are preferred 
forr the parts that are fixed and cannot change. This set is defined by the modelling lan-
guage.. Text labels are preferred for the parts that depend on the model builder. This set 
mainlyy refers to the things a model builder wants to capture (represent) in a model. Some 
modell  ingredients deliberately have the role of connecting other model ingredients. This 
connectivityy feature between ingredients further refines the visual representation needs. 
Typically,, one relationship can be represented as the default in a particular window and 
thereforee be minimally visualised, for instance by a thin line connecting the related things. 
Next,, binary relationship may not need a unique identifier, next to their type identifier, 
becausee they are by definition defined by the two things they relate. Finally, some rela-
tionshipss between model ingredients may be implicit in the modelling language, but may 
needd an explicit visual representation on the screen. 

2.3.22 Visualising Model Ingredients 

Sectionn 2.2.3 presents a detailed analysis of the task of constructing qualitative models 
andd in Section 2.3.1 the criteria for visualising model ingredients are discussed. In this 
section,, we use the results from the above-mentioned sections in order to discuss how to 
visualisee the model ingredients. In the discussion that follows, ways of implementing the 
modell  builder interface of a model building environment are presented. This is strongly 
influencedd by the activity subdivision presented in Section 2.2.3 (see also Figure 2.18) 
andd therefore, a different builder wil l be associated with each of the seven main modelling 
activities. . 
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Entities s 

Entitiess represent the objects/concepts of the real world domain. Entities are hierarchi-
callyy organised. In effect, this is a structure because all entities have a relationship with at 
leastt one other entity. But the structure includes only two model ingredient types: entities 
andd subtype relationships. For the entities the model builder provides a new class-name 
forr each subtype added to the hierarchy. The subtype relation, on the other hand, does 
nott have a model builder given name. Thus, in total three aspects must be communicated 
too the model builder: model-type (entity), name (for an class entity given by a model 
builder)) and type (is-a relation). Placing this information in a table is not a very good 
option,, although in principle possible. Mainly, because in a table it will be difficult to get 
ann easy to read overview of all the relationships in the structure. It would, for instance, 
bee difficult to quickly see whether two entities have a subtype relation, particularly when 
thee two are indirectly related via a chain of intermediate entities. 

Figuree 2.22 shows possible ways of graphically representing the entity subtype struc-
ture.. Figure 2.22a uses a minimal approach. It shows the class-names given by the model 
builderr (but not the entity model-type icon) and a connecting line to visualise the relation-
shipss between the entities. To what model ingredient type the model builder given names 
belong,, must be inferred from the name of the window (shown in the title bar). Also the 
meaningg of the connecting line must be inferred from the window title bar. But notice that 
strictlyy speaking a model builder may still not know whether the cube or the text in the 
titlee bar refers to either the model builder-given class name or the connecting subtype line. 
Thee layout in the title bar does not correspond insightfully to the layout in the window. 
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Figuree 2.22 
Hierarchyy view. 

Thee approach taken in Figure 2.22b tries to visualise all the three aspects in the win
dow,, by using icons for model-types9 and text-labels. Although this approach explicitly 
communicatess all the important aspects, it is arguably sub-optimal. For one thing, the vi
sualisationn is somewhat cluttered, which will became more problematic when the number 
off elements in the hierarchy increases. Furthermore, all the relationships in the window 
aree of only one type. It is probably better to use a default line to represent them. The same 
seemss to hold for the entity icon: all the given names refer to entity types and therefore 

'Actually,, following the guidelines discussed in Section 2.3.1 the is-a relationship identifier should also 
bee an icon. But the is-a is difficult to represent as an icon so it is done as a text label. 



34 4 CHAPTERCHAPTER 2. DESIGNING A MODEL BUILDING ENVIRONMENT 

thee entity type icon can be left out. Which would bring the situation back to Figure 2.22a. 
However,, there is a difference in the use of the subtype relationship compared to the en-
tityy type. The latter will also be used in the visualisation of model fragments and thus 
appearr in the context of many other ingredient types. In that context the model-type icons 
becomee essential and cannot be left out. This is not the case for the subtype relationship 
betweenn entities. In fact, this relationship will not be shown in any other window. In 
orderr to enhance the consistency for the whole environment it would be good to always 
showw the same information for a particular model ingredient. Following this guideline, the 
model-typee icon for the entity should be preserved whereas the is-a model-type icon can 
bee removed. This approach is shown in Figure 2.22c. The title bar shows the relationship 
typee that is represented as lines between the entities. 

Apartt from the specific visualisation chosen, the structure always remains a tree. The 
layoutt of a tree is common practice in Artificial Intelligence as in many other areas of 
Computerr Science [105]. The typical organisations are shown in Figure 2.23 and are 
generallyy well understood by model builders [109]. 
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Figuree 2.23 
Treee View. 

Attributes s 

Attributess represent the static features of entities. They hold a set of possible values. The 
informationn that must be communicated to the model builder consists of the model-type 
(attribute),, the attribute's given class-name, the model-type value and the values' given 
names.. As before, the types can be visualised by icons, whereas the model builder given 
namesnames will be text labels. However, the value model-type icon can be left out because a 
specificc value is always associated to the attribute it belongs to. It never appears by itself 
inn any other context. Thus, text labels are sufficient to show the information about the 
values. . 

Figuree 2.24a presents a version for visualising this model ingredient. It shows a line 
connectingg the attribute's name to its values. This representation is acceptable for limited 
sett of attributes but when the number of attributes increases this form of visualisation 
mayy become cluttered. It will than also be difficult to access a specific item. The second 
example,, Figure 2.24b, shows an alternative way of representing the attributes. It takes 
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advantagee of the fact that there is no relation between different attributes. And there-
fore,, applying the guidelines from Section 2.3.1, a simple one dimensional list suffices to 
compactlyy represent the model's attribute. The possible values of an attribute wil l only 
bee displayed upon request, by selecting the attribute in the list. This approach takes less 
spacee and provides easier access by allowing the data to be alphabetically organised. No-
ticee that, once this model ingredient is used in other contexts, both approaches keep the 
attributee type icon on the screen in order to maintain consistency in the whole interface. 
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Figuree 2.24 
Attributess view. 

Structura ll  Relations 

Structurall  relations are the means for relating entities. Given that structural relations 
aree the only model ingredient that can relate two entities, the model-type identifier is no 
longerr necessary. Since structural relations are unrelated with one another, they can be 
organisedd in a list (see Figure 2.25). 
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Figuree 2.25 
Structurall  Relations. 

Quantit yy Spaces 

Quantityy spaces represent an ordered set of values that a quantity may have. Quantity 
spacess have the following features that must be visualised: model-type, its unique iden-
tifierr (class-name), the value types (points and intervals), the values' given names and 
thee order between the values. As before, model-types are represented by icons and given 
namess are represented by text labels. In this case the model-type identification for values 
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iss necessary because they play a role in other contexts and therefore the model-type iden-
tificationn is essential. Characteristic icons can be used to visualise the nature of the values. 
Typically,, a point is a single value and thus can be better illustrated by a point. Intervals, 
onn the other hand, abstract from a set of quantitative values and are better represented by 
aa line. 

Differentt possibilities for visualising quantity spaces are suggested in Figure 2.26. In 
Figuree 2.26a, the quantity spaces and the complete set of values associated with them are 
displayedd simultaneously in one single area, the values being linked to the quantity space 
byy connecting lines. A problem with this approachh is that if the lines can move, the correct 
orderr of the values may get mixed up. If the lines are fixed we still have the problem of 
gettingg the screen cluttered when the number of quantity spaces increases. 
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Figuree 2.26 
Approachess in visualising Quantity Spaces. 

Inn the second and third example, quantity spaces are arranged in a two column table. 
Inn these tables, the first column features a list of available quantity spaces. In the second 
columnn the set of values pertaining to the currently selected quantity space are displayed. 
Thee difference between the second and third example is the visualisation of the set of 
values.. Should it be vertically or horizontally laid out? One may argue that displaying 
itt horizontally is more intuitive because of the mathematical metaphor. Consider, for in
stance,, having the value zero of a quantity space as the origin of the x-axis in the common 
Cartesiann frame. All values placed on the right side are, obviously, bigger than zero and 
thee ones that are placed on the left are smaller than zero. Contrarily, others may argue 
thatt presenting a quantity space vertically is more suggestive because it is more closely re
latedd to the physical world. For instance, a thermometer and a column height measure on 
containers.. Moreover, vertical layout is not incompatible with the math metaphor when 
thinkingg of on >'-axis. 

Quantityy spaces are best represented as suggested in either Figure 2.26b or 2.26c, with 
aa slight preference for 2.26b. If a certain model ingredient is unrelated to others of the 
samee type, it should be organised as a list. Additionally, by using a list the fixed order of 
thee values is maintained. 
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Quantities s 

Quantitiess are the dynamic properties of entities. Again, an icon will be used to identify 
thee model-type and a text label to display the class-name given by the model builder. 
Figuree 2.27 illustrates the visual approach. Quantities are organised in a list due to the 
factt that they do not relate to each other. It is preferable to keep the model-type icon with 
thee text label for consistency. 

Quantities s 

SI--
^ ^ 

^ ^ 

Pressure e 

Temperature e 

Volume e 

Figuree 2.27 
Quantitiess View. 

Modell  Fragments 

ModelModel Fragments model knowledge about the physical world. They contain a set of con-
ditionss that must hold for the model fragment to become active, in which case a set of 
consequencess is added to the model. Conditions and consequences are stated in terms of 
thee basic building blocks described earlier. The visualisation of a model fragment there-
foree consists of visualising all previously presented building blocks as well as the relations 
betweenn them. In fact, model fragments are structures, which means that all knowledge 
elementss contained in them are related to each other. This gives us a starting point of how 
modell  fragments should be visualised and organised. 

Thee individual model ingredients constituting a model fragment, i.e. entities, at-
tributes,, quantities and quantity spaces were all previously described. For the purpose 
off  visualising a model fragment it is relevant to note the implicit 'belongs-to' relation-
shipss between these model ingredients. Although, these implicit relations do not com-
prisee a specific model ingredient type they have to be communicated to the model builder. 
QuantitiesQuantities and attributes, being properties of one and only one entity, should be explicitly 
groupedd or connected in a similar way to the entity they belong to. Quantity spaces and 
derivatives,derivatives, on the other hand, represent features of quantities and must be linked to the 
quantitiess they belong to. Figure 2.28 shows two possible ways of visually grouping or 
connectingg this knowledge. In the first example of Figure 2.28 a visual container holds a 
seriess of slots to represent the entity's name and its features (attributes and quantities). In 
thee second example of Figure 2.28 a different approach is taken in visualising the differ-
entt knowledge components. In this case, every single model ingredient is represented by 
aa node and the 'implicit' relation belongs to is represented by a line between two nodes. 
Thee fundamental difference between the two examples is that in the first case, all knowl-
edgee pertaining to an entity is grouped and laid out in a tabular form, while in the second 



38 8 CHAPTERCHAPTER 2. DESIGNING A MODEL BUILDING ENVIRONMENT 

casee it is represented in the form of a graph. In the former case the entity and all the 
knowledgee associated to it forms a kind of 'atomic super node'. This form of layout is 
centeredd around the entity. In the latter case, all model ingredients are treated equally and 
mayy be freely organised by the model builder. 
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Figuree 2.28 
Visualisingg building blocks in a model fragment. 

Otherr knowledge types that may exist and need to be visualised in a model fragment 
aree structural relations and dependencies. These knowledge types share the common 
characteristicc of always relating two model ingredients. Structural relations are defined 
betweenn two entities, while dependencies relate quantities, values, derivatives and combi-
nationn of these. Figure 2.29 extends the examples of Figure 2.28 by including the visual 
representationn for this type of knowledge. In both cases, relationships are represented by 
arrows.. A structural relation is tagged by a text label with its name. Notice that, no icon 
representingg the (structural relation) type is used. A structural relation is the only rela-
tionshipp type that can exist between two entities and, therefore, the given name is enough 
too uniquely identify it. In the case of dependencies, a pre-defined fixed set of possible de-
pendenciess exists and therefore the arrows representing them are tagged by characteristic 
iconss suggesting their underlying model-type. For example, the > sign for an inequality, 
orr an P- sign for a negative proportionality, both shown in Figure 2.29. 

AA problem with the approach illustrated in Figure 2.29a, the container approach, is 
thatt dependencies between quantities belonging to the same instance are somewhat dif-
ficultt to represent, because they are shown as lines 'from' and 'to' the same super node. 
Particularlyy in the case of 'many' such lines the layout may become cluttered. Another 
problemm arises in the case of inequalities between two quantity values, where we need 
too explicitly visualise between which specific values in the quantity spaces the inequality 
exists.. The proposed solution in this case would be to label the start and the end of the 
arroww with the specific value names, see Figure 2.30. Again, this might be a potential 
causee for visual cluttering. 

Inn the second approach illustrated in Figure 2.31 (the autonomous node approach), the 
modell  builder is granted more flexibility in laying out the model components. As such, 
dependenciess between different quantities are represented by arrows starting and ending 
att different nodes. The nodes may be organised freely in order to increase the readability 
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Visualisingg dependencies in a model fragment. 
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Figuree 2.31 
Onee area for Conditions and Consequences. 

off  the model. Also, inequalities between specific quantity values may be visualised by 
displayingg the involved values under the quantity space, which can be moved around 
freely.. The problem here, is that more space is claimed by the links between nodes, while 
thesee are implicitly in the tabular form. Also the information is less compact, yielding a 
lesss sparse visual presentation. While the tabular form is more coherent and applies well 
forr complex models with many entities and not excessively many auto-dependencies, the 
autonomouss node form is probably more adequate for simpler models or in the cases in 
whichh many auto-dependencies need to be specified. 

Anotherr issue concerns the visualisation of the 'conditions' and 'consequences' of a 
modell  fragment. Two approaches can be pointed out in this respect. The first approach, 
followingg the 'visual container' idea, uses separate components to distinguish between 
conditionss and consequences, see Figure 2.30. This approach conveys a clear separation 
off  the two blocks. However, model ingredients present in the conditions of a model frag-
mentt may need to be referred to in the consequences of the same model fragment, for 
example,, further constraining a relationship between two quantities of two entities. In 
orderr to avoid connections crossing the border between the two blocks, the only feasible 
solutionn to deal with the above-mentioned situation, is to show the super node represent-
ingg the entity twice, once in each block. That is the reason why the entity instances in 
thee consequences block of Figure 2.30 are grayed out. However, from this visualisation 
itt is not immediately obvious that both icons refer to the same instance. The alternative 
approach,, shown in Figure 2.31, does not have two separate containers, but visually dis-
tinguishess by means of colour whether a component plays a role in either the conditions 
orr the consequences. A reference copy of the model ingredient is then no longer needed. 
However,, the model builder must be aware of the meaning of the two colours. For in-
stance,, a dependency added as a consequence would be coloured blue, whereas all the 
ingredientss that are conditional would be coloured red. 

Inn summary, the first approach spatially separates conditions and consequences and 
thereforee renders the separation of roles more obvious. However, reoccurring ingredients 
inn consequences may lead to confusion. The latter approach, on the other hand, is more 
compact. . 
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2.3.33 Towards Interaction and Support 

Thee previous Section discusses how the model ingredients that are used to build a quali-
tativee model can be visualised on the screen. Seven workspaces have been put forward, 
fivee dealing with building blocks and two dealing with constructs. This section discusses 
thee issue of how a model builder will interact with these workspaces in order to build a 
model.. The overall design of the graphical user interface (GUI) to facilitate this interac-
tionn consists of the following aspects: builders, graphs, vertices, arcs and tools. Figure 
2.322 illustrates these concepts and their relationships. In short, the application manages 
onee or more builders and serves as the starting point for a GUI navigation. Every builder 
containss a series of graphs and other components, such as labels. A graph is a collection 
off  vertices connected by arcs. These are placed and manipulated by the modeller using 
aa mouse-controlled tool. Every tool has associated with it an interaction dialog. The 
interactionn dialogs are secondary windows that allow the modeller to further refine the 
interactionn with the builders. 

Application n 
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Figuree 2.32 
Top-Levell  Interaction. 

Concerningg the window management two approaches can be considered. Firstly, as 
usedd in many software systems [84, 10, 116], every builder could be placed in a different 
tabbedd window with a fixed size. At a certain moment just one builder would be visible 
andd the navigation through the builders could be easily done by selecting the right tab. 
Thus,, tabbed windows avoid clutter up the desktop. The second approach is the dominant 
modell  for window management in desktop interfaces. It uses independent overlapping 
windowss for the builders [8, 59,29]. In this way, the modeller is responsible for resizing, 
layingg out, moving, opening and closing the builder any time the modeller wants. Figure 
2.333 illustrates these approaches. The drawbacks are the amount of time that has to be 
spentt on arranging the screen into a suitable form as well as switching between builders. 
Despitee the drawbacks of the independent overlapping builders, we believe that it is still 
moree appropriate for supporting our task. Having multiple builders open will be essential, 
becausee next to supporting a model building step, these builders also provide the model 
builderr with overviews of what has been built so far. In what follows, the details of 
designingg builders, graphs, vertices, arcs and tools are given. 
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Figuree 2.33 
Windowss approaches. 

Builders s 

Builderss are interactive windows that support the modeller in building specific model 
parts.. Every builder manages a collection of graphs and its layout depends on the specific 
goall  of the builder. Each builder has associated with it context-specific tools, which are 
placedd on a toolbar and/or a menu. As the focus changes from one builder to another, 
thee available set of tools changes as well. There are some tools which are common to 
alll  builders and work in a similar way in every one of them. Other tools are specific to a 
givenn builder and therefore will only be available for that builder. 

Thee GUI must provide mouse- and keyboard-based navigation within the builders. In 
orderr to promote usability and reduce the GUI's learning curve, all builders must have a 
commonn look and navigation (e.g. the tools should always be at the same place within the 
builders.. The way of accessing them should also be identical). 

Graphss are graphical representations of domain concepts. Every graph contains ver-
tices,, which may be connected by arcs. With respect to the visualisation of the model 
ingredients,ingredients, each vertex represents an individual model ingredient and an arc represents a 
modell  ingredient that expresses a relationship between two individual model ingredients. 
Thee goal of the graphs in the builders is to hold the visualisation of a structure that may 
consistt of many inter-related model ingredients. For example, the Entity Builder consists 
off  a graph, entities are the vertices and the lines between the entities, representing the 
hierarchyy relation, are arcs. In our visualisation, every vertex may contain several graphic 
components:: icons for representing the model-type of the ingredient and text labels for 
thee given class-name (e.g. in the entity case, an icon for the type and a text label for the 
modeller-givenn class name). Also, every arc may contain an icon or a text label (e.g., an 
arcc that represents an inequality will have an icon, and an arc for a structural relation will 
havee a text label (model builder given name), see Section 2.3.1, and an arrow tip at each 
endd (in order to specify direction). 
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Tools s 

Toolss are the means of interaction with a specific builder and with them, the modeller cre-
ates,, modifies and organises the model ingredients within each builder. Every tool has an 
associatedd interaction dialog with common look-and-feel. In the following a description 
off  the tools is given. 

Placee Vertex Tool Associated with a specific dialog and in a specific builder, the mod-
ellerr can create the various types of vertices using the 'PlaceVertex Tool*. 

ConnectVerticess Tool This tool in association with specific dialogs can be used to cre-
atee arcs connecting vertices in graphs. 

Pointerr  Tool This tool is the default tool and is used to select and move around vertices 
andd arcs in order to organise them visually on the screen. When one of these graph-
icall  primitives is selected, their handles should be made visible to the modeller. 

Editt  Tool This tool is used to modify the properties of existing graphical objects (e.g. 
renamee an entity or change its super type). By selecting an object and then clicking 
onn the edit tool, the corresponding dialog should be displayed with the fields filled 
inn with the object's actual properties. 

Deletee Tool This tool is used to delete any object in the builders. 

Thee basic functionality of a tool should always be the same (e.g. a ConnectVertices 
Tooll  willl  always be used to connect vertices), but variations specific to the task being per-
formedd in an active builder are introduced by using different dialogs. These dialogs have 
associatedd with them specific methods which are triggered by the modeller's interaction 
withh the dialog controls. Thus, different functionality of the same tool is embedded in the 
implementationn of the associated dialog and its methods. Table 2.1 shows the tools and 
dialogss associated for specific builders. 

Basicc Support 

Thiss section defines support as the design of interactive tools and controls that allow 
thee modeller to manipulate the graph. The tools are, as previously described, builder 
dependentt and context-sensitive. Being context-sensitive means that a tool is activated 
too operate on a particular graphical object only if this tool can assist the modeller in 
performingg some task with that graphical object. Furthermore, context-sensitive features 
makee the navigation options more visible and thus supporting exploration of the model 
builderr interface. When an object is selected the modeller can see all available options for 
thatt object enabled within the tool set. For example, in a model fragment builder, when 
ann entity graphical object is selected, the availability of the tools to add an attribute and 
too add a quantity should be made visible to the model builder. 

Whenn the basic requirements are fulfilled, and a tool can be used, the input-output 
dependenciess within the subtask supported by that tool, can be used to determine whether 
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Tools s 

Pointerr Tool 
Deletee Tool 
Editt Tool 

PlaceVertexx Tool 

ConnectVerticess Tool 

Dialogg Associated 

Thee same dialog used to create the 
selectedd object 
BB uildEntity Dialog 
BuildAttribute BuildAttribute 
BuildQSDialog g 
BuildStructuralRelation n 
BuildQuantity y 
BuildEntitylnstance e 

AddAttributeDialog g 

AddQuantityDialog g 

ReUseDialog g 
AddStructuralRelationDialog g 

Addlnequalityy Dialog 

AddCausalDependencyDialog g 

Builders s 

all l 
all l 
all l 

Entityy Builder 
Attributee Builder 
Quantityy Space Builder 
Structurall  Relation Builder 
Quantityy Builder 
Scenarioo Builder 
Modell  Fragment Builder 
Scenarioo Builder 
Modell  Fragment Builder 
Scenarioo Builder 
Modell  Fragment Builder 
Modell  Fragment Builder 
ScenarioBuilder r 
Modell  Fragment Builder 
Scenarioo Builder 
Modell  Fragment Builder 
Modell  Fragment Builder 

Tablee 2.1 
Toolss and Corresponding Dialogs. 

thee modeller has performed the task correctly or at least sufficiently (i.e., syntactically 
speaking).. For instance, within the 'PlaceVertex tool' when adding a quantity in a model 
fragment,, the modeller always has to select the entity to which the new quantity must be 
applied.. The task is not sufficiently completed without that information and thus finishing 
thee task should be made impossible (of course, it can be cancelled). For each builder, 
thee minimum required steps to interact with a tool have been identified. They should 
guidee the design of the tools to support the modeller in always performing the task to a 
sufficientlyy complete level. 

Tablee 2.2 summarises the minimum requirements to use the tools within each of the 
builders. . 

Verificatio nn for  Editing and Deleting 

Twoo basic functionalities are editing and deleting model ingredients from the model. For 
example,, selecting an entity in the Entity Hierarchy Builder, and then selecting the 'Edit 
Tool'' will invoke a dialog with which the entity can be renamed and/or its super-type 
cann be changed. Alternatively, the model builder may want to delete an entity from the 
hierarchyy that is no longer necessary in the model. However, since the model ingredients 
aree most of the time highly interrelated, the issue of handling model changes must also be 
investigated.. Several constraints concerning editing and deleting a model ingredient can 
bee formulated in order to guarantee the consistence of the model. 

Editin gg Model Ingredients Editing a model ingredient can only be done in the builder 
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Builders s 

Entityy Builder 

Attributee Builder 
Structurall  Relation Builder 
Quantityy Space Builder 

Quantityy Builder 

Modell  Fragment Builder 

Tools s 

Placee Vertex Tool 

Placee Vertex Tool 
Placee Vertex Tool 
Placee Vertex Tool 

Placee Vertex Tool 

Placee Vertex Tool 

PlaceVertexx Tool 

Connectt Vertices Tool 

PlaceVertexx Tool 

Connectt Vertices Tool 

Connectt Vertices Tool 

PlaceVertexx Tool 

Task k 

Createe New Entity 

Createe New Attribute 
Createe New Relation 
Createe New Quantity 
Space e 
Createe New Quantity 

Addd Instance 

Addd Attribute 

Addd Relation 

Addd Quantity 

Addd Inequality 

Addd Causal Depen-
dency y 
IncludeInclude Model Frag-
ment t 

Minimumm Requirements 

Thee super-type must be 
selected d 

AA quantity space should 
exist t 
Onee entity must have 
beenn created (in the En-
tityy Builder) 
Onee instance must exist 
(inn workspace) 
Twoo instances must exist 
(inn workspace) 
Onee instance must exist 
(inn workspace) 
Twoo quantities must ex-
istt (in workspace) 
Twoo quantities must ex-
istt (in workspace) 
Otherr model fragment 
mustt have been created 
(withh MF builder) 

Tablee 2.2 
Minimumm requirements for using a tool in a builder. 

wheree the model ingredient has been created. A common 'editing' task for all 
modell  ingredients is renaming them. In this case, if the model ingredient is used 
somewheree in the model, it must be updated. Certainly, the new given name must 
bee a unique name in order to be valid. 

Deletingg Model Ingredients A model ingredient can only be deleted if it is not used 
anywheree in the model. For example, if an entity is part of a model fragment, it is 
mandatoryy to delete the occurrence of the entity in the model fragment before the 
entityy can be deleted from the model in thee Entity Hierarchy builder. 

Inn short, when a model ingredient has a relationship with another model ingredient, 
itt is necessary to delete first the relationship in order to be able to delete the model 
ingredientt itself. In this way, the model builder is forced to be aware of all changes 
inn the model beingg created. 

2.44 Summary 

Thiss chapter has presented a discussion on designing a model building environment. The 
mainn purpose was to explore the tasks in modelling systems and their behaviour using a 
qualitativee vocabulary, to define means for visualising the different model ingredients, and 
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alsoo to specify ways for interacting with the model ingredients. The important conclusions 
off  this chapter are as follows: 

•• Taking a rational task analysis as starting point in the design cycle is a way to clar
ifyy the tasks that must be performed when building qualitative simulation models. 
Thee results of the analysis consist of a set of manageable and distinct subtasks that 
aa modeller is supposed to perform and which must be supported in a modelling 
environment.. The results from the task analysis also suggest seven main separate 
modellingg activities. They are the creation of entities, attributes, structural rela-
tions,tions, quantity spaces, quantities, scenarios and model fragments. 

 An important issue in design is how to visualise the information on the screen. This 
leadss to the definition of general principles for graphically visualising the model in
gredients.. First, we should use icons for representing the model-type that is defined 
byy the modelling language and text labels for the information provided by a mod
eller,, class-name and instance names. Second, the visual representation for model 
ingredientss that convey relations between other model ingredients can be made of 
aa line with an icon or a text label connecting the related items. An icon must be 
usedd when the relation to be visualised involves one of the pre-defined dependen
ciess provide by modelling language, for example an influence. The text label must 
bee used in the case of structural relations. They are created by the modeller to rep
resentt relations between entities and, therefore, the modeller given name must be 
usedd as the identifier of those relations. Third, in order to preserve consistency, the 
iconn that represents the model-type must always be used whenever a class of that 
model-typee is displayed. Finally, relations that do not exist explicitly in the model 
buildingg language can be represented as thin lines between the model ingredients 
(e.g.,, the 'implicit' relation 'belongs-to' between an entity and a quantity). 

•• Based on the criteria for visualising model ingredients, alternative visualisations 
andd organisations of these model ingredients on the screen were presented. Two 
mainn differences between alternative visualisations within model constructs are dis
cussed.. In one approach, we have the entity and all the knowledge associated to it 
(attributess and quantities) forming an 'atomic super node'. This form of layout is 
centeredd around the entity. In the other approach, all model ingredients are treated 
equallyy and, therefore, each of them is an individual node and may be freely moved 
andd organised by the modeller. Both approaches have advantages but, the latter 
approachh seems to be more efficient because relations between the various model 
ingredientss exist and they can be made explicit by an arc from and to individual 
nodes.. The second main difference between the presented alternatives concerns the 
conditionss and consequences in a model fragment. In one approach we have two 
distinctt areas for representing them and, therefore, it is immediately clear what be
longss to one or to the other part. The other approach uses colour coding to make 
thiss distinction, and avoids the drawback of having a copy of a model ingredient 
inn the consequences when it plays a role in both sides. Therefore, this approach is 
preferred. . 
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•• The conceptual design for a model building environment includes the concepts 
off builders, tools, graph, vertices and arcs. The builders are the workspaces for 
buildingg specific model ingredients. They consist of graphs that consist of ver
ticess (model ingredients) and arcs (model ingredients that relate two other model 
ingredients).. In order to interact with the builders we have tools which are used 
too create ('PlaceVertex Tool', 'ConnectVertices Tool'), modify ('Edit Tool'), and 
deletee ('Delete Tool') model ingredients within the builders. Also, vertices and arcs 
cann be moved and selected in the builders using a default tool ('Pointer tool'). Next 
too this basic functionality each builder has dedicated functionality. The behaviour 
andd functionality of a tool is driven by the specific interaction dialog associated 
withh it in a specific builder. 
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Thee HOMER Experiment 

Thiss chapter presents an experiment carried out to evaluate the design 
implementedd within our first system for building qualitative models 
(HOMER).. The chapter is divided into two main areas. The first four 
sectionss deal with the experimental procedure and the presentation of 
thee implemented system. The second part, presents the experiment re-
sultss and their analysis. The analysis is structured around three main 
areas,, a) validating the task analysis as presented in Chapter 2, b) as-
sessingg the tool's usability in supporting the model building process 
c)) identifying problems and/or misconceptions users encountered when 
buildingg simulation models with the tool. 

3.11 Introductio n 

Thiss chapter reports on a model building experiment using the fully implemented in-
teractivee model building environment HOMER1 [1] for constructing qualitative models 
off  system behaviour. The design of HOMER is based on the prototype VGARP [63]. 
HOMERR embodies the key features as discussed in Chapter 2 concerning the task anal-
ysis,, the graphical visualisation, and the organisation of model ingredients. The goal of 
thee experiment was to study the model building behaviour of modellers, particularly to 
determinee the difficulties they have when building models. Based on the obtained results 
thee design of an environment for building qualitative models can be further improved. 
Thee latter is discussed in Chapter 5. 

Inn Chapter 2 a distinction was introduced between two tasks relevant to building mod-
els,, namely the what and the how tasks, see also Figure 2.2. The HOMER environment 
supportss the latter. It prevents the model builder from making models that are syntac-
ticallyy incorrect. Running a qualitative model built with HOMER, using the reasoning 
enginee GARP [16], will always produce a simulation. Being able to use HOMER re-
lievess the model builder from having to be a PROLOG or LISP expert before being able 
too build a qualitative model. This is an important step towards user-friendly environments 

'HOMERR was designed and implemented as a collaboration between the University of Amsterdam 
(SWI)) and the company 'Spin in het Web*. 
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forr model building. However, there may be problems that users may have when building 
models.. This chapter investigates those problems. 

Whatt problems can model builders using environments such as HOMER have? 
Firstly,, the rational task analysis as presented in Chapter 2 may be incorrect or sub-
optimall  for actual users. A rational task analysis results in an analysis from a 'logical* 
pointt of view: given the model ingredient types and their interrelationships it reflects a 
kindd of optimal approach to building models. But for human model builders this may not 
bee the best approach. Thus we need to determine whether the way human modellers want 
too build models is supported by the environment. Three questions can be pointed out. 

•• Is the task structure adequate for modellers? 

•• Are all required tasks considered useful by modellers? 

•• Are there tasks that modellers want to perform that are not supported? 

AA second issue that may cause problems for model builders concerns the overall us
abilityy of HOMER. This closely relates to traditional human-computer interaction issues. 
Thee question is whether the way the user has to operate the builders and tools in HOMER 
iss easy to use and relates to the way computer software is 'normally' operated. It should 
bee pointed out that this second question has a strong relative component. A user interface 
mayy initially appear non-standard but still turn out very convenient after having learned 
howw to use it. Thus, the question to be answered here is not whether HOMER optimally 
adheress to for example, Microsoft or Apple user interface standards. Instead, the issue is 
too determine whether the operation is logical, has no inconsistencies and is relatively easy 
too use. 

Thee third class of issues concern the actual model building. As mentioned before, 
HOMERR was designed with the goal of supporting the how task. But how does that relate 
too the what part? Having a fully operational environment such as HOMER allows us to 
furtherr study the problems users have in this respect. Two questions can be pointed out. 

•• What problems do modellers have in determining what to include in a specific 
model? ? 

•• What problems do modellers have in actually representing the things they want to 
capturee in a model in terms of the representations provided by HOMER? 

Too investigate the issues mentioned above a formative evaluation study of HOMER 
hass been performed. Subjects were asked to build models in order to observe their model 
buildingg behaviour and discover information about their problems and difficulties. The 
obtainedd results are presented and discussed in this chapter. The contents of the chapter is 
ass follows. Section 3.2 introduces the U-Tube system. This system is used to explain the 
HOMERR environment, presented in Section 3.3, and it is the object of the model building 
taskk given to the subjects in the presented study. Section 3.4 describes the method used to 
performm the study. Section 3.5 enumerates and discusses the results from the experiment. 
Finally,, Section 3.6 summarises the important insights obtained in the experiment. 
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3.22 Subject Matter: The U-Tube System 

Thiss section introduces the U-Tube system that we use to describe the HOMER environ-
ment.. Also, building a model of the U-Tube was the task that the participants had to 
performm in the experiment reported here. As an introduction, consider the U-Tube shown 
inn Figure 3.1. The U-Tube is a system consisting of two containers, filled with liquid, 
whichh are connected via a pipe near the bottom of each container. Pressure difference 
nearr the bottom of the connected containers determines what will happen. From the con-
tainerr with the higher pressure, liquid will flow to the container with the lower pressure. 
Itt is assumed that the pipe has no influence on the behaviour of the system except for 
facilitatingg the flow of liquid between the two containers. As a scenario, the level in one 
containerr is higher. Running a simulation should thus produce at least two states: the 
initiall  disequilibrium and the equilibrium state that succeeds it and for which the levels 
aree equal. 

ContainerN N 

Water--

Pressuree _ 

Figuree 3.1 
Ann Example U-Tube System. 

3.33 HOMER Environment 

HOMERR [1] is an environment for building qualitative models. Technically, the HOMER 
environmentt consists of a set of dedicated builders that embody the task analysis and 
guideliness for visualisation as presented in Chapter 2. Figure 3.2 shows HOMER's main 
window,, which is the starting point for interaction. 

HOMERR consists of seven2 builders (Entity Hierarchy, Attribute Definitions, Configu-
rationss Definitions, Quantity Definitions, Quantity Spaces, Model Fragment and Scenario 
Editor),, and two additional windows that hold the list of model fragments and scenarios 
builtt so far. When the Model Fragments button from the main window is selected, a win-
doww that contains the list of created model fragments is displayed. From this window, it 
iss possible to initiate the creation of a new model fragment, delete or edit an existing one. 
Similarr behaviour occurs when the Scenarios button is selected, but then for working on 
scenarios.. In the following, the builders are explained using a model of the U-Tube as 
runningg example. Figure 3.3 gives the meaning of the icons employed in Homer. 

2Inn fact nine builders are used in Homer. Next to the seven builders discussed here HOMER also allows 
thee creation of assumption and agent hierarchies. However, these builders are not used in the experiment 
discussedd in this chapter. 

Level l 
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Figuree 3.2 
Homerr Main Window. 
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Thee Entit y Hierarchy builder supports the definition of the entities that represent the 
domain.. The hierarchical relationships between these entities must be modelled here as 
well.. Figure 3.4 shows an entity's hierarchy for the U-Tube system. The entities are 
organisedd in a tree and they are automatically displayed vertically, horizontally or as a 
listt by selecting the desired choice from the View menu. An icon represents the model 
ingredientt type, a text label is the entity's class-name given by the user and the arrows 
representt the subtype relationship between entities. Although the hierarchy in the builder 
containss also intermediate concepts, from a model point of view at least the following 
entitiess should be defined for the U-Tube system: container, water and path. 

Thee Attribut e definitions builder can be used to create the attributes that can belong 
too entities. The builder organises attributes and its values in lists, Figure 3.5a. By selecting 
ann attribute from the attributes list, its given values are displayed in the possible values list. 
Noo icon exists to represent the model-type, instead, the model-type can be inferred from 
thee title of the builder as well as from the list's title. The user given name to the attribute 
andd its values are represented as text labels. For the U-Tube, the attribute Openness has 
beenn defined which has open and closed as possible values. It refers to the idea that 
containerss are either open or closed. 
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Figuree 3.4 
Entityy Hierarchy Builder. 

Figuree 3.5 
Attributee Definitions and Configuration Definitions Editors. 

Thee Configuration definitions builder can be used to create the structural relations 
thatt can be defined between two entities, Figure 3.5b. A list of configurations is the means 
off  organising them in the builder. No icon is used to represent the model-type and a text 
labell  is used for the user given class-name. The model-type is derived from the window 
titlee and also from the list browser title. For our example, important structural relations 
are:: connected and contains. When building a model fragment, for instance, mis can be 
usedd to articulate that a container contains water. 

Thee Quantity definitions builder supports the definition of the generic quantities that 
mayy be assigned to an object, Figure 3.6a. The builder consists of the list of created 
quantities,, a list of the allowed quantity spaces for the selected quantity, an area that 
displayss the graphical representation of the selected quantity space, and also a list of 
alll  existing quantity spaces. The approach taken in this implementation uses icons for 
visualisingg the type of the quantity space values (dots for points and short vertical lines 
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forr intervals) and organises the values vertically. Text labels are used for the user given 
class-namess for values. Important quantities for the U-Tube model are Amount, Flow, 
LevelLevel and Pressure (at the bottom of the container). In Figure 3.6a, the quantity Amount is 
selected,, which makes the 'Allowed Quantity Spaces' list display the quantity's quantity 
spacee Zpm. By selecting the quantity space, its values are displayed in the 'Preview' 
panel. . 
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Figuree 3.6 
Quantityy and Quantity Space Builder. 

Inn the Quantity Spaces builder the modeller creates ordered sets of quantity values 
thatt quantities may have. These values are a sequence of alternating points and intervals. 
Similarr to the builders described above, it uses a list for displaying the existing quantity 
spaces.. By selecting a quantity space its graphical representation is displayed in the 'Def-
inition'' panel, Figure 3.6b. The buttons, next to the 'Definition' panel, are used to define 
orr edit values of a quantity space. Notice that the buttons offer options such as: Add High, 
AddAdd low, but options to select whether the value is a point or interval are not provided. 
Onlyy when defining the first value the modeller must choose between point or interval. 
Thus,, the system automatically infers the type, based on the rule that a quantity space 
mustt be a sequence of alternating points and intervals. 

Thee Model Fragment Editor  allows the modeller to construct the knowledge about 
thee behaviour of entities. This includes the specification of features of entities, such as 
quantities,, the values they have, and the dependencies that exist between the quantities. 
Inn this builder, the modeller uses the model ingredients modelled in the previously de-
scribedd builders. Thus, the created building blocks are used to make constructs. Model 
fragmentss are 'structures' and following the guidelines for visualising model ingredients, 
thee model ingredients are visualised as a node and, relations to others model ingredients 
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aree shown as arcs. HOMER implements colour coding to visualise the conditions (red) 
andd consequences (blue). 

Figuress 3.7 and 3.8 show two model fragments of the U-Tube system. The first model 
fragment,, Figure 3.7, specifies the entities Container and Liquid, and relates them by 
specifyingg the structural relation Contains, as conditions (coloured red). Furthermore, as 
consequences,, the model fragment specifies Amount and Pressure of a liquid, and relates 
themm to the Level. The Amount is positively proportional to the Level: if the Amount 
increasess then the Level will increase. Likewise, the Level is positively proportional to 
Pressure:Pressure: if the Level increases then the Pressure will increase. Additionally, the Amount 
correspondss to the Level: if Amount is known, then the Level can be derived, and vice 
versa.. For example, if the Level is plus, then the Amount is plus. Finally, Level corre-
spondss directly to the Pressure: if Level is known then the Pressure can be derived, but 
nott vice-versa. 

Figuree 3.7 
Modell  Fragment: Container contains liquid. 

Thee dependencies described in this model fragment are graphically represented as 
arcss connecting the involved model ingredients. An icon at the middle point of the arc 
identifiess the type of dependency. The implicit relation belongs-to between model in-
gredientss (entity quantity, quantity quantity-space, etc) is graphically represented using a 
'lightt gray' arc. 

HOMERR also implements context sensitive use of tools to manipulate the content of 
aa builder. For example, in Figure 3.7 as the entity Container is selected only actions 
thatt relate to an entity are made available in the menu Conditions: adding an attribute 
and/orr a quantity. Another feature of HOMER is the facility of showing and hiding model 
ingredients,, which can be accessed via the View menu. In the same figure, the graphical 
representationn for derivatives of quantities Amount and Level are hidden while for the 
quantityy pressure it is shown. 
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Figuree 3.8 shows the model fragment for liquid flow. This model fragment requires 
twoo model fragments of type 'contained-liquid' to exist. The model fragment then intro-
ducess the quantity Flow and states that when the Pressure at the bottom of a 'contained-
liquid'' is greater then the Pressure at the bottom of the other 'contained-liquid', and there 
iss a path (new added entity as condition), then there will be a Flow from one container 
too the other. The Flow rate will be equal to the Pressure of one container (high pressure) 
minuss the Pressure of the other container. Therefore, the Flow has a negative influence 
onn the Amount of liquid in the container with higher Pressure, and a positive influence on 
thee Amount of liquid in the other container: when there is a (positive) flow, the amount of 
liquidd in the first container will decrease and the amount of liquid in the second container 
wil ll  increase. 
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Figuree 3.8 
Modell  Fragment Builder: Liquid Flow. 

Inn the Scenario builder the modeller defines the situations that can be simulated. No-
ticee that by definition this can only be a 'selection' of the model ingredients defined else-
wheree in the model. For instance, there is no point in specifying an entity in a scenario 
thatt is not used in any model fragment. Figure 3.9 shows a scenario for the U-Tube which 
specifiess that the Level of liquid in the container on the left-hand side is greater then the 
LevelLevel of liquid in the container on the right-hand side. Furthermore, the scenario specifies 
thatt the Amount of water, in both containers, has the value plus, which means that some 
waterr exists in the containers. In HOMER the graphical representation and the interaction 
withh the model ingredients within a scenario is similar to that for model fragments except 
thatt there is no distinction in terms of conditions and consequences. 
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Figuree 3.9 
Scenarioo Builder: U-Tube, Level of Water a > Level of Water b. 

3.44 Method 

Inn the experiment, the subjects should construct a model of a U-tube system from scratch. 
Thee subjects received a document containing the assignment, a short explanation of the 
qualitativee modelling terms employed, as well as a brief introduction to the HOMER 
Environmentt (Appendix B). 

Eachh model building session was recorded on video. The camera was pointed at the 
computerr screen with the purpose of capturing the complete sequence of activities per-
formedd by the participants and therewith, gathering information about common behaviour 
off  a typical modeller. During the experiment, participants were allowed to ask questions, 
inn fact they were encouraged to do so. This was expected to be a valuable source of in-
formationn about the problems encountered. The experiment leader could use participant's 
questionss to elicit further information about a potential problem. Also, during a session 
participantss were asked to think aloud [113], explaining what they were doing and the 
reasonss for doing so. This exposes the modeller's intentions and can be used to identify 
theirr beliefs and misconceptions. 

Afterr completing the assignment, the subjects were asked to give a summarising re-
flectionflection about the bottlenecks and flaws they encountered while working with HOMER as 
welll  as suggestions on possible improvements. This last step was recorded as well. Each 
sessionn lasted approximately one hour. During the session, participants could use paper 
andd pencil to make notes. 



58 8 CHAPTERR 3. THE HOMER EXPERIMENT 

Participants s 

Thee participants were four people from our department (SWI). Two of them were re-
searcherss at this department and the other two were master students. All four participants 
hadd experience with Artificial Intelligence and thus with issues concerning knowledge 
representationn and qualitative reasoning. However, they had not built qualitative models 
before. . 

3.55 Experiment Results 

Alll  participants were able to complete the assignment satisfactorily except for one who 
didd not complete the task of creating a scenario because the official time given to com-
pletee the experiment had already passed. From the participants who successfully com-
pletedd their assignments, two of them actually succeeded in simulating their models using 
VISIGARP33 [15]. In this section, the main results of the experiment are summarised and 
categorisedd into three topics: 

•• Task Analysis 

•• User Interface 

•• Aspects of Model Building Activities. 

Inn the subsequent analysis, the subjects shall be referred to as PI, P2, P3 and P4. 

3.5.11 Task Analysis 

Too have an impression of how the participants built their models, consider Figure 3.10, 
whichh depicts the actions performed by P2. 

Sequencee of activities 

Thee participant started by creating the entities that he believed to be part of the system 
too be modelled. Having created the hierarchy of entities, the participant went on with 
thee creation of quantities. While creating a quantity, the participant decided to create the 
correspondingg quantity space. Later on, P2 resumed the building of the quantity from the 
pointt where the activity had been interrupted. Actually, in order to create a quantity, a 
quantityy space must also be specified and associated with the quantity. In this situation, 
thee desired quantity space did not exist and the participant decided to initiate the Quantity 
Spacee Builder. Following the creation of the quantities, the participant created a static 
modell fragment and started specifying its ingredients. The first step, was Adding Entities. 
Noticee that all the entities believed to be part of the model fragment were added first. 
Onlyy then, the participant went on with selecting the Add Configuration activity, with the 

33 Next to the model building environment HOMER, the participants could use VISIGARP for simulating 
thee models they constructed. 
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Figuree 3.10 
P2:: Sequence of usage of the Builders. 

helpp of which P2 created the desired configuration. The participant had not created any 
configurationn yet. It was, therefore necessary to do so at this stage, in order to add it to the 
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modell  fragment. Following the specification of the static model fragment, the participant 
createdd a process model fragment and started defining it. P2 started with adding the 
entities,, went on with the inclusion of configurations and finally added the quantities. 
Afterwards,, the previously created static model fragment was included as a condition 
too the process model fragment4. Subsequently, an inequality was specified between the 
includedd quantities. The participant then proceeded with die creation of a new quantity. 
Ass before, while creating this new quantity, called flow, the participant created a new 
quantityy space and finally went back to finish the creation of the quantity. Furthermore, 
hee added the last created quantity to the process model fragment, as well as an influence 
whichh used the quantities specified within this model fragment. P2 then created an input 
systemsystem and started specifying its ingredients. The diagram indicates, that the participant 
keptt the same sequence of activities he had previously employed while building the model 
fragmentss blocks. P2 first added instances, configurations and quantities and followed 
thiss by the specification of an inequality between quantities. The participant concluded 
thee modelling task by setting the initial values of the quantities within the scenario. 

Thee diagrams in Figure 3.11 summarise the activities of all participants. Examining 
thesee diagrams some observations can be made. Two of the participants, PI and P2, went 
throughh an identical sequence of activities, namely the creation of entities, quantities, 
modell  fragments and a scenario, in that order. The main difference between the sequence 
off  activities performed by these two participantss and the steps taken by the remaining two 
concernss the creation of quantities. While the first two participants had created quantities 
independentlyy of any context, model fragments or scenario, prior to using mem, the other 
twoo chose to create them at the moment they were needed. Despite the fact that the 
activitiess at the highest level of the HOMER environment can be performed concurrently, 
seee Figure 3.2, three participants initiated the model building process by creating the 
hierarchyy of entities. One participant, P3, did not create a hierarchy of entities. Although 
nott shown in Figure 3.11, P3 gave meaningful names to the entities when including them 
inn the model fragments. By doing so, we may conclude that the participant was aware of 
thee existing entities in the U-Tube system but was not aware that the definition of those 
entitiess should have been done in a hierarchical manner and in the dedicated builder. 

Inn summary, examining the diagrams and the protocols, we can conclude that, es-
sentially,, the mainstream sequence of activities was: Creation of a hierarchy of entities, 
followedd by the creation of the model fragments and finally the definition of a scenario. 
Together,, these three concepts constitute the important model ingredients in GARP and 
weree also the ones, the subjects focused on most. Other concepts, such as configura-
tions,, quantities and dependencies played a more secondary role as tfiey appeared mostly 
inn the context of model fragments and scenarios. When creating the model fragments 
andd the scenario the sequence of the tasks was partially determined by the user interface. 
Forr example, a quantity can only be added to the model fragment if an entity to which 

4Ass a matter of fact, the reader may notice that the participant made a mistake at this point. P2 had 
almostt completely specified the process model fragment when he realised that the static model fragment, 
thatt was already created before, should be included as a condition in this model fragment and, therefore, 
thee entities from the included model fragment should be reused here. This kind of mistake will be further 
discussedd in Section 3.5.3. 
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Figuree 3.11 
Sequencee of Activities. 

thatt quantity belongs is already added and also selected. However, there still existed a 
mainstreamm sequence of activities, which can be summarised as follows: 

1.. Add Entities 

2.. Add Attributes/Configurations 

file:///______y
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3.. Add Quantities 

4.. Add Dependencies 

AA significant deviation of this sequence occurred when some correction needed to be 
made.. This sequence of activities partially matches the ideal sequence of activities in the 
taskk analysis as well as the one suggested by the environment. Looking at Figure 3.2, we 
cann see that, at the highest level, we have the tasks of creating entities, attributes, relations 
andd quantities which match the sequence in which the participants completed the various 
tasks.. However, looking at the diagrams in Figure 3.11, it is clear that the creation of 
Quantityy Spaces was not seen as an independent task by any participant even though the 
environmentt suggests that it is an independent task. 

Missingg tasks 

Somee of the participants pointed out that additional tasks could be added to the interface 
too make it more complete. However the fact that these suggested tasks were missing did 
nott hamper them in successfully completing their assignments. 

•• Two of the subjects made drawings on paper before specifying their models. This 
couldd be indicative that supporting this task should be part of the environment. 

•• The subjects pointed out that they missed a complete overview of the model con
structedd so far. It was mentioned that if they were to model a complex system, it 
wouldd be harder to keep track of all the details of their models such as the hierar
chyy of model fragments, the relations between model fragments, and which model 
fragmentt is condition to another one. 

•• An interesting observation was that the subjects were often constructing mental 
modelss of the behaviour of their systems, particularly concerning the causal rela
tionss between quantities. In fact, they wanted to check if their mental causal rela
tionss made sense at all and if they matched the ones specified in their models. This 
mayy suggests the need for a tool to construct global causal models. 

3.5.22 User  Interface 

Inn order to assess the usability of the user interface, the heuristic evaluation method was 
usedd [83]. Heuristic Evaluation has been widely accepted as a concise test of usability 
andd has been used frequently. The technique rates a user interface by means of a set of 
usabilityy principles in a cost effective way. In heuristic evaluation evaluators examine the 
systemm as in a general evaluation or usage simulation, however the evaluation is guided 
byy a set of heuristics which are concerning key usability issues. The usability heuristics 
ass published by Nielsen are presented in Table 3.1. 

Thee think-aloud protocol, the questions made to the experiment leader, the recorded 
dataa as well as the interview at the end of each session were used to register the par
ticipants'' comments and problems on the user interface at each stage of the model con
structionn process. Hence, the participants were the ones that experienced the problems 
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Thee system should always keep users informed about what is going on, 
throughthrough appropriate feedback within reasonable time. 
Thee system should speak the user's language, with words, phrases and 
conceptss familiar to the user, rather than system oriented terms. Fol-
loww real world conventions, making information appear in a natural and 
logicall  order. 
Userss often choose system functions by mistake and will need a clearly 
markedd emergency exit to leave the unwanted state without having to 
goo through an extended dialogue. Support undo and redo. 
Userss should not have to wonder whedier different words, situations, or 
actionss mean the same thing. Follow platform conventions. 
Evenn better than good error messages is a careful design which prevents 
aa problem from occurring in the first place. 
Makee objects, actions and options visible. The user should not have 
too remember information from one part of the dialogue to another. In-
structionss for use of the system should be visible or easily retrievable 
wheneverwhenever appropriate. 
Accelerators,, unseen by the novice user, may often speed up the inter-
actionn for the expert user to such an extent that the system can cater 
forr both inexperienced and experienced users. Allow users to tailor fre-
quentt actions. 
Dialoguess should not contain information which is irrelevant or rarely 
needed.. Every extra unit of information in a dialogue competes with the 
relevantt units of information and diminishes their relative visibility. 
Errorr messages should be expressed in plain language (no codes), pre-
ciselyy indicate the problem, and constructively suggest a solution. 

Evenn though it is better if the system can be used without documen-
tation,, it may be necessary to provide help and documentation. Any 
suchh information should be easy to search, focused on the users task, 
listt concrete steps to be carried out, and not be too large. „_____ 

Tablee 3.1 
Recommendedd heuristics for interface design. 

withh the user interface. However, it was the experiment leader and two other HCI experts 
thatt examined the encountered problems and judged their compliance with the heuristics 
afterwards. . 

Participantss Feedback on the User  Interface 

Inn this section, we summarise the results of the evaluation by emphasising the most rel-
evantt usability issues. Some of the heuristics presented in Table 3.1 are not explored in 
thiss evaluation; the reasons for that are the following. The Match between the system and 
thethe real world has a different interpretation in this experiment. One of the goals in our 
situationn is that users actually learn how to use the workbench and by doing so develop a 
moree systematic, partly formal, approach to reasoning about the behaviour of (physical) 
systems.. It is thus most likely that the primitives used in the software are not immediately 
clearr to the users. In fact, our goal is to assess the model building problems users have in 
thiss respect and use that to further improve tools such as HOMER. Therefore, this heuris-
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ticc requires a more detailed and also different analysis. This issue is discussed in Section 
3.5.3.. The heuristic Help and documentation does not apply because the goal of the ex-
perimentt was to find out precisely what kind of help is required. Finally the heuristics 
RecognitionRecognition rather than recall, Aesthetic and minimalist design, Help users recognise, 
diagnose,diagnose, and recover from errors were not violated and therefore they are not mentioned 
inn the results that follow. Consequently, the heuristics that we focus on, are: Visibility 
ofof the system's status, Error Prevention, Consistency and Standards, User Control and 
Freedom,Freedom, and Flexibility and Efficiency of Use. We first analyse the most general issues, 
suchh as those concerning the overall interface and progressively focus on features specific 
too individual interface components. 

Somee of the problems listed below concern the inability of a user in completing a 
certainn task. Other usability problems were detected as a consequence of user complaints 
andd observations. The results are listed following the sequence of the builders in the user 
interface.. However, this does not imply that the problems were encountered in that order. 
Noo problems were found with the use of the Quantity Space builder and therefore this 
builderr is not mentioned in the results that follows. 

Heuristicc Evaluation Analysis 

Mainn window All participants found the 'New' Button confusing, three of the four 
participantss tried to initiate building their model by clicking on it (see Figure 3.2). Partic-
ipantss did not seem to notice that they were already in a new model. They expected that it 
wass necessary to press the 'New' button in order to initiate the creation of a new session 
(Violationn of: Visibility of the System Status). 

Attribute ,, Configuration, Quantity Space and Quantity Builders Among these four 
builderss with similar look-and-feel only the Configuration Builder does not have a 'Copy' 
buttonn (Violation of: Consistency and Standards). 

Inn the Entity Builder, in order to create a new entity, the user must select the option 
'Addd Child'. Attribute, Configuration, Quantity and Quantity Space Builders use the 
optionn 'New' instead (Violation of: Consistency and Standards). 

Entit yy Builder  It was not immediately clear to the participants that they should first 
selectt the super type in order to add a new sub-entity to it (Violation of: Visibility of the 
SystemSystem Status), 

Thee way HOMER always moves the current selection to the last added entity, caused 
confusionn on behalf of the participants. While creating the entity hierarchy, subjects 
wantedd to add a number of new entities and intuitively expected them to all have the 
samee parent, as they did nothing to change the selection. One of the participants, P4, cre-
atedd four entities and faced this problem twice. Likewise, PI and P2 created, respectively, 
fourr and three entities and faced the problem once. In summary, without exception, all 
userss employing the Entity Builder stumbled on this problem and initially created entities 
withh an incorrect super type (Violation of: Error Prevention). 
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Quantityy Builder  None of the participants noticed that in order to create a quantity 
theyy should assign a quantity space to it. Initially, all participants just gave a name 
too their quantities without noticing other options on the screen. This suggest that, the 
'Add/Remove'' button in the builder was not clearly presented as the next step in the se-
quencee (Violation of: Visibility of the System status). 

Whenn users create a quantity, they must select a quantity space from the quantity-space 
listt and click on the 'Add/Remove' button to assign the quantity space to the newly created 
quantity.. Even after already having worked with the builder for some time, participants 
keptt forgetting to perform this step. Overall, from the fourteen quantities created by all 
participants,, this error occurred seven times. The error can be explained as follows. When 
theree are no quantity spaces, the user must create a new one from within the Quantity 
Builderr or otherwise abort editing the quantity. This option, 'Edit quantity spaces' caused 
confusionn on behalf of the participants (see Figure 3.12). They expected that by accessing 
thee Quantity Space Builder from within the Quantity Builder, the created quantity space 
wouldd automatically be assigned to thatt quantity. But this was not the case. In Homer, the 
participantss are expected to select the created quantity space again in order to associate 
itt with the quantity. All participants faced this problem a number of times (Violation of: 
ErrorError  Prevention). 

Figuree 3.12 
Quantityy Builder - Quantity Space Builder.. 

Byy default, the last created quantity is always selected for editing. Invariably the 
participantss commented that when they were overwriting the quantities name, they were 
nott sure as to whether they were editing the selected quantity or creating a new one. 
Somee of the participants did not even notice that something was selected and in the hurry 
off  wanting to quickly create a series of quantities, overwrote the one they had previously 
created,, thus losing it. In order to create a new quantity, HOMER expects the user to click 
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onn the New button. This mechanism was found to be counter intuitive by all participants 
(Violationn of: Visibility of the System status). 

Modell  Fragment Builder  The system allows the user to invoke the other editors via the 
Modell  Fragment Builder. For instance, the 'Configuration Definitions' can be accessed 
fromm within the 'Add Configuration' window, the 'Quantity Definitions' from within the 
'Addd Quantity' window. One of the side effects of this flexibility,  was that the participants 
gott lost in the presence of such a high degree of nesting and, as a consequence, did not 
completee the initially intended task. Indeed, a high degree of concentration is required 
fromm the user. For example, three participants, P2, P3 and P4, selected 'Configuration' 
fromm the menu in order to add a configuration. As they had not previously created any 
configuration,, they invoked the 'Configuration Builder' from within that window. When 
theyy returned to the 'Add Configuration*  window, they did not notice that it was still 
necessaryy to select the just created configuration. As a result, they closed the window 
withoutt adding any configuration (Violation of: Error Prevention). 

Similarly,, errors occurred when from the 'Add a new quantity' menu the participants 
invokedd the 'Quantity Definitions' (Violation of: Error Prevention). In this and in the case 
above,, users must pay attention to what their intentions were in order to avoid incorrect 
results.. Those who did not have problems were the ones that did not use the nested 
navigation.. To illustrate this concern, Figures 3.13 and 3.12 show an allowed sequence 
off  navigation. By selecting 'Quantity...' from the menu in the Model Fragment Builder 
(seee Figure 3.7), the first window, 'Add a new quantity', is displayed (Figure 3.13). If the 
userr selects the button 'Edit Definitions...' in this window, the 'Quantity definitions' is 
displayed,, Figure 3.12a. In the 'Quantity definitions', if the user selects the button 'Edit 
quantityy spaces...', the 'Quantity spaces' editor is displayed (Figure 3.12b). Getting back 
too the 'Add a new quantity', that is closing the other two windows, the users get confused 
andd sometimes cancel the task, instead of saving what they initially set out to do. 

Ass mentioned before, when the participants were using the 'Quantity definitions' 
builderr just by itself, they did not notice that in the 'Add a new quantity' window, they 
alsoo should select the quantity to be added as well as the quantity's quantity space. In 
fact,, participants committed this error eight times. The worst case was observed with P4 
whoo committed the error four times (Violation of: Visibility of the System Status). Con-
cerningg the issue of frequently having to switch builders, the participants complained that 
thee graphical differences between the respective windows were not evident and that at 
somee time they did not know anymore which builder they were working on (Violation of: 
VisibilityVisibility of the System Status). 

Finally,, it was pointed out that the task of setting a value to a quantity is the only task 
inn which the user does not need to access a dialog box (Violation of: Consistency and 
Standards).Standards). Actually, none of the participants succeeded in performing this task without 
helpp from the experiment leader. 
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Figuree 3.13 
Addd a new Quantity dialog. 

Overvieww of User  Interface Evaluation 

Thee chart in Figure 3.14 gives an overview of the heuristics violated. The focus of us-
abilityy problems were on Visibility of System Status, 27, Error Prevention, 22 and Con-
sistencysistency and Standards, 15. However, it was interesting to notice that as subjects worked 
longerr with HOMER the number of usability problems decreased. For instance, during 
thee task of creating a scenario the subjects had significantly fewer problems than during 
thee creation of model fragments. The necessary steps to complete these two tasks are 
veryy similar. This indicates that familiarity with the tool did help the participants, as they 
inevitablyy had to use the Model Fragment builder before the Scenario builder. 

Inn summary it seems fair to concludee that using HOMER can be learned in a reason-
ablee short time and that the usability of the software was not a significant bottleneck for 
thee subjects to create simulation models. Still, improvements to the usability of HOMER 
cann and should be made in next versions of the software. 

3.5.33 Model building activities 

Thee experiment was effective in detecting flaws, confusions and misconceptions during 
modell  building activities. Analysis of the video recordings and moreover, analysis of the 
transcribedd think aloud sessions, permitted the identification of typical problems during 
thee creation of building blocks and model constructs. Table 3.2 presents a summary of the 
participants'' major problems during the creation of building blocks. Tables 3.3 and 3.4 
presentt the summary corresponding to the creation of model constructs. 

Noticee that the tables do not represent a sequential order of events. They were or-
ganisedd in this way for the purpose of detecting events common to different individual 
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Figuree 3.14 
Numberr of errors due to the violation of heuristics. 

participantt recordings. In the tables, black circles denote that the participant experienced 
aa problem and could not manage to circumvent it without assistance of the experiment 
leader.. Gray circles denote that the participant had some confusion, misconception or 
flaww but could solve the problem without help. Hollow circles denote that the participant 
didn'tt face any problems while executing a task. A dash means that the task was not 
performed. . 
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Tablee 3.2 
Summaryy of building blocks creation. 

Thee following is a discussion of the problems and misconceptions that the participants 
encounteredd during the experiment. With the aim of identifying patterns, the problems 
weree classified into fifteen types, after a thorough analysis of the protocols. When the 
problemm or misconception is considered to be an interesting case, a protocol illustrating 
itt is given. For each type of problem, the number of occurrences per participant were 
registeredd with the objective of identifying the most frequent types of errors. 

Understandingg and using the concept isa hierarchy (Type 1). This category concerns 
thee awareness of the user of the fact that entities should be hierarchically organised. One 
off die participants, P3, did not create a hierarchy of entities. However, when adding en
titiess to the model constructs, P3 named the entities meaningfully, which indicates that 
thee participant was aware mat different entities existed in the U-Tube system. The mis-
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Taskl l 
2 2 
3 3 
4 4 
5 5 
5 5 
6 6 
7 7 

Participants s 

Definingg MF Super Type 
Addd Entities 
Addd MF as condition 
Addd Attributes 
Addd Configurations 
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Specifyingg Inequalities 
Specifyingg Causal Dependencies 
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Tablee 33 
Summaryy pertaining to the model fragments creation task. 

Taskl l 
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3 3 
4 4 
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Specifyingg Inequalities 
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o o 
--
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o o 
o o 
o o 

P33 P4 

oo o 
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-- -
oo -

oo ~ 
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o o 

Tablee 3.4 
Summaryy associated to the scenario creation task. 

conceptionn of the participant thus resided in assuming that, by using meaningful names, 
differentt entities were being created. During the whole session, P3 did not realise that the 
entitiess added to the model fragments (and to the scenario) were all instances of the root 
off the hierarchy and that thus no entities were created. 

Decidingg upon which quantities to define (Type 2). One of the principal tasks when 
modellingg a system consists of defining the quantities that describe the behaviour of its 
entities.. Two participants had difficulties with the task of adding quantities to a model 
fragment.. One of the issues concerned the question as to which quantities were relevant 
inn a model fragment. The following protocol gives an example of a participant's doubt. 

P1:: I wonder if I need to create (entity) 'liquid' and if I need 'Level' to be a property 
off a container; 
II don't know if I need 'flow' in this MF... 
II want to represent (quantity) 'PressureDifference' as the difference between 
thee two 'levels'. I am confused. Do I need to create a new quantity? 

Anotherr issue regards the question as to how such quantities should be defined. Some 
off the participants needed to ask for help (see protocol below) in order to be able to 
proceedd with the assignment. 

P3:: How can I say that there is a flow? I mean, if there is difference between the 
amountt of water, we have a flow. Do I need another model fragment to define 
thatt flow? I need the flow. It is the consequence of this model fragment. 
Butt I could also create an attribute saying that there is a flow... 
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Understandingg the relation between a Quantity and its Quantity Space (Type 3). 
Thiss category concerns the dependency between a quantity and its quantity space. 
HOMERR does not permit the creation of a quantity without a quantity space being as-
signedd to it. When initiating the construction of quantities, a participant, PI expressed 
thatt he wanted to create the quantity height for each container and furthermore to specify 
thatt they were equal. However, without specifying a quantity space to be associated with 
aa quantity, this type of dependency cannot be defined. At that stage, the participant had 
noo knowledge about this requirement. 

Understandingg a Model Fragment Type and its implications (Type 4). This category 
focussess on the participant's difficulties in understanding the role and structure of model 
fragments.. The following protocol fragment illustrates a participant's misunderstanding. 
Thee participant wanted to represent the whole U-Tube with one model fragment. The idea 
iss not completely wrong but the usefulness of model fragments is that the behaviour of 
thee system can be defined in small chunks that can be used in different contexts. 

P1:: "Could I define the U-Tube as a Static fragment and then... 
makee another fragment to describe the flow of liquid in the U-Tube?" 

AA most interesting misconception happened when one of the participants intended to 
representt the flow process in the U-Tube. He had correctly added to the model fragment 
alll  the quantities necessary to represent the flow process but still wondered whether to 
addd a dependency or make a new model fragment to represent the flow process. The 
confusionn arose due to the fact that the flow process in the U-Tube has to be represented 
byy dependencies between quantities. A quantity named flow alone does not represent the 
wholee process. At this point, the misconception was explained to the participant in order 
forr him to proceed. Moreover, the participant commented that he wanted to add a model 
fragmentt as a consequence of another one. This indicates mat the participant was not fully 
awaree of the possibility of reusing a model fragment. 

Onee participant pointed out not to understand the difference between a static and a 
processprocess model fragment. In this case the experiment leader had to clarify this issue to 
thee participant. Also, PI was not completely aware of the structure of a model fragment. 
Thee participant knew what to model in the model fragment but it wasn't clear to him 
howw to proceed in order to do so. The next protocol fragment illustrates this issue. 

P1:: I guess I need a process but I don't understand the difference between a static 
andd a process model fragment. 
AA model fragment has no notion of the parts of the model - you cannot say 
thatt the U-tube has a container part. You cannot represent this part relation. 
'Conditions'' - it was not clear to me that the conditions include the entities that 
existt in the model fragment. 

Decidingg upon structural decomposition (Type 5). This category is concerned with 
thee way mat entities are used in different contexts as opposed to focussing on the entities 
themselves.. In the protocol fragment that follows, the participant had correctly created 
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thee generic entities in the Entity Builder. The problem here was that the participant was 
confusedd in how those entities could then be used in the model fragment. 

P1:: "So, that is the U-Tube. [The participant had added three entities, two 'containers' 
andd a pipe, and the structural relation 'connected' between them.] 
Butt not the U-Tube with liquid... 
II am wondering whether I should create a liquid and assign the level of the 
liquidd as a property [left and right container] or whether I should... 
addd two liquids or maybe even three... 
containedd in each container here and here [pointing to all entities on the screen]... 
Itt seems a bit silly, I guess... 
so,, I create one liquid. 

Decidingg upon which behaviour  to assign to which entity (Type 6). One of the par-
ticipantss was not sure as to which entity a quantity should be assigned to. The participant 
wondered,, for instance, if the quantity level belonged to the liquid or to the container 
entity. . 

Understandingg and using the notion of configuration (Type 7). This category con-
cernss the understanding of the participants of the configuration concept as well as know-
ingg where and how to use it. For instance, after having created a configuration, one of 
thee participants asked where the relation (that configuration) could be specified. It was 
explainedd to him that this could only be done in the context of model fragments and sce-
narios.. The participant's question revealed that a model building concept, in this case a 
structurall  relation, had not been clearly understood. 

Thee difference between an Attribut e and a Quantity (Type 8). This category deals 
withh understanding the difference between describing an entity's static features, concep-
tualisedd as attributes in the model vocabulary of GARP, and its dynamic behaviour, rep-
resentedd by quantities in the same ontology. One participant intended to use an attribute 
inn order to describe the U-tube's behaviour. The participant indeed wanted the model to 
expresss that the height of one container was bigger than the height of the other container. 
Hee questioned whether feature "height" was a static or dynamic feature as it does not 
changee in the specific case of a container. The participant's argument was interesting. 
Thee confusion arose because in the ontology, dependencies such as greater-than, can only 
bee specified between quantities which are dynamic by definition. 

Understandingg Quantity Space definitions (Type 9). The problems here relate to the 
ruless for defining quantity spaces. For instance, one of the participant had not understood 
thatt quantity spaces had to be organised as an alternating series of points and intervals. 
Thatt same participant wondered whether values from different quantity spaces with the 
samee name were equal or not. As a matter of fact they are not, different quantity space 
definitionss are independent Another misunderstanding was detected when the participant 
askedd if a quantity space could have negative values. Subsequently he resolved the matter 
himselff  and answered the question by saying that the question was meaningless since the 
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valuess featured in a quantity space are just labels with no quantitative significance. From 
thesee statements, we can deduce that the notion of a quantity space, being an ordered col-
lectionn of qualitative values, and the reference value zero was not completely understood 
byy the participant. 

Understandingg and using dependencies (Type 10). This category concerns the 
understandingg of the participants of the different dependencies and their correct use in 
modell  fragments and scenarios. The results show that participants often had problems 
inn understanding and using dependencies. For instance, creating an equation relating 
threee quantities, as in Ql = Q2 - Q3, proved to be a major hurdle. Participants often 
confoundedd the different types of dependencies and how they could be specified. The 
followingg protocols illustrate some of the problems encountered: 

P1:: T h e flow is directly proportional to the Pressure difference... 
II guess so... 
II want to have... 
proportionality... . 
no... . 
inequality... . 
equal --
nott really equal but... 
qualitativelyy equal I guess... 

P2:: We have a flow that has a plus (i.e. positive) influence ... 
maybee it would be nice to create another model fragment to define the negative 
influence... . 
butt is might be good to do it here, since here i have the difference between 
thee one with the most and the one with the least amount of liquid. 

P2:: So I can say that this value [Flow: plus] has a relationship with the amount of 
liquid. . 

Understandingg the organisation of Model Fragments and Scenarios (Type 11). This 
itemm is concerned with the participants' understanding of the different types of knowledge 
andd how they can be specified within model fragments and scenarios. 

Forr instance, one of the participants did not know that derivatives, influences and pro-
portionalitiess could only be used within model fragments. At a later stage of the model 
buildingg process, the participant did not know how to start to include knowledge into the 
modell  fragment and was puzzled by the existence of the Conditions and Consequences 
menuu options. Once again, the participant's unfamiliarity with the concepts of "Condi-
tions""  and "Consequences" was noted. Furthermore, after having added some correct 
modell  ingredients to the model fragment, the participant still demonstrated that he had 
nott totally grasped the concepts. 

Whenn initiating the scenario construction, one of the participants wanted to include a 
modell  fragment into the scenario. He wanted to reuse the notion of a U-Tube, which had 
beenn created using the Model Fragment Builder, inside the scenario. 
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Understandingg the differences between generic knowledge and instantiated knowl-
edgee and knowing when to apply either  (Type 12). This category concerns the partic-
ipants**  understanding of the difference between: 

•• Generic knowledge, which in the GARP ontology includes the entities of the isa-
hierarchy,, configurations, quantities, quantity spaces and model fragments. 

•• Instantiated knowledge, categorising instances of generic knowledge used in model 
scenarioss in order to express a specific situation. 

Thee following examples illustrate situations where participants confused the two con
cepts.. When creating a quantity, the user is presented with the list of available generic 
quantityy spaces from which a specific one must be selected and assigned to the quantity. 
Nonee of the participants seemed to have grasped this concept. Similarly, when adding a 
quantityy to a model fragment, either the quantity and its quantity space must be selected 
fromm the sublist of quantity spaces allowed for that quantity since a quantity may have 
moree than one quantity space. One participant had serious difficulties in understanding 
thee 'list' of generic quantity spaces and remarkably committed the error of not selecting 
itt four times. 

AA participant asked if the names of the model ingredients pertaining to the scenario 
shouldd match those given to ingredients of the model fragments. This confusion de
notess that the participant was not aware of the difference between the knowledge used in 
modell fragments and scenarios. Model fragments represent generic knowledge whereas 
scenarioss contain instantiated knowledge and therefore the names given to the instances 
aree irrelevant as long as their classes are matched with the ones of the corresponding 
modell fragment. Also, the fact that the participant was thinking of the consequences of a 
scenario,, whereas consequences are a term used exclusively in the context of model frag
ments,, proves that the participant was confused about the conceptual differences between 
aa scenario and a model fragment. 

Nott  knowing how to specify values (Type 13). This concerns the participants' un-
awarenesss of the role of defining initial values especially in scenarios. Only two of the 
participantss realised that initial values of quantities should be specified in the scenario in 
orderr to have a starting point for the simulation. 

Decidingg upon which values to include in a quantity space (Type 14). This item 
referss to the optimal definition of values for expressing the change of behaviour of 
quantities.. One of the participants demonstrated uncertainty as to the definition of values 
forr the quantity spaces. 

P3:: 1 think they [the values of the QS] can be zero and plus. 
II am not sure if I need much more e 
Lefss do it.[When creating a quantity space, the participant added another point max] 
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Attribute-Configuratio nn confusion (Type 15). This category focusses on the concep-
tuall  misunderstanding as to the correct use of attributes and configurations. One of the 
participantss created an attribute called connected with the values from and to, whereas he 
meantt a structural relation between two entities. In fact, attributes refer to static features 
off  one and only one entity and, in this case, the participant wanted to establish a relation 
betweenn two entities, a pipe and a container, in which case the participant should have 
usedd a configuration. 
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Figuree 3.15 
Numberr of errors classified by type. 

Overvieww of the results on model building activities 

Thee chart shown in Figure 3.15 illustrates the occurrence of errors categorised according 
too the types mentioned in the previous section. Analysing it, we noticed that errors of 
typess 10, 11 and 12 occur significantly more often than the rest. This came not as surprise 
becausee we knew that understanding dependencies (type 10) and model fragments and 
scenarioss (type 11) are in fact difficult concepts to grasp. The occurrence of the enormous 
numberr of errors in type 12 may be explained by the fact that the participants did not have 
thee conceptual understanding of reusability. Therefore the participants did not differenti-
atee between the notion of generic knowledge, that could be used in other situations, and 
instantiatedd knowledge, which is used for specific situations. Apparently, the participants 
weree only thinking about the given assignment and thus, the conceptual mismatch. 

Below,, we analyse the various types of faults and try to determine the commonn nature 
off  the problems which lead to them. The goal of this analysis is to establish the connection 
betweenn the problems encountered and their causes, relating them to the various stages 
off  the model building process. The model building cycle may be shortly summarised 
ass follows: Firstly, we need to have some knowledge about the system we are going 

- l l l l.-l-lllLi I I 
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too model; secondly, we need to organise this knowledge in order to form the model; 
thirdly,, in order to organise the knowledge, we must understand the ontology available 
forr building models; and finally we must master a software program and its respective 
userr interface in order to be able to represent that knowledge using the given ontology in 
aa form which may later be used for simulation. 

Lookingg at the types of errors committed by the participants and taking into account 
thatt the modeller must master all four stages of the above-mentioned model building 
processs in order to successfully construct a model, one may cluster the fifteen types of 
problemss mentioned in Section 3.5.3 into four groups. Each group captures a typical 
aspectt of the model building process. 

1.. Scoping the Model: Identification of the knowledge relevant for modelling the 
systemm at hand. This category is mainly related to the definition of a canonic set of 
genericgeneric system knowledge elements. For example, which quantities are fundamen-
tall  to capture the relation between the flow of a liquid and the pressure difference. 

2.. Structurin g the Model: Organisation of the model into a working simulation 
modell  which can be used to predict the system's behaviour. This step is quite 
critical.. It reflects the participant's view of how to represent the system. In this cat-
egoryy the modeller's abstraction capabilities and her/his strive towards promoting 
reusabilityy plays a central role. For instance, it is always possible to define a model 
usingg only one flat model fragment. However, for complex models it proves to be 
moree effective to compose them of several elementary model fragments which may 
bee frequently reused. 

3.. Understanding the Model Building Concepts: Understanding and knowing how 
too use the ontology for building simulation models. For instance, understanding 
thee difference between attributes and quantities, inequalities and proportionalities, 
genericc and instantiated knowledge. 

4.. Representing the Model: Representing the model of a system model using the 
availablee model building tool. This category represents the technical part of the 
modell  building process, where the user must get acquainted with some software tool 
inn order to describe her/his ideas in a form which may later be used for simulation. 
Fromm the protocols we can deduce, for instance, that sometimes the participants 
kneww what they intended to model but they did not find out how to do it using 
HOMER. . 

Tablee 3.5 shows the relation between the types of errors and their relation to the above-
mentionedd categories. Notice that some types of errors belong to more than one category, 
whichh is indicative of the fact that more than one cause may be at a problem's origin. For 
instance,, for errors of Type 10, Understanding and using dependencies, two categories 
mayy apply. The user may be confusing the notions of influences and proportionalities in 
whichh case we are dealing with a problem in understanding a model building concept. 
Butt the user may perfectly master the ontology (e.g. A = B + C) and not know how to 
expresss it using the given software environment. In the latter case we have a representation 
problem. . 
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typess Description 

11 Understanding and using the concept isa 
22 Deciding upon which quantities to define 
33 Understanding the relation between Quantity and Quantity 

Space e 
44 Understanding a Model Fragment Type and its implications 

55 Deciding upon structural decomposition 
66 Deciding upon which behavior to assign to which entity 
77 Understanding and using the notion of configuration 

88 Attribute and Quantity confusion 
99 Understanding Quantity Space definition 
100 Understanding and using dependencies 

111 Understanding Model Fragment (and Scenario) organization 

122 Understanding the differences and use of generic (types) versus 
instancee (user given name) knowledge 

133 Not knowing how to specify values 
144 Deciding upon which values to include in a quantity space 
155 Attribute-Configuration confusion 

Categories s 

Modell  Building Concept 
Scopingg the Model 

Modell  Building Concept 

Structuringg the Model 
Modell  Building Concept 
Structuringg the Model 
Structuringg the Model 

Modell  Building Concept 
Representingg the Model 
Modell  Building Concept 
Modell  Building Concept 
Modell  Building Concept 
Representingg the Model 

Modell  Building Concept 
Structuringg the Model 

Representingg the Model 
Modell  Building Concept 

Modell  Building Concept 
Scopingg the Model 

Modell  Building Concept 

Tablee 3.5 
Relationn between types and categories. 

3.66 Summary and Concluding Remarks 

Inn this chapter, we discussed an experiment with a modelling environment for building 
qualitativee models of systems and their behaviour, called HOMER. A short summary of 
thee results is given below. 

1.. Task Analysis 
Thee experimental results were satisfactory for validating the task analysis. The 
implicitt task execution sequence of the environment, which is an implementation 
off  the rational task analysis presented in Chapter 2, was generally followed by the 
users.. An exception occurred with the creation of quantity spaces, which, contrary 
too the task analysis, was not seen as an independent task. A possible explanation for 
thiss deviation within HOMER could be the location of the Quantity Space builder 
buttonn on the main window. Since it is located to the right of the Quantity builder 
button,, the environment intuitively suggests that the quantity space is to be built 
afterr the quantity. This is so, because people may think of information flowing from 
leftt to right and since the existence of quantity space is a pre-condition to creating 
aa Quantity, the Quantity Space Builder button could better have been placed to the 
leftt of the Quantity Builder button. 

Thee experimental results also indicate that making drawings in order to get a clearer 
picturee of one's model should be a task supported by the environment. 
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Figuree 3.16 
Participants'' errors within the defined categories. 

Anotherr interesting aspect was the fact that subjects were constantly constructing 
mentall models of the behaviour of the system. Somehow, this suggests that the 
environmentt should support a causal model view (builder), reflecting the state of 
thee model thus far constructed. 

2.. User Interface 
Too account for the usability issues of the environment the heuristic evaluation 
methodd was applied. The results of Section 3.5.2, show that a number of usabil
ityy problems were encountered which should be eliminated in a future version. Is
suess regarding the functionality of the user interface should get special attention. 
Forr instance, the participants of the experiment did not like the way in which they 
weree supposed to model a scenario. They suggested that the composition of a sce
narioo should better be done by selecting previously created model ingredients. Still 
consideringg functionality, the way in which the interface allows the user to access 
builderss from within builders on the one hand seems to be useful. On the other 
hand,, the environment does not prevent the user from getting lost within the degree 
off nesting resulting from that flexibility. This flexibility might therefore better not 
bee implemented, as in practice it brings with it more problems than benefits. 

3.. Model Building Activities 
Fromm the results of the experiment a number of problems related to the process of 
buildingg qualitative models were evident. These problems were categorised into 
fourr main classes, according to the stage in which they occurred within the model 
buildingg cycle: 

•• scoping the model, 

•• structuring the model, 

•• understanding the model building concepts and 
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•• representing the model. 

Withinn these four categories, problems caused by failure to understand the model 
buildingg concepts were remarkably the most frequent ones. This result may be ex
plainedd as follows: Firstly, this category reflects the understanding of the user of the 
rolee of each ontological primitive. These may sometimes be unclear for novices, es
peciallyy when regarding the use of the different kinds of dependencies. Secondly, 
thee environment forces the user to make a clear distinction between generic and 
instantiatedd knowledge. It was frequently noticed that users had difficulties in dif
ferentiatingg the two. 

Qualitativee analysis of system behaviour is an important aspect of science. HOMER 
iss a tool that enables users to create qualitative models and thereby develop abilities con
cerningg conceptual analysis of system behaviour. However, constructing such models is a 
difficultt task and additional support is needed in order to have users effectively use tools 
suchh as HOMER. The results gained with the experiment are taken into account in the 
designn of a new modelling environment presented in the next chapters. 



4 4 

Enablingg Support in Building Models 

—— — 
Thiss chapter introduces an approach to support the model building pro-
cess.. It starts with a short review of learning environments that turn out 
too have important similarities with HOMER. These systems are anal-
ysedd and compared to HOMER, particularly with respect to the prob-
lemss encountered by the subjects while constructing their models (as 
describedd in Chapter 3). This results in a set of lessons learned: a set of 
guideliness on how to design a help system as part of an environment for 
supportingg the entire model building process. 

4.11 Introductio n 

Ass the complexity of software applications increases and computers are being used by all 
kindss of individuals, the provision of online help1 is becoming crucial. Computer users 
expectt to be able to use an application with minimal or no training at all, and without 
havingg any specialised computer background [68]. These increased user expectations can 
nott be fulfilled by improving only the interface of the systems. In spite of the positive 
impactt on usability that the focus on friendly interfaces may produce, additional help is 
requiredd [39]. 

Thee experiment with HOMER, described in Chapter 3, showed that users of a model 
buildingg environment need help with accomplishing their tasks, even when they already 
possesss some prior knowledge in building models. In fact, the results of the experiment 
gavee us an indication of the typical problems and misconceptions users have. In this chap-
terr these results are used as input for designing the needed help system for an environment 
thatt supports the construction of qualitative models. 

Wee will look at some of the fundamental issues which are relevant when providing 
helpp to users. To do so, Section 4.2 describes a set of selected related systems. Section 
4.33 presents the lessons learned with the analysed systems relating to the Graphical User 
Interfacee (GUI). Techniques currently being employed as well as ongoing research efforts 
towardss the deployment of efficient help systems will be presented in Section 4.4. Section 

11 In this Chapter we consider user support, and use the terms assistance, online help, and help inter-
changeably. . 
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4.55 discusses how the different forms of feedback given by the selected systems can be in-
corporatedd in our design of a support module. Finally, Section 4.7 presents and discusses 
thee approach taken within the scope of this research project. 

4.22 Related Educational Software 

Wee now consider different ways in which user support can be provided. A good computer-
basedd support system must aid users in solving problems and at the same time be ready to 
educatee them whenever suitable without letting them drift too far away from their concrete 
taskss [20]. Without the intention to be exhaustive, we will try to learn from the most 
successfull  features in existing support systems in order to design the most adequate one 
forr our model building environment. For that purpose, several software packages, mainly 
usedd in educational settings, are analysed. In order to put our analysis into perspective we 
startt by classifying existing educational software systems into four broad categories: 

Designn Environments Design environments are systems that invariably provide the 
userr with pre-defined building blocks which may be used to build models of real-
worldd systems. A typical example of such a system is CyclePad [46], an environ-
mentt for designing thermodynamics cycles. 

Predefinedd simulations These systems have in common that simulations are not cre-
atedd by the learners. Learners can therefore only interact with a pre-defined sim-
ulation.. An example of such a system is SimQuest [72], an authoring system for 
creatingg simulation-based learning environments [33]. 

Intelligentt  lutorin g Systems Intelligent tutoring systems (ITSs) aim at providing stu-
dentss with individualised feedback based on an analysis of the user's behaviour. 
Oftenn AI techniques are used to provide such feedback. The Star-Light prototype 
systemm [36] is an example of an ITS. 

Softwaree Agents Systems based on software agents usually provide personalised sup-
port.. However, in the present context, our main interest in considering agents is due 
too their way of interacting with users, e.g. by means of personified and animated 
characters.. Adele [64] is an example of a software agent that includes a personified 
andd animated character. 

Specificc applications may belong to more than one of these categories. The purpose 
off  the above classification is to help us focus on specific aspects of user support in order 
too understand in what ways particular features could be considered in the design of our 
ownn support system. In what follows, we further explore the categories defined above. 

4.2.11 Design environments 

Designn environments provide pre-defined building blocks and as such offer users, pro-
fessionalss and students alike, the opportunity to practice science/engineering while at the 
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samee time being valuable low-cost tools for learning in safe environments. Design activ-
itiess are cognitively demanding and the provision of support in such environments may 
grantt students a smoother access to the complex world of computer-aided design. There 
aree several examples of software that is useful for design work. These include: CAD 
systemss that are now prevalent and indispensable to professional engineers; simulation 
packagess such as MatLab and SimuLink that allow engineers to build and simulate dy-
namicc system models; interactive games such as SimCity that allow users to explore the 
workingss of virtual worlds they built themselves; and model building software such as 
STELLAA [79], Model-It [62], and CyclePad [46]. Of these last three, the former two 
alloww pre-college students to build models of natural phenomena while the latter teaches 
thermodynamicc principles by allowing students to build models of thermodynamic cycles. 
Eachh one of the above-mentioned design environments has proven its value in making de-
signn activities more accessible to its users. 

Wee have selected STELLA and CyclePad for further analysis as their application and 
targett users are the ones most closely related to HOMER. 

STELLA A 

STELLAA is a computer simulation program which provides a framework and a graphical 
interfacee for model construction and simulation using the system dynamics methodol-
ogyogy [47]. Examples of dynamic systems modelled with STELLA are processes such as 
growth,, death, infiltration, evaporation, etc. The STELLA environment consists of three 
windowss called levels: the MAP/Model level, the Interface level and the Equation level. 
Modelss are created in the Map/Model level by means of an icon-based language. The 
Interfacee level can be set up to provide an easy way to manipulate the options and pa-
rameterss of the model. At the Equation level one can access the equations automatically 
generatedd by the system while the user was building the model. Normally the user does 
nott need to work at this level because STELLA translates the graphical representation of 
thee model created by the user into an underlying set of mathematical equations and thus 
easess the efforts of the user. STELLA provides multiple representations of the simula-
tionn results, such as diagrammatic animations when the simulation is running, charts over 
time,, tables of numeric values and numeric displays thereby facilitating considerably the 
interpretationn of the numerical data. 

Thee icon-based language consists of four building blocks, namely stocks, flows, con-
vertersverters and connectors. Stocks, represented by a rectangular icon, stand for stuff that 
accumulates.. Both physical and non-physical objects may be modelled as stock. Flows, 
representedd by a thick arrow with an attached circle, stand for actions. They fil l and 
drainn stocks. Examples of stocks are: water in a cloud, body weight, and anger. The as-
sociatedd flows may respectively be: evaporating/precipitating, gaining/losing, and build-
ing/venting.. A flow can be connected between two stocks, and a stock can be connected 
too one or more flows. A circular causal connection that begins at a certain stock, runs 
throughh flows to other stocks and then returns to the same stock is called a 'feedback 
loop',, thus a change in one stock affects another stock over time,, which in turn affects the 
originall  stock. This brings us to the function of the remaining two modelling primitives, 
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converters,converters, represented by circles, and connectors, represented by thin arrows. Conver-
terss either affect the rate of flow or the contents of another converter. Connectors indicate 
thatt changes in one thing affect the changes in another thing. Connectors never point to a 
stock;; only flows change stocks. Considerer a simplistic model of the population growth 
ass depicted in Figure 4.1 . The Birth Rate, a converter, is directly related to the size of 
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Figuree 4.1 
Simplee Stella Model of the Population Growth. 

thee population, a stock, and so is the Death Rate. Thus, information about the current 
sizee of the population (the arrows represent connectors) must be conveyed to the rates of 
birthss and deaths. Whether the population level tends to rise or fall depends on the relative 
valuess of the Birth and Death rates. 

CyclePad d 

CyclePadd attempts to help engineering undergraduates to learn the important principles of 
thermodynamics.. It provides a conceptual CAD environment where students can design 
andd analyse power plants, refrigerators, and other systems involving thermodynamic cy-
cles.. The system is based on existing AI techniques. It uses: "compositional modelling to 
representt and reason with modelling assumptions, qualitative representations to express 
thee intuitive knowledge of physics needed to detect impossible designs, truth maintenance 
too provide the basis for explanations, and constraint reasoning and propagation to provide 
efficientt mathematical reasoning" [46]. 

CyclePadd provides a predefined library of components represented by a set of icons 
(compressors,, turbines, pumps, heat exchangers, and so forth), from which the user has to 
selectt the ones relevant to the situation (scenario) for which a model has to be constructed. 
CyclePadd works in two phases, build mode and analyse mode. In the first phase (build), 
studentss use a graphical editor to place components and connect them. Figure 4.2 depicts 
suchh a structure. In the second phase, the analysis mode, the working fluid and modelling 
off  the components are specified, and numerical values for the properties of components 
aree then entered by the user. As soon as this information is provided, all performance 
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Figuree 4.2 
CyclePadd User Interface. 

characteristicss of the system are displayed. At any point questions can be asked by click-
ingg on an item to obtain the set of questions (or commands) that make sense for that item. 
Remodellingg the current model may be necessary when the behavioural simulation does 
nott produce the desired results. 

4.2.22 Predefined Simulations 

Usingg Predefined Simulations is probably the most common approach to simulation-based 
learningg (e.g. ITSIE [103], and SimQuest [72]). Systems that employ predefined simula-
tionss have in common that the simulation is not created by the learner. Instead, the model 
iss built by the developers of the interactive simulation and the learner can merely inter-
actt with the prefabricated simulation. This interaction can take many specific forms (see 
e.g.. [31]), such as answering predictive questions, controlling the simulation (as in a flight 
simulator),, setting up experiments and discovering what happens, finding explanations for 
observedd behaviours, and many more. The idea is that by interacting with the simulation, 
possiblyy taking into account a set of assignments, a learner will eventually understand the 
behaviourall  insights captured by the simulation and thus understand (at least partly) the 
reall  behaviour of the system. In the following we discuss the systems ITSIE, SimQuest 
andd Co-Lab which encompass rich manners of providing support. 

ITSI E E 

ITSIEE (Intelligent Training Systems in Industrial Environments) is a learning environment 
basedd on multiple qualitative and quantitative models. In this system, simulations can 
bee used in two modes: free exploration and apprenticeship. The authors claim that the 
advantagee of this approach "is that it enables the teaching of multiple models of a physical 



84 4 CHAPTERCHAPTER 4. ENABLING SUPPORT EV B UILDING MODELS 

system,, teaching not only the models themselves, but also their strengths and limitations 
andd how each can serve a different purpose during problem-solving" [103]. 

Thee simulations in ITSIE are required to be ones in which users such as engineering 
studentss can interactively control and observe the resulting behaviour. The interaction 
betweenn the learner and the simulation is made up of a combination of case reviews, the 
manipulationn and observation of the behaviour of the system using a variety of models, 
andd browsing through a collection of provided instructional material. The instructional 
materiall  can either be browsed by the learner directly or an instructor can guide the student 
inn their use. 

SimQuest t 

SimQuestt is an authoring system for designing and creating simulation-based learning 
environmentss [33], in which simulation models form the core of the learning environment. 
Thiss authoring environment is designed to support experts in building applications and 
thuss it is not a modelling environment to "learn by building models". Therefore, we do 
nott consider the authoring task in this analysis. 

Learnerss interact with the model created by an expert, usually a teacher, through an 
interfacee also created by that expert. The interaction usually consists of changing values, 
forr example by moving sliders, clicking on radio button, setting dials, etc. The interface 
directlyy reflects the behaviour of the model in response to these changes by means of 
graphs,, dials, thermometers, etc. Figure 4.3 shows a screenshot of an example system. 
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Figuree 4.3 
SimQuest:: Example of a Learner interface. 
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Co-Lab b 

Co-Labb provides a Web-based environment for collaborative inquiry learning [98]. The 
systemm is designed for learning natural sciences at the upper secondary level and the first 
yearss of university. At the time of writing of this thesis, four domains were available: 
waterr management, the greenhouse effect, mechanics and electricity. Co-Lab is designed 
onn the basis of a "building" metaphor. Within each building there are floors and rooms. 
Eachh floor implies a different level of difficulty. On each floor students have access to four 
roomss (Hall, Theory, Meeting, and Lab) which correspond to the processes of exploration, 
hypothesiss generation, experimentation, and evaluation, respectively. Each of the rooms 
hass specific tools which students use to conduct different aspects of their inquiry. 

Likee in SimQuest, there are two groups of users of the Co-Lab environment. The first 
groupp are learners, who interact with the experimental space by working on tasks assigned 
too them by a teacher. The learners collaborate on experiments, create models and explain 
thee events in the experimental space. The second group are authors, typically teachers and 
instructionall  designers, who configure the environment to be used by learners. However, 
thee tools addressing the latter are designed for expert users and not for learners who learn 
byy building models. Hence, this modelling environment is not further discussed here. 

4.2.33 Intelligent Tutorin g systems 

Accordingg to Halff [55] a tutoring system must exhibit the following three characteristics. 
Itt must exercise some control over the curriculum, that is, the selection and sequencing of 
materiall  to be presented. The system must be able to respond to questions of the students 
aboutt the subject matter. The system must be able to determine when students need help 
inn the course of practicing a skill and what sort of help is needed. Furthermore, in order to 
bee intelligent the system should be knowledgeable about the subject matter (or domain) 
too be able to make inferences or solve problems related to the domain, and additionally 
itt should be able to diagnose the knowledge of the students and cognitive characteristics. 
Furthermore,, it should also include knowledge about teaching strategies. 

Beloww we discuss three ITS systems: Andes [115, 53], EUROHELP [20] and STAR-
Lightt [37]. Each of these systems employs different approaches to interacting with users. 

Andes s 

Andess is an intelligent tutor that allows students to solve Newtonian physics-related prob-
lemss in an environment that provides "visualisation, immediate feedback, and procedural 
andd conceptual help" [115, 53]. A Graphical User Interface (GUI) supports the student 
inn making drawings that represent the problem to be solved. Within this GUI, the student 
mayy also define variables, enter the relevant equations and obtain the respective numerical 
solutions.. The interface provides a set of icons that can be used to construct free-body and 
motionn diagrams. Vector quantities and variables are also represented iconically. The en-
vironmentt includes provision of help for the solution to the problem at hand if requested 
byy the user. 
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Thee graphical user interface is divided into three areas, Figure 4.4: a pane contain-
ingg the problem's textual statement and a drawing illustrating it (students are allowed to 
complementt this drawing); another pane (top right pane) showing the defined variables; 
andd finally a pane for the students to enter their equations (bottom right pane). To interact 
withh the help system, the user has to click on the respective help button. A dialog box 
featuringg hyperlinks for accessing further explanations is then displayed. 

Figuree 4.4 
Thee Andes System. 

EUROHEL P P 

EUROHELPP [20] is a shell for building intelligent help for software applications. Using 
thee available tools and following a denned methodology, designers of Help Systems can 
feedd the shell with information about a specific application for which a help system needs 
too be created, for example a text editor, a database system or a graphics program. 

Onee of the prototypes implemented in the context of the EUROHELP project was help 
forr the UNIX e-mail program. There, the interactions with the user were of a known and 
straightforwardd nature. It used natural language dialogue facilities and provided support 
inn automatically generated natural language. User interaction was effected via command 
line. . 

STAR-light t 

Thee STAR-light system is a prototype implementation of the STAR2 framework [37]. 
Thee STAR-Light prototype applies model-based reasoning to the design of educational 

2Systemm for Teaching About Reasoning. 
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software.. The interface of the prototype consists of displaying pictures of the behavioural 
statess of a system, presenting multiple-choice questions and providing explanations when-
everr a wrong answer was detected or the so-called 'give me hint' button was pressed. 
Thee interaction with the system is individualised since the program builds a model of the 
learnerr and compares it to a normative model for the subject matter domain. It implements 
aa question generator and an explanation generator, producing questions and explanations 
aboutt the behaviour of some (physical) system, and is used to interact intelligently with 
aa learner. Whenever the behaviour deviates from the norm, the software develops an ap-
propriatee diagnosis and applies an appropriate pedagogical intervention, which takes the 
formm of presenting new questions to the learners. 

4.2.44 Software Agents 

Agentss are ideally suited for hiding the complexity of difficult tasks and performing 
inessential,, laborious tasks on behalf of the user [78]. They may additionally be used 
too train or teach users, help different users collaborate, and monitor events and proce-
duress [78]. A variety of software agents has been developed to assist users. The set of 
taskss or applications an agent can assist the user with is virtually unlimited: automating 
desktopp tasks [58], mail management, meeting scheduling, selection of books, movies, 
music,, and other forms of entertainment [78], electronic commerce [41], information fil -
teringg and information retrieval [23, 107, 76, 86], virtual environments [64], computer 
gamess [112], and interactive learning environments [12]. 

Thee original conception of an intelligent agent was something like a personal butler 
orr assistant [82] and many research programs implemented agents with those capacities 
forr the purpose of assisting in learning. However, researchers claim that in order for an 
agentt to be an effective mentor for learning, it should include other main requirements, 
suchh as, regulated intelligence and the existence of a persona [9, 60]. Below we focus 
onn the personified aspect of agent technology for use in ILE3. In what follows, different 
approachess in the employment of software agents are briefly presented using representa-
tivee systems as examples. The first two example systems use non-animated characters for 
interactingg with users. The first one of these, Betty's brain [12, 74], presents one main 
characterr providing support. The second one, SCI-WISE [102], uses a set of different 
characters,, each one supporting specific tasks according to its expertise. Finally, Adele 
[101],, an additional example of an agent system, is presented which has the characteristic 
off  interacting with users by means of an animated agent. 

Betty'ss Brain 

Betty'ss Brain [12,74] is a learning-by teaching environment. In this kind of environment, 
authorss use Al-techniques to create teachable agents, and it is the responsibility of the stu-
dentss to teach the agent. Thus the teachable agent has no automated learning algorithms 
builtt into its learning process, it needs explicit instructions to perform well. In Betty's 

3Noticee that aspects about contents or intelligence are addressed in the two previous sections of this 
chapter. . 
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brainn the task of students consists of teaching the computer agent Betty by building a 
conceptt map that models relations between domain concepts. The relations can be causal, 
hierarchicall  or property links between the entities that represent the domain. The primary 
componentt of the agent is its decision-maker. It incorporates the qualitative reasoning 
mechanismss for generating answers to queries from the concept map structure, as well as 
schemess that implement strategies governing the dialog process with the user. Students 
usee a graphical drag and drop interface to create and modify their concept maps in the top 
panee of the application's window. Students can query Betty at any time using an Ask but-
ton.ton. She will then provide an explanation of how her answers were derived by depicting 
thee derivation process using one or more of multiple possible modalities: text, animation 
orr speech. Figure 4.5 illustrates the interface of Betty's Brain. 

Figuree 4.5 
Betty'ss Brain Interface. 

Ass part of the teaching process, students can query and quiz Betty to assess her under-
standingg based on what she has been taught. Students ask her two types of questions: (i) 
"Whatt happens to <concept A> when <concept B> increases/decreases?" and (ii) "Tell 
mee about <concept A>" . Betty answers questions by employing a qualitative reasoning 
mechanism,, and explains her answers verbally and by using animations. The qualitative 
modellingg framework uses qualitative mathematics, with tables for composing discrete 
valuess to provide to the qualitative simulator. 
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ThinkerTool ss SCI-WISE 

Thee SCI-WISE system [102] incorporates a whole community of agents that give strategic 
advicee and guide middle school students in the process of acquiring inquiry skills and 
"reflective,, meta-scientific ability to build general theories of the inquiry process and 
learningg in general" [119]. Each agent has particular areas of expertise, with general-
purposee agents such as "Ingrid the Inventor", or task-specific agents such as "Quincy 
thee Questioner" or "Helena the Hypothesiser". The system supports inquiry learning by 
askingg a student to explicitly state the purpose of each action and provide a justification 
forr it. Each agent's expertise is packaged as space of HTML documents, some of which 
cann be "activated" by a production system contained within the agents. The advisors 
havee general domain knowledge. For example, the domain of the Questioner advisor is 
researchh questions, such as criteria, strategies, examples, concepts and referrals to other 
advisors.. An example of a criterion is What makes a good research question?, that of a 
strategyy is How do we come up with a good research question? Furthermore, the advice 
iss contextual. This means that to give advice, the advisor looks at the task that the student 
iss working on and the reasoning engine, which is rule-driven, establishes beliefs about 
whichh advice or message is appropriate. 

Thee student develops his/her own theory of scientific inquiry by modifying the agents 
soo that they reflect the student's beliefs. To do so, the system includes a suite of graphical 
toolss to assist in such modifications. The interface is structured around a tabbed pane 
interface,, to which the agents can add sections and pages. The pages mostly contain text 
areass for the user to type into, but they may contain tables and lists of text as well. 

Studentss work in a GUI, called Research Notebook which has a page for each step in 
thee Inquiry Cycle. Each page has several workspaces, each of which typically corresponds 
too one step in the plan that is recommended by the advisor who governs that page. In the 
Researchh Notebook students develop their research question, generate hypotheses, design 
ann investigation, record and analyse their data, create models, and evaluate the utility and 
limitationss of their models as well as their research processes. 

Adele e 

Adelee [101] supports medical students in achieving clinical skills. The agent, Adele, is a 
representationn of a doctor that assists the user of a Web-based medical simulation envi-
ronment.. In a typical session of Adele students are presented with a computer simulation 
off  a clinical problem. They are able to examine the simulated patient, ask relevant ques-
tions,, order and interpret diagnostic tests, and make diagnoses or create treatment plans. 
Figuree 4.6 shows an example of a student session. The agent is able to monitor the pro-
gressionn of the user in solving problems, gives feedback and evaluates the performance 
off  its users. Adele can suggest on-line medical resources that are relevant at the current 
stagee of the case work-up. For example, when a student selects a diagnostic procedure 
too perform on the simulated patient, Adele may point the student to video clips showing 
howw the procedure is performed. 
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Figuree 4.6 
Adele'ss User Interface. 

4.33 Lessons learned regarding interface and interaction design 

Thee analysis of the system categories described above revealed a number of Graphical 
Userr Interface (GUI) features that make their use more effective. 

Inn an educational context a GUI may provide additional assistance by taking over cer-
tainn routine parts of the problem-solving task or by making a task seem more manageable 
merelyy through an improved visual presentation. In fact, when properly implemented, 
thiss may lead students to concentrate more on the high-level structure of the task without 
beingg overwhelmed by the often uninteresting details [22]. This will lead to the ultimate 
goall  of a more efficient learning curve. 

Inn what follows, we will pinpoint those GUI features on a per category basis, compare 
theirr settings with the HOMER environment and finally try to define how they can be 
includedd in the design of a support module for a new model-building environment. 

4.3.11 Design Environments 

Mostt of the systems studied in the above presented design environments are part of uni-
versityy curricula and as such chances are high that the typical users are already familiar 
withh the employed vocabulary, which facilitates the implementation of the model-building 
task.. Therefore, these software packages are incremental aids intended to complement the 
teacher'ss classroom work. 

Inn HOMER this is not the case. Except maybe for courses in Artificial Intelligence, 
Qualitativee Reasoning is often not part of any standard curriculum. In the particular case 
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off  the experiment performed during the course of this project (see Chapter 3), the em-
ployedd iconic language and its meaning as well as the underlying domain were new to the 
testedd subjects. Using HOMER thus requires users to either previously learn the HOMER 
vocabularyy or learn it while using the tool. As a result, in order to address the lack of prior 
knowledge,, an improved version of our QR workbench should incorporate the necessary 
onlinee help to explain concepts concerning QR as well as provide assistance related to 
thee use of the tool itself, e.g. the meanings of icons and the necessary sequential steps 
forr building models. Models in CyclePad are assembled from predefined parts, which are 
representedd by icons that are directly associated to their real world counterparts. This is 
ann advantage, however it is restricted to the specific domain of thermodynamics. Further-
more,, the students learn about the real world components before they use the software. 
Wee have chosen to develop a domain-independent environment thus the icons employed 
aree general ones and in principle students cannot immediately associate the underlying 
conceptss with their visual representations. 

Twoo main features of the user interface design of STELLA that we believe will be an 
addedd value in the design of our new tool are the provision of multiple representations of 
thee simulation results and the integration into one system of the model construction and 
simulationn parts. HOMER does not include the latter and as such, if the user wants to 
runn a simulation of a model, the user needs to export the model, open it in the simulator, 
whichh is a separate program, and start the simulation. The simulation outcomes play an 
importantt role in the learning process. They provide feedback to the modelling activi-
ties.. For the modelling task to be more meaningful, thus, the new implementation of our 
model-buildingg environment should also integrate the simulation aspect thereby linking 
thee simulation to the model. 

CyclePad'ss interface clearly distinguishes two phases of the user task, namely the 
buildd and the analyse phase. Users are always made aware of the currently active phase. 
Itt is quite important to have these clearly delimited phases. During the evaluation of 
HOMER,, subjects encountered problems in terms of the logic of the different stages of 
thee model building process. For instance, building a scenario was too similar to the task of 
buildingg a model fragment. To alleviate this problem, the interface should be designed so 
ass to support a clear distinction between the different steps composing the model building 
process. . 

4.3.22 Predefined Simulations 

Whenn using predefined simulations the task of the learner is facilitated by the fact that 
theree is no need to learn a new language either to interact with the simulation or to interpret 
thee simulation results (shown using traditional means) as is the case in our approach. 
Fromm mis point of view, when comparing these systems to HOMER it is clear why the 
latterr is more difficult to learn. This is a problem that needs to be addressed by providing 
adequatee support. 

Al ll  known applications created with SimQuest use drawings to illustrate some part 
off  the assignment. Research shows that providing this type of external representation 
facilitatess cognitive tasks such as problem solving, reasoning, and decision making. They 
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providee information that can be perceived directly and can be used to anchor cognitive 
behaviourr [121]. 

Duringg the experiment with HOMER, subjects spontaneously made their own draw-
ingss on a piece of paper, sketching the problem to be modelled. In fact, many scientists 
usee diagrams or other forms of external visualisation to aid their thinking. Researchers 
havee proposed that diagrams have a profound effect on scientific reasoning [51]. As in 
ourr approach the user is expected to construct the whole model autonomously, it would 
bee helpful if the interface would be equipped with a drawing tool. Having a drawing tool 
insteadd of letting the modeler use pencil and paper is important because of the enhanced 
easee in manipulating drawings on screen provided by the former. 

Anotherr important feature of applications created with SimQuest is the so-called 
'monitoringg tool'. With this tool learners can store results from different simulations, 
sortt them and display them side by side to compare the results from different experi-
ments.. Similar approaches in providing overviews of actions of a learner have been used 
inn the past [92, 32, 75]. Although we do not intend to implement a similar feature in our 
neww design it is an interesting one to keep in mind for future research. 

Fromm Co-Lab an interesting feature is the implementation of collaborative work. Stu-
dentss work on shared information and also have access to a chat tool. Indeed Computer-
SupportedSupported Collaborative Learning (CSCL) is a well established paradigm of educational 
technologyy and several research topics have emerged in the context of CSCL [38,69, 87]. 
Havingg such a feature in a model building environment would enable modelers at different 
physicall  locations to work together on model construction and simulation. 

4.3.33 Intelligent Tutorin g Systems 

Off  the three ITS example systems presented above, the only one we will analyse here 
regardingg GUI design is Andes as it is the only one the employs a graphical user interface. 
Iconss in Andes are used for drawing traditional diagrams that are also typically used in text 
books,, for instance motion diagrams. These are familiar to most students and therefore no 
neww iconic language needs to be learned. Similar to what was suggested in the discussion 
onn the Design Environments we will need to compensate this lack of knowledge in our 
approachh by providing support regarding the modelling language used. 

Inn all of the problems proposed by Andes, the student is encouraged to make drawings 
(drawingg a body, drawing forces, drawing a coordinate system). Also, the assignment that 
iss given to the learners is part of the environment and is explicitly shown, making the 
userr constantly aware of the goal to be reached. Furthermore, for all possible actions, 
likee making drawings, defining variables to be used and entering relevant equations, users 
receivee immediate feedback in the form of their entry turning green when correct or red 
whenn incorrect. This feature prevents students from wasting time by following incorrect 
pathss in their solutions. When students request help, a dialog box with advice is displayed. 
Thesee dialog boxes contain further options and if a student wishes more specific advice 
hee can press one of the hyperlinks "explain further", "how" or "why". In HOMER, as 
inn Andes, users are prevented from constructing erroneous models and we consider it to 
bee a positive feature which should be kept. The support in making drawings is a feature 
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wee want to implement as well. Furthermore, the way that Andes presents advice to the 
studentss is simple and effective and would apply well to our improved system. Finally, 
hyperlinkss represent a useful feature that has been used frequently in online help systems 
andd we intend to implement it in the improved version of our model building environment. 

Finally,, all three ITS systems described above have several attributes related to indi-
vidualisedd user feedback which are important achievements in the area of student mod-
ellingg and therefore have a close connection to the support needed in HOMER. The issues 
off  feedback on the task of the users will be discussed in Section 4.4. 

4.3.44 Agents 

Thee approaches taken in the systems discussed in this category give us ideas on how to 
designn our support module, especially concerning the form in which help is presented to 
thee user. From SCI-WISE we learn that having different agents with specialised types 
off  skills is an interesting manner of providing highly organised support which helps the 
learnerr to stay focused. Furthermore the personification in Betty's Brain and Adele re-
inforcess the claim that the use of agents increases motivation and as a result their users 
learnn more effectively. Therefore, personification and modularity should be considered in 
thee design of our support module. 

4.44 Feedback on errors 

Withinn the scope of this thesis we are particularly interested in ways of providing help to 
userss trying to accomplish model-building tasks. For that reason, our analysis emphasises 
educationall  settings. In the previous sections we have analysed a number of selected 
systemss and looked at the interface features intended to effectively facilitate the tasks of 
thee learners. In the following paragraphs different approaches for providing user feedback 
aree discussed. We then look at how those approaches relate to the design of our support 
module,, Section 4.5. Later on Section 4.6 discusses other complementary approaches for 
supportingg the task of the users. 

4.4.11 No Feedback 

Somee of the above-mentioned systems do not include user feedback. STELLA is one 
off  those systems. It does not possess knowledge about the scientific domain it is being 
usedd to model. As such, the tool can provide littl e or no assistance to the user in making 
semantically-basedd modelling decisions - for example, decisions about which modelling 
equationss are appropriate for solving a given modelling task. Building models implicitly 
includess filling  out many technical details in terms of the underlying mathematical equa-
tions.. Certainly, providing the model building blocks and automatically extracting the 
associatedd equations already presents a great aid to the modeler. 
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4.4.22 Predefined Feedback 

Usuallyy in interactive learning systems where the user has to complete an assignment, the 
feedbackk provided on the occurrence of errors is hard-wired. For instance,, for the systems 
fallingg under the predefined simulations category (see section 4.2.2), it is mostly the case 
thatt the learner has to answer a series of (multiple-choice) questions after the completion 
off  a task. When a question is answered erroneously, an immediate, usually predefined 
formm of feedback is given. 

4.4.33 Tailored Feedback 

AA more sophisticated form of user support comes in the form of feedback tailored to 
thee specific needs of the user and/or the situation. Intelligent Help Systems, such as 
EUROHELP,, are meant to understand what tasks a user is trying to perform and then 
givee feedback accordingly. In EUROHELP, user actions are constantly monitored with 
thee intention of inferring the goal the user is trying to reach. The help system contains a 
libraryy of correct as well as incorrect and sub-optimal plans. It tries to match the sequence 
off  user actions against these plans in order to find the one that fits best. EUROHELP 
providess natural language generated help and contextual information. Furthermore, the 
userr can ask questions at any point and answers will be given in terms of the specific 
currentt context. 

Thee STAR framework, on the other hand, constructs its diagnoses using models that 
seekk to "identify those sets of primitive reasoning steps whose correct behaviour is in-
consistentt with the observations" [37]. A diagnosis is performed at the level of problem-
solvingg behaviour and thus it does not attempt to build a learner's mental fault model. 
Inn many other intelligent learning applications the diagnosis of the problem is based on 
elaborate,, detailed, and expensive "bug catalogues", which try to include all known ways 
inn which people make mistakes in a given domain, and then compare the items in the cat-
aloguee to the learner's mistake. By using model-based diagnosis, STAR does not require 
explicitt fault models or bug catalogues for its operation, but instead reasons on the basis 
off  a representation of the correct behaviour of the system to be diagnosed. The added 
valuee of this approach lies in the generality of the method. As long as the subject matter 
compliess with the modelling principles, the same diagnostic component may be applied 
too different subject matter models. Thus, the system focuses on learning from errors: "in-
steadd of directly mapping errors onto misconceptions to be remediated; zooming in on the 
specificc bug that causes the error guides the learner in discovering this error and maybe 
self-repairingg it" [37]. 

STAR-Lightt asks students to predict what will happen in a selected example situation 
fromm physics. When learners make a false prediction, the software probes their knowl-
edgee with several multiple choice questions designed to find out where the exact problem 
lies.. During a series of experiments, the prototype was successful in finding errors and 
correctingg them. In fact, more often than not, learners realised their own mistakes during 
thee probing process. 

Andess allows students to follow different correct solution paths to a problem, and 
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too skip steps on their way to the final solution. This makes it more difficult to under-
standd what a student is trying to do at any given point, and to track the corresponding 
knowledge.. To cope with this, Andes uses Bayesian Networks to perform knowledge 
assessment.. The Bayesian Network based student model is also used in Andes for plan 
recognition,, to figure out a goal of the student during problem solving and suggest steps 
forr the student to achieve that goal. Thus, feedback is individualised with respect to the 
plann of the student. The model is also used to adjust the way in which Andes presents help 
whenn it decides that the student has difficulties in the use a specific rule of physics [53]. 
Byy consulting the student model, Andes presents in detail those rules which the student is 
nott familiar with. 

AA somewhat different tailored feedback is given in CyclePad. In CyclePad, students 
cann use the e-mail coach to receive feedback on their design. It provides additional analy-
siss help and uses analogical reasoning to do the coaching. The email coach makes sugges-
tionss on how to improve the design of the student, based on analogies with a web-based 
libraryy of expert-authored cases. It provides step-by-step instructions illustrating how this 
suggestionn might be applied to the particular design of the student. It does not, however, 
evaluatee whether or not this suggestion is a real improvement. 

4.4.44 Feedback based on user  input 

Inn contrast to the feedback provided as a reaction to the actual problem-solving, another 
approachh for learners to acquire new knowledge is by giving feedback in the form of 
showingg the consequences of the input of the user. Thereby the feedback is targeted at the 
meta-cognitivee skills of the learners. 

Forr instance, in Betty's Brain, students see the consequences of their teaching, and 
therebyy implicitly deduce the state of their knowledge, when the agent Betty has to answer 
questionss about the subject being taught. In SCI-WISE, students develop their own theory 
off  scientific inquiry by modifying the agents so that they reflect beliefs of the students. 
Inn order to test their theory, students then engages in a physics project, during which 
agentss provide advice. Students evaluate the agents behaviour, which may result in the 
modificationn of the theory. 

Simulationss that can be initialised and run also are a form of this type of feedback. The 
outputt produced by the simulation is based on the input of the user and as a consequence 
thee user can analyse and verify the correctness of the input he provided. 

4.4.55 Feedback based on Example, Counter-Example and Analogy 

Exampless are an important means of providing help to a user because they focus his/her at-
tentionn on how best practices, designed by experts, may be used for solving a problem/task 
efficiently.. In addition, studying examples is a natural and common way of learning, and 
studentss are used to studying examples extensively when acquiring new skills [88, 114]. 
Moreover,, the use of examples and counter-examples helps students better understand not 
onlyy what to do, but also what not to do and to what degree. Examples can be used to 
providee user support in two ways. One way is directed towards showing how a chosen 
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examplee has key characteristics in common with the problem at hand. A second sort of 
supportt focuses on showing how newly introduced concepts can be instantiated in a given 
example. . 

Thee use of analogies and examples is an often used way of creating an understanding 
off  a novel domain. Organising the understanding of a domain by imposing on it an already 
familiarr structure can be a highly efficient approach to understanding it [24]. The ability 
off  humans to understand novel situations by analogy to familiar ones and to solve new 
problemss by remembering solutions to previous, analogous ones, has motivated the study 
off  analogy as a learning theory. According to [50] analogical reasoning is central to 
problemm solving, learning, and creativity. 

Analogicall  reasoning identifies certain features in new and old problems and tries to 
usee the old solution to infer a new one [50]. In fact, when teaching a new concept, it is 
normall  practice to use analogies to familiar or previously learned material from diverse 
domains.. For example, "an electric circuit can be understood by comparing the causal re-
lationn between voltage and current to the causal relation between pressure difference and 
floww rate of water". In an analogy, similar relations between two domains are matched or 
placedd into correspondence. Thus the domains are aligned based on a shared relational 
structuree [52]. Individual elements in the two domains might be semantically quite dif-
ferent,, but the structural relations between those elements is the same in both domains 
[24]. . 

4.55 Lessons learned regarding feedback on errors 

Inn order to illustrate how the analysis of user support/feedback presented in the previous 
sectionn can be used in the design of our new model building environment, we now com-
parepare how the feedback provided in the above-presented systems and categories relates to 
HOMER.. The focus of our discussion is on how the particular features can or cannot be 
usedd in the design of a support system for our type of application. 

Byy remaining domain-independent we cannot easily provide the same type of support 
ass given in other systems. Deep knowledge about the whole spectrum of known scientific 
domainss would be required as well as an extended library of alternative ways of modelling 
thee same problem. Thus for the reasons just explained, semantical correctness cannot be 
guaranteedd by our system. 

Intelligentt Tutoring systems (and also the Adele agent system), demand a high degree 
off  knowledge engineering effort, since many different kinds of knowledge are needed. As 
such,, knowledge about the problem-domain is of great importance, but also knowledge 
off  typical problems users face when interacting with the system. In the case of systems 
featuringg a natural language dialogue interface, knowledge about dialogue and discourse 
iss also relevant [42]. Depending of the goal of the system, knowledge about teaching 
strategiess may also be needed. Given these extensive requirements, we do not intend to 
implementt a full-fledged ITS. We can however provide intelligent support to some extent. 
Wee can use model-building characteristics and constraints as well as the way in which 
expertss usually build their models (best practices) in order to coach the user. 
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Fromm the agent paradigm we can benefit in two ways. Firstly by breaking down the 
typee of support that may be given to a user, similar to what has been done in the work of 
[102],, thereby making the step of looking for help a more focussed one. For instance, we 
mayy have an agent responsible for giving answers regarding the model building ontology, 
onee for giving explanations about the graphical language and another one responsible 
forr explain the procedures to complete a specific task, in a manner similar to the agent 
structuree implemented in SCI-WISE. Also, just as was done in Betty's Brain, we can allow 
userss to teach an agent how to model a system and then, when new users try to model 
aa similar system, the agent can demonstrate how that problem was previously solved. 
Animatedd agents are a great promise, however we believe that in a first instance the quality 
off  the help contents should be tested before engaging in a more computationally expensive 
approach. . 

4.66 Support Designing for  the Learning Process 

Inn this Section we raise some complementary issues which we consider to be interesting 
whenn approaching the design of support. They relate to how the knowledge to be com-
municated/taughtt can be better organised and subsequently be more smoothly presented 
too the user. 

4.6.11 Organising the Domain Knowledge 

Teachingg a new subject matter involves a set of important characteristics. Firstly, attention 
mustt be paid to basic ideas and principles. These basic ideas and principles will establish 
aa solid base for later learning and understanding as one moves into more complex opera-
tions.. Secondly, understanding the interconnections among these concepts is relevant. As 
aa result, instead of learning isolated topics, students will acquire a unified body of knowl-
edge.. Thirdly, one must acquire the capability of looking at a problem from multiple 
perspectivess to find alternate ways of stating a problem and finding a solution. Certainly 
theree is a great variety of strategies for solving a specific problem. The theory of model 
progressionprogression [118] relates to this argument. This theory specifies a progression of increas-
inglyy complex models that students should master while learning about the behaviour of 
physicall  devices; learners are scaffolded in a stepwise orientation on the variables that are 
partt of the simulation model. 

Thiss applies to building models as well, since there is a definite difference in problem 
complexityy between constructing a simulation model with a few objects, quantities, be-
haviourr states and so on, when compared to building a full-fledged simulation model with 
manyy objects, quantities and behaviour states. In general, the more model ingredients are 
involved,, the more difficult it is to understand the simulation model as a whole. 

Inn fact, model progression is a key feature for predefined simulations, otherwise the 
simulationn models would become unwieldy. SimQuest, for example, enables the imple-
mentationn of model progression in order to support students. In HOMER it is less of 
ann issue due to the fact that users will build their own simulation models. However, 
iff  HOMER is going to be used in a classroom, one, for instance, the teacher, should 
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definitelyy make sure that assignments given to the modeler are reasonably manageable, 
growingg from simple to more complex models. However, the generation of assignments 
iss not part of HOMER but something that the person who gives the assignments should 
takee into account. 

4.6.22 Conceptual and procedural knowledge 

AA typical way of dividing knowledge from a learning perspective is by organising it into 
classess of declarative and procedural information [4], In fact, what people most typically 
doo is apply both declarative and procedural knowledge to accomplish a particular task. 
Therefore,, it is wise to design the contents of a help system as to include both types 
off  knowledge. In what follows we will briefly explore this knowledge distinction and 
mentionn its utility within a help system as well as give some examples of its use. 

Conceptuall  knowledge In order to cope with the world that surrounds them, humans 
havee developed ideas, insights and theories concerning things, what they are and 
howw they are interrelated. Persons entering a new arena need to learn this in or-
derr to be able to share the knowledge the community has developed. The concepts 
mustt be explained to them in order to enable them to understand the domain. There-
fore,, providing help on conceptual (a.k.a. declarative) knowledge refers to realising 
knowledgee transfer concerning basic principles, ideas, insights, theory and so forth. 
Itt is knowledge that is factual in nature and can be made explicit. It provides the 
"what""  knowledge which is needed to complete a task and thus describes (explains) 
specificc concepts or features, such as what is a quantity. 

Too render this idea more explicit, imagine a problem involving the modelling of a 
parachutee slowing down the descent of a person. When confronted with the phrase 
"...thee acting forces on the parachutist are the gravity...", users may not realise that 
thee gravity is pulling the person downwards and thus is exerting a force on the 
person.. They may not have understood the meaning of the word "gravity". Using 
thee above categorisation, explanations regarding the concept of "gravity" would 
bee classified as conceptual knowledge. In summary, conceptual help includes the 
knowledgee (explanation) about the specific domain of the modelled system, e.g., 
physics,, statistics, biology, medicine, architecture. 

Procedurall  knowledge Procedural knowledge on the other hand contains detailed 
knowledgee about how to accomplish some task focusing on information regard-
ingg the "how" rather than the "what". It refers to the execution of steps to perform 
aa task. In essence, procedural knowledge is about using conceptual knowledge to 
achievee tasks. For instance, somebody may know the concepts of screen size and 
pixels,, and colours but, knowing the steps needed in order to change these properties 
underr a given operating system is another thing. Different systems (e.g. Windows 
andd Macintosh) may require different steps to perform this task. Help can always be 
providedd on how to do this exactly and more efficiently. An ordered list describing 
aa sequence of steps like for instance mouse clicks on a GUI in order to change these 
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propertiess would then be classified as procedural information. Procedural help does 
thuss not directly cause users to master a specific domain. 

Thee optimal help system would be one supporting both kinds of knowledge: concep-
tuall  and procedural knowledge. 

4.77 Our  approach to the new support system 

Ass we have learned from the analysis on the various systems presented in previous sec-
tions,, opting for a domain independent approach leads to a number of consequences con-
cerningg how to effectively provide support to users. These consequences can be sum-
marisedd as follows: 

•• Besides providing support to the users in acquiring conceptual knowledge about 
thee QR ontology, support concerning the graphical language should also be given. 
Byy being domain-independent, the icons employed in HOMER and also in our new 
workbenchh are general ones and in principle users do not immediately associate the 
underlyingg concepts with their visual representations. 

•• We cannot implement user modelling in the sense of creating a cognitive model 
off the knowledge of the user. There are two reasons for this. Firstly, the amount 
off user freedom offered in a general model-building environment is so large that 
aa full learner model is beyond the scope of a practical application. The number of 
alternativee ways in which a situation may be modelled is simply too large. Secondly, 
often,, user modelling is seen as contradictory to the concept of constructivism, for 
whichh measuring the knowledge of the learners conflicts with the idea that each 
learnerr builds his or her own representation of the external world (for a discussion 
onn this point see, for example, [65]). 

Tablee 4.1 summarises the lessons learned from our previous analysis. As we cannot pro
videe support based on the knowledge of the user, our goal then is to develop a support 
modulee that supports users in the process of building models based on their individual 
interactionn with the learning environment. Thus, the input of the user (the model created 
orr partially created) is used as a basis for generating tailored advice. 

HOMERR already includes several mechanisms which facilitate the task of the users. 
Firstly,, it consists of a set of builders, each one serving the purpose of constructing knowl
edgee specific to a clearly delimited subtask of the overall model-building process. It is a 
welll documented fact of human cognition that the decomposition of large tasks into a set 
off nearly independent subtasks is a way of reducing cognitive load for the user, thereby 
reservingg adequate capacity for learning [7], Secondly, HOMER uses diagrammatic rep
resentationss [70] of knowledge, which makes the structure of a model more visible and 
moree easily manageable. Thirdly, the user interface is built in a manner that prohibits the 
constructionn of syntactically incorrect models. 

However,, building qualitative models is a complex task [100] and our experiment with 
HOMERR has shown that the support provided by HOMER is still insufficient. For that 
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Typee of Feedback 

Predefined d 

Tailored d 

Feedbackk on the in-
putt of the user 

Content t 

Backgroundd Knowledge: QR Ontology 
Graphicall  Language 
(Declarativee Knowledge) 
Guidee the users in the good practices in 
buildingg models, for instance, by analysing 
thee model constructed by the user and then 
providingg guidance concerning what the 
userr can still do and also pointing out in-
completenesss in the model. 
Providingg means for running the simula-
tionn of the model and inspect the results of 
thee simulation 

Formm of presentation 

Agent-Based d 

Agent-based d 

Byy means of the user interface 

Tablee 4.1 
Requirementss for our support module. 

reason,, an improved workbench providing adequate support has to be. This workbench is 
furtherr described in Chapter 5. In this section our focus is on how feedback can be given 
too users during the model building phase. 

Ass we have learned from the analysis of the systems presented earlier, rather than 
justt supporting users in "performing tasks", the support system of the new version of our 
model-buildingg tool should provide the more advanced concept of "learning while doing". 
Furthermore,, support should be presented in a motivating manner to the target audience 
too invoke its frequent use. 

Thee aim is twofold, to help users in acquiring a deeper understanding of the concept 
beingg modelled and at the same time improve their modelling skills. Notice that this 
distinctionn is similar to the notion of conceptual and procedural knowledge mentioned 
earlier. . 

Sincee we opted for a domain-independent approach to our modelling tool, some con-
straintss on how we can support the user have already been set. As the conceptual knowl-
edgee does not change, it may be designed as Predefined feedback, which is rather static. 
Conversely,, providing support on procedural knowledge in domain-independent systems 
cann be individualised since it refers to the modelling rather that the underlying domain. 
Itt is thus possible to compare the user's model-building actions to common practice in 
modellingg as defined by expert users and provide tailored feedback in order to guide the 
userr towards acquiring improved modelling skills. This kind of support will be of a more 
dynamicdynamic nature. 

Followingg the above categorisation, which makes a distinction between static and 
dynamicdynamic support, we will next analyse the design details of our support system. 

4.7.11 Static Help 

Somee of the problems encountered by the participants during the experiment with 
HOMERR originated from not understanding or not remembering definitions concerning 
thee model building ontology. This was by far the main source of difficulties. Problems 
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suchh as differentiating between attributes and quantities or grasping the meaning of a de-
pendencyy were quite common. The support system should thus particularly stress this 
issue. . 

Ass explained above, support referring to conceptual and procedural knowledge will be 
includedd in the static help category. We have opted to implement the conceptual support 
inn two complementary forms. Firstly, by providing definitions for the terms composing 
thee model-building ontology and secondly by giving examples on how to use those terms. 
Procedurall  support will explain in detail how to complete a given task using the underly-
ingg user interface. The static help system should thus be able to answer questions such as 
whatwhat is an influence? and explain how to create an influence using the available tools. 

4.7.22 Dynamic Help 

Besidess providing guidance regarding the ontology and the use of the model-building tool, 
thee help system should also provide support with respect to the specific content of the 
modell  being created. This type of help needs to have assessment capabilities concerning 
thee prior and actual production of the user in order to be able to evaluate the progression 
off  the user. Since this progression is a dynamic process, thee contents of the provided help 
wil ll  be constantly changing. 

Thee dynamic support system continually analyses the current solution of the user to 
thee assigned problem and compares the steps taken to reach this point with a selection of 
correctt modelling features. Any inconsistencies will be detected and reported to the user 
soo as to instigate the user to reflect on the actions taken and maybe consider an alternative 
trajectory.. By doing so we try to keep learners on track so as to avoid them arriving at 
incompletee models. 

Thee dynamic help system is designed to provide guidance at two distinct levels, one 
regardingg local, the other global knowledge. The former will be concerned with the 
detailss of a specific modelling subtask and will usually be restricted to a certain builder. 
Thee latter, on the other hand, will give a global perspective on the modelling activities of 
thee user, reuniting the actual status of the full model, so as to synthesise the sometimes 
overwhelmingg complexity of large models. This distinction between local and global 
knowledgee is an important one, since the construction of models from scratch will usually 
bee a constant interplay between figuring out the fundamental details of the underlying 
modell  ingredients and defining the overall interrelationships between those ingredients. 

Locall  Analysis At this level, help is generated on the actual model-building activity of 
thee user. The help facility analyses the input of the user within the active builder 
andd guides the user by providing a set of possible subsequent actions. Also context-
sensitivee help is given and focusses on the specific request for guidance from the 
user.. For instance, if the user selects a quantity in the model fragment builder 
andd then select Local Analysis help, only guidance regarding that primitive will be 
given. . 

Globall  Analysis Global feedback on the other hand is based on what the user has pre-
viouslyy constructed in all existing builders. We define a progress level in order to 
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generatee contextual advices associated with each model building step. Thus, the 
informationn gathered enables the help engine to build a structured list of possible 
userr actions applying to the model building step. Using the "construct a scenario" 
taskk as an example Table 4.2 shows an ordered list of such progress levels. The 
thirdd column gives the general meaning of an advice; the fourth column gives an 
explanationn about the advice4 and also suggests possible actions. Each piece of ad-
vicee will fire if the user is at or further than the 'corresponding progress level, but 
hass not reached the next level yet. 

Progress s 
level l 

Empty y 

Ann Entity 

Ann entity and 
aa quantity 

TwoTwo entities 
andd a quantity 

Twoo entities 
off  the same 
typee with 
aa quantity 
attachedd to 
eachh entity 

Advice e 
Number r 

1 1 

2 2 

3 3 

4 4 

5 5 

Advice e 

Scenarioo X is 
empty y 

Missingg quan-
tity y 

Noo initial val-
ues s 

Missingg struc-
turall  relation 

Missing g 
Inequality y 

Associatedd piece of explanation 

Thee scenario "X" is empty. Nothing has been 
specifiedd yet. You can start fillin g the scenario by 
addingg an entity. 
Thee entity "Entity" has not been given a quantity. 
Thiss may result in the simulation not being able to 
derivee certain behaviour. Maybe, you want to give 
aa quantity to this entity. 
Thee quantity "XX " has not been given an initial 
value.. This may result in the simulation not being 
ablee to derive any behaviour. Maybe, you want to 
givee a quantity a specific value. 
Thee entities "Entity X" and "Entity Y" are unre-
latedd in this scenario. This suggests that these en-
titiess are completely independent from each other. 
Inn general, this is not a desirable situation. Proba-
bly,, you have to add a structural relation that spec-
ifiess the relationship between these two entities, 
andd Advice 2, 3  3 
Advicee 4 

Thee entities and quantities "X " - "XX " and "Y" -
"YY ""  are of similar type, but they are unrelated in 
thiss scenario. In scenarios, inequality dependen-
ciess are often specified between similarly look-
ingg quantities in order to investigate specific be-
haviours.. So, maybe you want to add an inequality 
statementt between these quantities, 
andd Advice 3 

Tablee 4.2 
Progresss levels and pieces of advices on the "create a scenario" task. 

4Earlierr advices that are applicable again in a new situation are not fully shown in the table. Instead 
referencess are used (For example Advice 4) 
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4.7.33 Structure of the helpp system 

Havingg described the various contextual forms of help present in the new workbench, 
wee will now describe the manner in which the support information is presented visually 
andd how it can be accessed. As discussed above, the contents of help is divided into 
staticstatic and dynamic information. Since the applicability of these distinct kinds of support 
iss clearly delimited, their availability should also be broken down into discrete stages. 
Similarr to what was done in the work presented in [102] and in order to stimulate the 
usee of help as well as to unambiguously characterise each type of knowledge support, six 
agentss presented as different characters are used. Each agent has a specific appearance 
representingg the type of support it can provide. Figure 4.7 shows these six characters. 

Eachh builder, representing a particular step in the model building chain, possesses its 
ownn implementation of the various agents. The whole set of agents is thus present at all 
timess but the support provided will depend on the actual model building context. 

4.7.44 Interacting with the Help System 

Inn our approach, the help system will act exclusively on the request of the user. A 
metaphorr that could be used here is that of a student raising his hand and receiving spe-
cialisedd feedback from the chosen coach. By working only on user demand we are in 
factt adopting a constructive approach to learning [56]. In our approach the user keeps 
thee responsibility for the course of future action and is thus not forced to follow the ad-
vicee of the agents. This approach is also used in other systems, for example, [85], who 
usee an advisory agent system as a component of intelligent tutoring systems and learning 
environments. . 

4.7.55 Agent-based help 

Eachh one of our agents takes the form of an additional tool inside the application. As 
previouslyy explained, this agent-based help facility is generic in the sense that the agents 
wil ll  display the same functionality for all model building context but the support they 
providee will be specific to the actual model building step. Moreover, depending on where 
thee user currently is in the model building chain (e.g. building a scenario or a model 
fragment)) the given advice will vary. 

Knowledgee the agents provide 

Staticc Agents. To answer a question or support the user in solving a problem, static 
agentss use explanatory text, examples and images. The information will be displayed in-
sidee a dialog box using HTML pages including hyperlinks and cross-references. Images 
aree also used for displaying GUI parts. Four static agents are included in the new de-
sign.. They are labelled according to their specific utilities: What is, How to, Curriculum 
plannerplanner and Global help. 
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Figuree 4.7 
Thee support agents. 

Whatt  is? This agent has the task of helping users in understanding model-building 
conceptss in the actual builder. Each builder contains its own version of the What is? 
agentt which is equipped to provide conceptual descriptions and examples of any 
model-buildingg ingredient that can be used in that specific builder. 

Howw to? This agent provides procedural help. It suggests the order in which modelling 
stepss should be performed and the actions needed to reach a certain goal. Each 
builderr in the environment has a set of tools for constructing, editing, and removing 
modell  ingredients. The How tol agent provides the user with procedural knowledge 
onn how to use these tools. It displays only the information which refers to the 
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specificc builder being used at the moment. 

Curriculu mm planner  This agent is designed to provide help on the curriculum. It is 
aa domain-specific agent, which has educational purposes in mind. Its goal is to 
providee information related to specific assignments given to students. 

Globall  Help This agent is knowledgeable about general modelling issues. It may an-
swerss questions of the type What is qualitative modelling? or How does one build 
aa model?. In addition, it explains the application of all ontological primitives and 
discussess basic ideas on how to create a model. 

Dynamicc Agents As mentioned above, dynamic agents can provide tailored advice and 
suggestionss on both local and global aspects of the model of the user. One of the two 
agentss is concerned with local model building steps and the other is responsible for look-
ingg at the global coherence between the production of the user. According to their func-
tion,tion, they have been denominated: What can I do next? and Cross builder help. 

Whatt  can I do next? This agent gives advice based on the model building ingredients 
createdd up to this point in the actual builder. The agent provides intelligent support 
onn the local aspects of the model by hinting on what modelling step can be taken 
givenn the current state. The agent also recognises selected model ingredients in 
thee builder and in that case will give advice on the available options related to 
thee selected part. Additionally, the agent informs the user on how to start using a 
particularr builder and reminds the user about essential model ingredients that are 
stilll  missing in the current model. 

Crosss builder  help The Cross builder help agent reasons about the overall model con-
structedd so far and provides support related to the active builder (i.e. the source 
fromm where the agent was invoked). The information resulting from the analysis of 
thee complete model is presented to the user in the form of suggestions on how to 
improvee the current model. It may consist, for instance, of pointing out model parts 
thatt may be reused or give a list of unused model parts. 

Typess of advice 

Thee agents have the capability of providing a range of suggestions to the user. How-
ever,, certain suggestions are more important than others. For instance, making remarks 
iss considered to be less important than pointing out errors. Therefore, it is useful to rank 
thee suggestions in order to determine levels of priority. We use the following ranking in 
descendingg order of importance: warn, advise and inform: 

•• Warn is about common errors and mistakes. The warning always attempts to 
presentt the user with an action suitable to solve a problem. An example of a warning 
iss the following: 
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Modell  Fragment is empty! The model fragment "MF' is empty. Nothing has 
beenn specified in either the conditions or the consequences. Maybe you want 
too start filling  in the model fragment by adding an entity as either a condition 
orr a consequence. Alternatively, you may want to add another model fragment 
ass a condition. 

•• Advise refers to suggestions on what to do next, a description of a certain action 
thatt may be taken. For instance: 

Theree are no conditions in "MF' . The model fragment "MF' contains no spec
ifiedd conditions. That means that knowledge specified as a consequence will 
alwayss apply. Is this what you want? Or do you want to add specific condi
tionss under which these facts should be applied? 

•• Infor m differs from Advise in the sense that this type of suggestion does not imply 
anyy action, it comes in form of a reminder to the user: 

Missingg quantity. The entity "E" has not been given a quantity. This may result 
inn the simulation not being able to derive certain behaviour. Maybe you want 
too add a quantity to entity "E". 

4.88 Discussion and Conclusions 

Inn this chapter we adhere to the idea that problem solving skills are acquired during prob
lemm solving processes, which has been called learning while doing [6]. We have also 
adoptedd this paradigm, because it represents a constructivist approach to learning. Fur
thermore,, an emerging concept used in new computer based tools for education is the 
conceptt of model building. Learners learn by creating, running and adjusting models in 
aa model-building environment. Learning by building models is becoming a popular re
searchh area [45]. Similarly, cognitive constructivism emphasises that learning is an active 
process,, and direct experience, making errors, and looking for solutions are vital steps for 
thee assimilation and accommodation of information. 

Whenn using the constructivist approach, model building environments offer the 
learnerr the possibility of building a contextually meaningful model of the world which the 
learnerr can use to improve his current level of expertise. In line with this view, Jonassen 
arguess that students should learn with computers, not from them [66, 67]. Moreover, 
recentt research within the Artificial Intelligence in Education (AIED) community has 
shownn that learners learn more effectively when they are incited to reflect on their learn
ingg as opposed to being provided step by step procedures on how to solve a given problem 
[27,, 2]. Furthermore, successful implementations of learning environments have shown 
thatt augmenting them with the feature of requesting self-explanation from the users can 
makee the learning process an even more effective one [28]. We concord with this view 
andd in our new model building environment we provide implicit user feedback in the form 
off simulation results which are meant to induce reflection and self-explanation. 
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Byy opting for a domain independent approach we take a fundamentally different ap-
proachh from traditional ITS systems. Instead of focussing on the domain knowledge that 
thee user is supposed to acquire, we focus on the processes that are expected to lead to the 
acquisitionn of that knowledge. To this end, the system does not need to maintain a full 
cognitivee model of the domain knowledge of the learner, it only needs to infer just enough 
informationn from the steps taken by the user to support the model building process. Thus 
wee provide tailored feedback based on knowledge about the model building process and 
thee constraints of the model. Another feature of our approach is that the support system 
takess the form of an advisory system. Contrary to other approaches to supporting users, 
somee of which were presented here, we do not want to interrupt the user in order to offer 
help.. The user should always be the one in control and initiate a support session if needed. 

Inn this chapter several commonly used approaches to providing support in learning 
environmentss have been analysed with the aim of identifying positive traits which may 
bee useful in the implementation of an adequate support system for the new version of our 
qualitativee modelling workbench. We summarise what we have learned. 

•• Domain Independence brings about a number of consequences which make the pro
visionn of support more demanding from an implementation point of view. For in
stance,, the graphical language is an extra feature to be learned for which additional 
supportt must thus be provided. 

•• Qualitative modelling is usually not part of standard curricula and therefore support 
relatedd to the QR ontology has to be made available. 

•• The simulation results are per se a form of feedback and induce users to reflect. 
Therefore,, being able to run a simulation and analyse its results in one and the 
samee environment is an essential feature of a well-built model building environ
ment.. Furthermore, having multiple forms of presenting the simulation results is 
desirablee since this facilitates the interpretation of those results. 

•• Due to the high engineering effort when applied to domain-independent systems, 
butt also due to having opted for a constructivist approach, we do not intend to 
implementt a student model, as done in traditional ITS systems. However, we do 
providee tailored feedback to some extent. 

•• As suggested by some of the systems presented in this chapter, we believe that 
pedagogicall agents represent a new learning paradigm. We have thus proposed 
aa set of agents that can guide users in the process of building models. The use 
off different characters to handle different aspects of support has been suggested. 
Wee are herewith taking advantage of the personification and modularity features of 
agents. . 

Inn Chapter 5 we present the detailed design of our new model building environment 
ass well as its support module which were implemented using the lessons learned in this 
chapter. . 
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Designn and Implementation of MOBUM 

Inn this Chapter, we bring together the ideas presented in earlier chap-
terss on how a model building system can be designed in order to effec-
tivelyy support the model building process. We present a model building 
tooll  called MOBUM that implements these ideas. Subsequently, we 
describee and discuss the principal design decisions of MOBUM. 

5.11 Introductio n 

Thiss chapter describes the design and implementation of MOBUM, an environment that 
supportss users in constructing models of real world systems, allowing users to play with 
themm and test them by means of simulations. MOBUM was implemented using JAVA 
[81].. The system is based on the principles presented in Chapter 2 taking into account 
thee lessons learned from the experimental evaluation of HOMER (Chapter 3). Just as 
HOMER,, MOBUM consists of a set of builders providing assistance in the various phases 
off  the model building process. Both tools differ in many respects though. The first differ-
encee lies is the number of context-specific builders supporting the formal definition of the 
model,, which has been reduced in MOBUM. On the other hand new builders were intro-
duced,, which do not add contents to the model but are intended to assist the modellerss in 
betterr understanding the system they are building a model of. Also, the interaction with 
thee builders occurs in a different fashion. The interaction of the user with the tools for 
creatingg a new model ingredient, for instance, will always require user interaction with a 
dialoguee which is linked to the tool in order to complete the task. Finally, in MOBUM all 
builderss are equipped with support capabilities, by means of help agents which assist the 
userr in each of the model building steps. These and other differences between both tools 
wil ll  be further discussed in this chapter. 

Thee architecture of the model building environment is described in Section 5.2. The 
designn of the User Interface is then presented in Section 5.3. This module receives the 
mainn focus of attention in this chapter. The components are explained with reference to 
thee design guidelines as presented in Chapter 2. This includes the description of builders, 
tools,, and the Help System. Section 5.4 describes the technical aspects involved in the 
implementationn of MOBUM. Section 5.5 concludes this chapter. 
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5.22 System Architecture 

AA client-server organisation has been chosen where the client supports the modelling 
taskss and the server provides the simulation engine. Figure 5.1 depicts the architecture 
off  the overall model building environment, which consists of a Graphical User Interface 
(GUI),, a Model Representation module (GKOM) and a Model Execution module (simula-
torr GARP). The communication between the Model Representation and Model Execution 
moduless is realised through XML documents. 

GUII  The Graphical User Interface comprises three subsystems, Mobum1, Toolbox, and 
GarpApplet.GarpApplet. The Mobum subsystem consists of a set of builders that support the con-
structionn and manipulation of model ingredients in different steps. Some builders repre-
sentt models as graphs and therefore their model ingredients are represented by nodes and 
arcs.arcs. Other builders, which support the definition of individual model ingredients, organ-
isee the model ingredients as items in a table. The Toolbox system provides means for 
expressingg ideas by using drawings and causal modelling tools. The GarpApplet enables 
thee simulation of a scenario and the visualisation of the simulation results. Addition-
ally,, GarpApplet provides means for inspecting the simulation, for instance, by verifying 
whichh Model Fragments were triggered during the simulation. 

Al ll  builders and the toolbox are equipped with a help system providing dedicated 
support.. A detailed description of the GUI is given in Section 5.3. 

'Thee subsystem Mobum refers to one part of the whole system (the main application and builders), 
whichh is also called MOBUM. 
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GKOMM  The Model Representation encompasses primitives for storing models and sim-
ulationn results. The GKOM2 library [111] constitutes the system model representation 
module,, see Section 5.2.2. 

GARPP Model Execution refers to the simulation engine, GARP, which can run simula-
tionss using the models constructed by means of the GUI and which are stored in GKOM. 

Thee client holds the GUI and the GKOM library, which are both written in Java. The 
simulatorr (GARP), on the other hand, which is stored at the server side, is written in 
Prolog.Prolog. Java has been chosen for the implementation of the application for a number of 
reasons: : 

•• it is platform-independent, 

•• it allows easy implementation of an effective GUI, 

•• it supports a number of network communication mechanisms, particularly through 
thee Internet. 

Thee most important benefit that model builders may gain from the client-server design 
iss the possibility of exchanging models. Different users, at distinct geographic locations, 
forr instance, can store their models on the server and other users can (re)use these models 
inn their work. Additionally, we have the ability to easily maintain and control the simu
lationn engine. In the following sections a more detailed description of the components of 
thee system architecture is given. 

5.2.11 Model Execution and Communication 

Thee model execution module refers to the qualitative simulation tool. After creating a 
modell of a system, the modeller will probably wish to test it by simulation. For that pur
pose,, the simulator will receive the model as an input and will produce a behaviour graph 
(consistingg of qualitatively distinct states) as an output. An analysis of the simulation 
tool,, GARP, was already given in Chapter 2. 

Thee communication between the client and the server comprises two aspects: ex
changingg model and simulation data and controlling the way in which the simulator runs 
thee model. The exchange of model and simulation data is realised using an Extensible 
Markupp Language (XML) document. XML is widely used for describing documents as 
welll as other types of data. An interesting feature of XML documents is that they do 
nott include formatting instructions. In this way, the same data can easily be displayed in 
variouss manners. Additionally, XML parsers exist for most of the major programming 
languages.. For these reasons XML is the natural choice for arranging the communication 
betweenn the model building environment and the simulator. 

Inn the following paragraphs, we first describe the communication aspects that concern 
thee representation of the model. Thereafter, a description of the available control over the 
simulatorr via the communication module is given. 

2Garpp Knowledge Object Model 
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Communicatingg via XM L and DTD XML adopts a tree-representation of the underly-
ingg data and is considered self-describing, i.e., XML data does not require any predefined 
schemes.. However, it is possible to impose structure onto XML documents by using the 
Documentt Type Definition (DTD) or other schematic languages (e.g. XML Schema). A 
DTDD defines, for example, which tags are permissible in an XML document, the order in 
whichh such tags must appear and how the tags are nested to form a hierarchical structure. 

AA relation between two elements can be specified in two ways: by nesting or by 
referringg to the identifier of an element, which must be unique for each element. As 
ann illustration, consider the following situation: A quantity Level belongs to the entity 
LiquidLiquid and has associated with it the quantity space zp (zero and plus). The following 
examplee illustrates how a DTD can be specified to represent generic quantities, defined 
ass QuantityType, in the model as well as a valid XML document for the DTD. 

i . . 
<!ELEMENTT QuantityType s (QuantityType* )  > 
<!ELEMENTT QuantityType s EMPTY> 
<!ATTLIS TT QuantityTyp e quantityTyp e I D #REQUIRED 

entityType ss  IDREF S «REQUIRED 
quantitySpac ee IDRE F #REQUIRED > 

22 . 
<QuantityTypes > > 

<QuantityTyp ee quantityTyp e =  "level "  quantitySpac e =  "zp "  entityType s =  "liquid"/ > 
</QuantityTypes > > 

Figuree 5.2 
11 .Sample DTD, 2.XML Source. 

Thee names of the elements and attributes and their order in the hierarchy (among 
otherr things) constitute the XML markup language used by the document. In the example 
shownn above, the language contains the element QuantityType, which defines generic 
quantitiess and contains three attributes: 

1.. quantityType gives the name of the quantity ("level"); 

2.. entityTypes refer to the list of entityTypes that the quantity may belong to. This 
attributee refers to the idref data type (EntityType). 

3.. quantitySpace contains a reference to the quantity's quantity space ("zp"). 

Inn short, the DTD describes all the elements needed to represent a model that can be 
usedused by the simulator for predicting states of behaviour. 

Controllin gg the GARP server  Next to the exchange of model information, the com-
municationn with the server allows a client to specify the actions that the server is supposed 
too perform. The following options are available in this respect. 

•• Load a model. The server receives a model and waits for further instructions. 
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 Select a scenario and run i t If a scenario is selected from the list of scenarios, 
thee server can be requested to run that scenario. In fact, running a scenario may be 
donee in two modes: either a request to run the first interpretation of that scenario, 
whichh may lead to initial successor states; or run the scenario while requesting full 
simulation,, which will generate the complete behavioural graph. 

•• Terminate, Order  and Close. If a full simulation has not been chosen, GARP 
supportss choices in regard to which transitions are to be further explored. For this 
purposee the following controls exist and should be called sequentially (for selected 
statess or for all states): terminate, order and close. Terminate, based on a state 
content,, will determine a set of possible terminations, including how quantity values 
and/orr inequalities may change as a result of derivatives being non-zero. Order  will 
orderr and remove terminations using a set of rules specifying ordering information. 
Closee determines the transition to a successor state, if available. 

•• Run full simulation. Full simulation can also be requested for specific states or 
forr all states. In this way, the sequential control steps above, terminate, order and 
close,, are all performed. This will generate a complete state transition graph. 

•• Request Simulation Information . After running a scenario, the server can pro
videe lists of information of the simulated model. The following information can be 
requested:: complete model contents or partial model contents. In the latter case, in
formationn regarding either specific states or all states and how transitions occurred 
fromm one state to another can be obtained. 

5.2.22 Model Representation: GKOM/Objec t Model 

Att the client side, a model is represented by the GKOM library [111]. In the following 
thee main packages composing the GKOM library are described in detail. 

gkom.parserss This package implements the import-export module to the GKOM Li
brary.. It contains die classes3 responsible for taking a GKOM knowledge model, which 
wass created using the classes of the gkom.model package, and transforming it into an 
XMLL document representing the main categories of knowledge that are input to GARP. 
Alsoo it contains the classes that produce the reverse action, i.e. it contains classes that han
dlee XML documents representing GARP knowledge models and has memods for trans
formingg mem into GKOM knowledge models. 

Inn order to run a simulation, it is required to provide a set of entities organised as an 
is-ais-a hierarchy, the model fragments, the quantity spaces, and at least one scenario which 
willl be die starting point for the simulation. The XML document produced contains all 
tiiesetiiese and will be sent to the server. 

3Thiss notion of classes refers to classes as used in JAVA and should not be confused with the notion of 
classs as discussed in Chapter 2. The Type level represents objects that correspond to the model primitives 
(classes)) in GARP, such as entities and quantities. 
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gkom.modell  Contains the primitives for creating and storing a model and simulations 
rann with that model (entities, relations, quantities, dependencies, model fragments, sce-
narios,, etc). Figure 5.3 shows the top level classes of this package. The KnowledgeObject 
iss an abstract class and the top class of the hierarchy. It has two attributes, name and 
description,, which can be used by its subclasses. In the following paragraphs the top level 
classess of GKOM are described. 

Threee Levels of Knowledge In GKOM, three levels of knowledge have been defined to 
representt a model: the Type level, the Occurrence level and the Instance level. The Type 
Levell  represents primitives as defined in GARP. The Occurrence Level represents any 
primitivee that has been specified within model fragments. The Instance Level represents 
thee primitives in the scenario and the contents of the behaviour graph as produced by the 
simulator. . 

KnowledgeObject t 

Occurrence e 

#theType:Type e 

Figuree 5.3 
gkom.modell  top level classes. 

Ass a result, GKOM uses three different classes to represent each unique primitive of 
thee simulation model: A Type class, an Occurrence class and an Instance class. As shown 
inn Figure 5.3 all Occurrences and Instances have a specific type. The simulator uses 
thee Instances specified in a scenario to create a full model. This result is then used by the 
parserr to create the Instances in the GKOM model. An Instance holds information specific 
off  the different states it may be in and can (of course) not be modified by the modeller. 
Thee following example may help in clarifying the utility of this kind of representation. 
Thee generic quantities (e.g. temperature) of the model are defined in the Quantity Builder 
whenn using MOBUM. What is in fact created at this stage are QuantityTypes objects. 
Whenn such a quantity is assigned to a model fragment, an Occurrence of that quantity, 
aa Quantity Occurence, is created. Finally, a Quantitylnstance represents the existence of 
thee quantity in a scenario and (after simulation) the state in which that quantity exists. A 
quantityy may of course have different values in different states. 

Thee Model class represents a complete GKOM model. Models are the starting point 
off  every model building activity. The main functionality of the class is to hold the generic 
knowledgee of a model as well as die results of simulations based on that knowledge. One 
off  the features of me Model Class is that it controls the creation and destruction of Types. 
Byy having the Model manage the creation and destruction process, the consistency of 

Type e 

#theType:Type e -theSirrcSimulation n -BieSinrrSimulation n 
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thee whole model is guaranteed. When a Type is created, it must always be added to a 
Model.. The Model then will check the validity of the newly created object by verifying 
thee uniqueness of the object. Another responsibility of the Model class is the deletion of 
modell  ingredients from the model. It does not allow, for instance, the modeller to remove 
aa Type if anywhere in the model there is an occurrence of that type. If the modeller really 
intendedd to remove that Tvne. he or she must first remove the Occurrence of the tvne 
be e 

KnowledgeObjec t t 

Type e 

EntilyTyp e e 

Type e 

AttributeTyp e e 

Type e 

Relatt  lonTyp e 

Type e 

Quan tt  ItyTyp e 

Type e 

Quan tt  itySpaceTyp e 

type e 

ScenarioTyp o o 

Tjpe e 

ModelFragtiKfitTyp e e 

Figuree 5.4 
Modell  class diagram. 

Figuree 5.4 shows the main hierarchical organisation of the class Model. Figure 5.5 
showss the classes ScenarioType and ModelFragmentType in more detail. Some extra 
classess have been created, in order to effectively represent the simulation model. Class 
Block,, for example, has been implemented to hold the Occurrences created in the context 
off  model fragments and scenarios. In fact, the class Block and its subclasses Conditions-
Blockk and ConsequencesBlock were introduced to facilitate efficient implementation of 
thee domain without compromising the independence of the domain from a specific user 
interface.. All classes are part of package gkom.model and are, except for the Block class, 
derivedd from class KnowledgeObject. 

Thee Simulation class represents the simulation results produced by the simulator 
basedd on a specific Scenario. Simulations are created by GKOM during the process of 
parsingg the output of the simulator. A Model can hold one simulation for each created 
ScenarioType.ScenarioType. A Simulation holds State and Transition objects resulting from the simu-
lator.. These will be constructed by the Simulation which will also check their uniqueness 
andd thus guarantee that no duplicates are created. In this way, an instance that appears 
inn different states is represented just as only one instance with references to the states in 
whichh it exists. 

Thee State class represents a state of behaviour which has resulted from a simulation. 
Ass shown in Figure 5.3, all states produced have a reference to the Simulation they belong 
to.. A State is identified by its number and has the information of all Instances present in 
thatt State. A State is the result of a simulated model and State object is created when 
parsingg the results. 

Thee Transition class represents the knowledge about how one state moves to another 
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Figuree 5.5 
ScenarioTypee and ModelFragmentType class diagram. 

state.. A Transition occurs based on rules. Transitions are also created by the parser based 
onn the simulation results and are also owned by a Simulation object. 

Inn short, a model builder will build a model which consists of Types and Occurrences. 
Ann Occurrence has one and only one Type but a Type may have n Occurrences. Instances, 
Simulations,, States, Transitions are created by the simulator and added to GKOM by the 
parserr (of the simulation results). 

gkom.serverr Contains classes that handle the communication with the remote simula-
tionn module. The classes in this package make up the communication module. 

5.33 User Interface 

MOBUMM is intended to support users in constructing system models, allowing them to 
playy with these models and to test them by simulation. The access to the various func-
tionalitiess of MOBUM is made through the buttons on the primary toolbar (see Figure 
5.6).. In the following sections, the individual tasks and actions that can be performed are 
described. . 

Swann Causal Model 
SketchPadd Builder 

Modell  Structure Quantity Quantity Space Model Fragment Scenario GarpApplet 
Browserr Builder Builder Builder Builder Builder 

Globall  Curriculum 
Helpp Planner 

Figuree 5.6 
MOBUMM main window. 
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Ass was the case in HOMER, the user interface of MOBUM has been designed follow-
ingg the general idea of not allowing the user to construct a syntactically erroneous model. 
Therefore,, only a limited set of actions is possible at each stage of the model construction. 
However,, the user is free in determining the order in which every ingredient of the model 
iss created. The visual representation of model ingredients within the builders follows the 
guideliness presented in Chapter 2. For example, Quantities in the Quantity Builder are 
organisedd in a list, because no relation exist between quantities, while Entities are repre-
sentedd as nodes in a graph and the is-a relations between the entities represented as arcs 
betweenn those nodes. 

Thee model building environment uses two major notions which were described in 
Chapterr 2: the builders and the tools, and additionally, the environment incorporates 
modelmodel inspection tools. 

Builderss are interactive windows that support me user in building specific model in-
gredients.. In the current version of MOBUM there are five builders that support the 
creationn of specific model parts, namely: Model Fragment Builder, Quantity Builder, 
Quantityy Space Builder, Structure Builder and Scenario Builder. Additionally there are 
twoo builders that do not add directly content to the model but support the modeller in 
exercisingg his or her conception about the system being modelled: The SketchPad and 
thee Causal Builder. Multiple builders can be simultaneously open while constructing a 
model.. Tools are the means of interaction with a specific builder. The set of available 
toolss for the builders are displayed at the secondary toolbar on the left hand side (LHS) 
off  each builder and can also be accessed from the menu of the builder. 

Modell  Inspection Tools are the available tools for the modeller to run a simulation and 
alsoo to inspect the results of the simulation. After running a simulation, the modeller will 
gett a behaviour graph and can investigate, for instance, how the quantities behave in the 
differentt states produced, which model fragments applied, the content of a specific state, 
howw the transition occurred from one state to another. 

Thee remainder of this section details the design of each builder and inspection tools 
inn MOBUM. We start with the five builders which have common characteristics with the 
builderss in HOMER. Subsequently, the description of the new functionality is given. This 
consistss of extra tools designed with the purpose of making the task of building qualitative 
modelss more insightful, the Sketchpad and Causal Builder. Finally, the model inspection 
toolss for the analysis of simulation results is described. 

5.3.11 Structure Builder 

Inn the Structure Builder the user defines the entities, structural relations, and attributes. 
Thee entities should be hierarchically organised in a top-down manner, which means that 
thee definition of the most general domain concepts should be given at the top and sub-
sequentt specialisations of the concepts should follow below. After having been defined 
inn this builder, model ingredients can be reused to construct model fragments and sce-
narios.. We decided to create structural relations and attributes in the same workspace. 
Conversely,, in HOMER dedicated builders for defining attributes and structural relations 
weree used. During the experiment with HOMER, it was noticed that the subjects did not 



118 8 CHAPTERCHAPTER 5. DESIGN AND IMPLEMENTATION OF MOBUM 

graspp the utility of defining them separately. Furthermore, all these concepts refer to the 
structurestructure of the system being modelled and as such it seems a natural choice to put them 
together. . 

sfpp Entity LHS: £j~$ Structural Relation Name; ( 3 Entity RHS: 

Figuree 5.7 
Structuree Builder. 

Figuree 5.7 shows a possible structure for the U-Tube system. It consists of entities: 
substance,substance, path, liquid, fluid path, and container. The entity 'fluid path' has the attribute 
status,status, which may assume values such as aligned and not aligned. The structural relation 
containscontains relates entities 'container' and 'liquid'. The figure also illustrates the way in 
whichh the builder and the available tools interact. By selecting two entities, fluid path 
andd a container, only one action is possible: defining a structural relation. By using this 
context-sensitivee approach, only syntactically correct choices are made available. Notice 
thatt only the last option in the toolbar of the builder has been selected (highlighted). 
Therefore,, the interaction dialogue associated with the tool is displayed with the selected 
entitiess already in place. Finally, the user must type the name of the structural relation 
thatt is being defined. 

5.3.22 Quantity Builder 

Inn this builder the quantity types are denned. Each quantity has a quantity space, which is 
definedd in the Quantity Space Builder. The quantities defined in this builder can be used 
too construct model fragments and scenarios. 
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Comparablee to HOMER, the user can initiate the creation of a quantity space when 
creatingg a new quantity, see Figure 5.8. Contrary to HOMER, if the user does so, the cre-
atedd quantity space will be, by default, assigned to the quantity being created. Therefore, 
noo further choices need to be made. Like in the Quantity Space Builder, the results are 
displayedd in lists. 

Figuree 5.8 
Quantityy Builder. 

5.3.33 Quantity Space Builder 

Inn the Quantity Space Builder the user defines the set of possible values for the quanti-
ties.. This builder can be used stand-alone or activated from within the Quantity Builder. 
Quantityy spaces may be reused and therefore can be associated with one or more quan-
tities.. A quantity space is assigned to a quantity in the Quantity Builder. One feature of 
thiss Quantity Space Builder that differs significantly from the Quantity Space Builder of 
HOMER,, is the way of creating and editing a quantity space. In HOMER a quantity space 
iss created and edited inside the workspace that holds the list of existing quantity spaces. In 
MOBUM,, the Quantity Space Builder holds the list of existing quantity spaces. A quan-
tityy space is constructed by means of a creation tool designed for that specific purpose. 
Theree are several reasons behind this design choice. Firstly, the builder is kept clean and 
moree insightful. Secondly, having the creation in a dedicated window may help users in 
focussingg their attention on the task being performed at that time. Thirdly, we wanted 
too keep a high coherence. If the paradigm is to always have a tool associated with an 
interactionn dialogue, this should be true for the whole system. 

Figuree 5.9 shows the Quantity Space Builder together with the dialogue associated 
withh creating/editing a quantity space. Similar to HOMER, the builder organises the 
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createdd quantity spaces as a list and by selecting one of the items in this list its preview is 
displayedd in the column besides it. In this way, the user can visualise the defined values 
andd their types. 

Figuree 5.9 
Quantityy Space Builder. 

5.3.44 Model Fragment Builder 

Inn the Model Fragment Builder the user will model the knowledge about the behaviour of 
entitiess that have been specified in the Structure Builder. This includes the specification 
off  features of entities, such as quantities and the values they assume. Constructing a 
modell  fragment means reusing the model ingredients previously defined in the Structure, 
Quantityy Space and Quantity Builder. 

Somee differences exists between the model fragment builder of MOBUM and its coun-
terpartt in HOMER. Firstly, the way of navigating through the builders. In HOMER, 
whenn adding a model ingredient to a model fragment or scenario, the user may access the 
builderr associated with the model ingredient from the "Add window" and still keep the 
"Addd Window" open. In MOBUM, we did not implement such a feature. Furthermore 
thee dialogues associated with available tools within the builders are modal. This means 
that,, the user must finish or cancel the actual task before being able to initialise a new one. 
Inn fact, one outcome of the experiment with HOMER was that the subjects frequently got 
lostt when doing this, initiating one task before finishing the previous one. Another dif-
ferencee is that we do not have "Conditions" and "Consequences" as separate menus. In 
MOBUMM a check-box is provided within each 'Add dialogue' to switch the location of 
thee model ingredient from Condition to Consequence. When a model ingredient can only 
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bee specified as a consequence, the option is unavailable. Also, when adding a quantity, 
thee modeller may at this point specify the actual value and derivative of that quantity (see 
'Addd Quantity' dialogue in Figure 5.10. In HOMER, these tasks are independent and 
placedd within the 'Conditions' and 'Consequences' menus. When using HOMER, the 
subjectss selected values from the quantity space. Although the value was highlighted it 
didd not mean that it was selected. In the beginning, this was the cause of some confusion 
amongg the subjects. 

Figuree 5.10 
Modell  Fragment Builder and 'Adding Quantity' dialogue. 

5.3.55 Scenario Builder 

Thiss builder is used to create situations that will be given to the simulator for behaviour 
prediction.. The partial models created using the Model Fragment builder represent 
genericc domain knowledge while a scenario contains instantiated knowledge describing a 
particularr state of the simulation model. The way of representing generic knowledge, as 
itt appears in a model fragment is similar to the one used to represent a particular state in 
aa scenario. As a consequence, the tools that apply to the Scenario Builder and the Model 
Fragmentt Builder are similar. 
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5.3.66 Model Browser 

Thee model browser, Figure 5.11, is the first component that does not have a counterpart 
inn HOMER. Its functionality consists basically of displaying a global overview of all the 
modell  ingredients that have been defined in the current model. It compactly shows, for 
example,, quantities, relations, the hierarchical organisation of entities and model frag-
ments.. By double clicking on a model ingredient the associated builder will be opened. 
Similarr to other system browsers, the Model Browser does also perform standard actions 
suchh as deleting or editing the name of objects. 

f ~ g §§ Entity Type Hierarchy 

?? 9 nil 

©  3 Entity 

ff ÜÉ Relation Types 

contains s 

connected d 

99 £ f f QuantityTypes 

 j O Flow_rate 

* \ £ i ii Amount 

O ff Quantity Spaces 
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 S3 Model Fragment Types 

[ jj Scenario Types 

Figuree 5.11 
Modell  Browser. 

5.3.77 Toolbox package 

Thee Toolbox package encompasses tools that support tasks not directly involved in the 
formalisationn of the model. First, it implements what we have coined intermediate mod-
ellingelling support. Often when building a model, the persons building it define intermediate 
modelss before they write down the final model. For instance, they make drawings in or-
derr to visualize/understand the system they are working on as a whole. Second, during 
thee experiment with HOMER, it was noticed that all the subjects were frequently trying 
too follow the behaviour of the system by mentally constructing the causal model of the 
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system.. We interpreted this as an indication that a tool was needed to provide the means 
forr the user to construct a dependency graph. It should be noticed that this is even more 
importantt when the system being modelled includes many quantities and several depen-
denciess between them. This tool would support the user in investigating if and how the 
quantitiess interact through the causal dependencies. 

SWANN SketchPad 

Thiss is a brainstorming tool for expressing ideas by making a drawing of the situation to 
bee modelled, see Figure 5.12. Although die tool does not add any actual content to the 
model,, if the modeller classifies the individual parts of the drawing using the classification 
tools,, this information will be known to the help agents and they may help the modeller 
att the time of formalising the model. Besides creating a drawing and specifying the basic 
typess and names of the objects within the model, the SWAN Sketchpad allows the creation 
off  scenes which represent the envisioned states that the user wishes to distinguish. 

Figuree 5.12 
SWANN SketchPad. 

Inn fact, the movie scene metaphor is employed in Sketchpad. Each expected state in 
thee simulation can be represented as a scene. The modeller can make a copy of the current 
drawingg and modify aspects in order to express expected behaviour. This visualisation 
makess the conception the modeller has of how the simulation should behave more explicit. 
Thee SWAN Sketchpad always has one original drawing, called the initial drawing. This 
iss the drawing created during the sketching process. Additional scenes may be added to 
thee SWAN Sketchpad and the filmstrip underneath is augmented whenever this occurs. 
Itt is important to distinguish between the two types of drawings; the original drawing 
describess the static features of a system, the scene drawings describe the changes. As an 
example,, consider Figures 5.12 and 5.13. Figure 5.12 shows an initial drawing of the U-
tubee system. Figure 5.13 shows two scenes created and already manipulated. The figures 
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telll  us that if we start with the situation where the LHS container has more liquid than the 
RHSS container, in the next state the system may reach an equilibrium and, therefore, the 
twoo containers will have equal levels of liquid. 

Figuree 5.13 
Twoo scenes of the U-Tube. 

Inn order to interact with the SWAN SketchPad, the user can use a set of tools, which 
aree placed on the LHS toolbar of the workspace. Some of the tools are standard and 
commonn to other drawing tools. Looking at the toolbar, from top to down, the following 
toolss exist: 

•• New Scene: This tool creates a new scene of the actual drawing. 

•• Remove Scene: removes the current scene from the drawing. 

•• Standard Drawing Tools: Selection Tool, Text Tool, Rectangle Tool, Round 
Rectanglee Tool, Oval Tool, Line Tool, Scribble Tool 

SpecialSpecial purpose Tools: The following tools are used to classify a drawing. 
Thee classification is made by setting a (model) type to the graphical object created. 

•• Set Type to Entity : This tool classifies a selected text or shape as an entity, for 
instance,, in the U-Tube drawing container, liquid, path would be classified as enti
ties. . 

•• Set Type to Process: Classify a drawing part as a process. For instance, the arrow 
indicatingg the flow of liquid from one container to another would be classified as a 
process. . 

•• Set Type to Quantity: set the type as a quantity. Looking at the U-Tube drawing 
LevelLevel and Pressure would be set as quantities. 

•• Remove Type: remove a set type from a drawing or text. 

•• Group Selection: Group a selection of shapes and/or texts. 
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•• Ungroup Selection: Ungroup the current selection of shapes and/or texts. 

Additionally,, the user can manipulate the attributes of drawing elements. Text can have 
differentt fonts, sizes and colour. Shapes can be filled and also have different colours. 
Thee line thickness, colour and arrow specifications can also be changed using the shape 
attributes. . 

Causall  Model Builder 

Thiss builder is a brainstorming tool to help the user express ideas by drawing a causal 
model.. Similar to the 'SWAN Sketchpad', it does not add any actual contents to the 
model.. Figure 5.14 illustrates a causal model drawing for the U-Tube system. The goal 
heree is that by including all quantities and the dependencies between them, the modeller 
mayy acquire an overall picture of the behaviour of the system. Therefore, the work of 
formalisingg the model can be performed more easily. 

Figuree 5.14 
Causall Model Builder. 

5.3.88 GarpApplet: Inspecting Simulation Results 

Withh GarpApplet it is possible to run a simulation. As already explained, the simulator is 
installedd on the server. Therefore, when the user chooses to start a simulation, by selecting 
thee GarpApplet on the main window, the user will get a dialogue box requesting him or 
herr to select the server where the simulator is located, see Figure 5.15. One possible 
configurationn is already given by default. The model is subsequently sent to the server. 
Thee server will prompt the existing scenarios of the actual model, also shown in Figure 
5.15.. After selecting a scenario, the user has a series of controls over the simulation. 
Inn Figure 5.16, looking at the toolbar, located at the top of the simulation window, the 
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Figuree 5.15 
Startingg an interaction with the simulator. 

groupp of buttons Select allows the user to select all the states or only specific states. The 
followingg group of buttons, Action, consists of actions that control the simulation. The 
firstfirst three buttons of this group comprise the following controls: Terminate, Order and 
Close.. The following button of this group execute these three actions at once. The last 
buttonn on the group runs a full simulation. 

Figuree 5.16 
U-Tubee behaviour graph. 

Figuree 5.16 shows the resulting behavioural graph for a U-Tube scenario when 'Full 
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Figuree 5.17 
Tablee view of the U-Tube behaviour graph. 

Simulation'' has been requested. It consists of two states (the numbered circles). Figure 
5.177 shows the table version of the graph and also includes the quantities in the system 
andd how their values changed over time. At this point, the user can inspect the simulation 
results.. When selecting a state, all the model ingredients within that state are visualised. 
Itt is also possible to filter information. For instance, it can be chosen to visualise only the 
quantitiess in the state, certain dependencies between the quantities etc. In Figure 5.18, 
Statee 2 has been selected and its information is displayed. 

Inn the inspection window we can choose to visualise different model ingredients 
withinn the state. For instance, on the top of the window many configurations are available. 
Afterr making a selection concerning what is involved (relations, dependencies, entities, 
andd quantity spaces), the following options exist: mouse, when the mouse is over the 
modell  ingredient it will be visible otherwise it will be hidden, all, all existing model in-
gredientss will be visible, none, none of the model ingredients will be visible. Also, we can 
verifyy which model fragments were used during the simulation. Why one state changed 
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Figuree 5.18 
Statee information. 

too another state can also be investigated. Figure 5.19 shows the rules that were applicable 
forr taking state one to state two. 

Figuree 5.19 
Rules:: Transition from 1 to 2. 

Duringg the whole process of simulating a scenario, a connection with the server will 
bee kept alive in order to execute each of the above-presented actions (interactions with the 
simulator). . 
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5.44 User interface implementation 

5.4.11 Top-Level 

Everyy builder contains a series of graphs and other simple graphical components, such 
ass combo-boxes and labels. A graph is a collection of vertices connected by arcs. These 
aree placed and manipulated by the user using a mouse-controlled tool. Every tool has 
associatedd with it an interaction dialogue box. The toolbar of each builder (and the menu) 
showss the set of the tools that may be used. 

5.4.22 Builders 

Figuree 5.20 depicts the set of currently available builders in MOBUM. Except for the 
Quantityy and Quantity Space Builders, which organise their model ingredients in a tabu-
larr way, all other builders and the Toolbox are based on the graphical framework called 
JHotDraww [49], a Java based drawing package. Every builder inherits from abstract class 
Builderr and will manage a collection of graphs and other dialogue components. The 
specificc layout and number of these components will be defined by the concrete class 
constructor.. Each builder has its own menu and toolbar, both of which hold the main 
functionalitiess of the builder. 

Classs Builder inherits from class AvatarFrame, which provides access to the help sys-
temm and will be discussed later. 

-avatarActionPerformm 8 d: boolean 
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Figuree 5.20 
Implementedd Builders in MOBUM. 
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5.4.33 Graphs 

Graphss are graphical representations of domain concepts. Figure 5.21 shows the currently 
implementedd graphs. They all inherit from class Graph and represent specific domain 
objectss (e.g. GScenario represents class Block in the domain layer, see Figure 5.5). Every 
graphh contains vertices, which may be connected by arcs. 

Graph h 

GG Structur e GModelFragmen t t GScenari o o 

Figuree 5.21 
Implementedd Graphs in MOBUM. 

Inn order to satisfy the strict de-coupling requirement between the user interface and 
thee domain object model, while still being able to represent the actual state of the system, 
thee observer pattern [48] has been employed as a concrete implementation of the Model-
View-Presenterr pattern. Figure 5.22 depicts the details of the observer mechanism. An 
observablee object will have a list of observers interested in obtaining updates about its 
internall  state. Every time, an observable object changes its internal state, it invokes the 
notifyObserverss method. This method will go through the list of observers and will notify 
everyy single observer via an update message. This message will contain a reference to the 
observablee object, an identifier of the type of event that occurred as well as information 
neededd to completely describe the change of state. 

Inn this way the observable object does not have any direct coupling to the observer. 
Inn GKOM, all domain classes inherit from Observable, while in MOBUM all graphical 
representationss of domain classes implement the Observer interface. 

Ann example will be given next. Consider the class diagram of Figure 5.23. Classes 
Entityy Type and Entity pertain to the GKOM Library domain, while GEntityType and 
GEntityy are part of the user interface. Every object of class GEntityType will observe the 
internall  state of the object of class Entity Type to which it is associated. Whenever the 
namee of the entity Type changes via the setName method, all observers will be notified 
viaa their update method and will take appropriate actions. In this case the GEntityType 
objectt will change its label to the new entity Type's name. A similar action is taken by an 
objectt of class Entity, which will propagate the name change event of the entity to which 
itt is associated to its own observers, thus guaranteeing that the GEntity label of the object 
wil ll  be correctly updated. 
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Figuree 5.22 
Observerr Structure. 

5.4.44 Vertices and Arcs 

Everyy vertex may contain several graphic components and ports. A port represents the in-
terfacee between an arc and a vertex and may contain several snap point coordinates. Every 
arcc may also contain several graphic components, and an optional arrow tip at each end. 
Ass with the Graph class in the previous section (and following the same convention for 
givingg names, i.e. G+"domain class counterpart"), implementations of concrete versions 
off  the vertex and arc classes representing specific domain classes exist in MOBUM. Fig-
uress 5.24 and 5.25 show the class library. These apply the model-view-presenter pattern, 
previouslyy presented, in order to represent the present internal state of the domain. 

5.4.55 Support Module 

AA discussion of different approaches in supporting the model building task has been given 
inn Chapter 4. In this Section we will focus on the design and technical details of the help 
system. . 

Overview w 

Inn MOBUM, six personalities, implemented as agents, are employed to create a definite 
identityy for each one of the types of static and dynamic support as specified in Chapter 4. 
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Figuree 5.23 
Observerr Example. 
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Figuree 5.24 
Existingg Vertices in MOBUM. 
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Figuree 5.25 
Differentt Arcs. 

Eachh of the seven components in MOBUM, namely the five builders, the SWAN Sketch-
padd and the Causal Model Builder, is equipped with its own specific version of the various 
agents.. As shown in Figure 5.20, all builders inherit from class AvatarFrame. The class 
AvatarFramee is an abstract class that has abstract methods to trigger the help system of the 
model-buildingg environment. Each builder implements its specific version of the methods 
therebyy making the help system context-sensitive, meaning that help is provided based on 
thee builder that is currently being used. 

Inn the following, we describe how the various forms of static and dynamic user help 
aree generated. 
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Staticc Help 

Technically,, the static help system is implemented by means of HTML files which are 
displayedd inside a dialogue box. Each time one of the static agents is triggered by an 
event,, the source of the event, i.e. the builder in which it occurred, is sent as one of the 
argumentss of the event making it possible to invoke the builder's concrete implementation 
off  an agent, which will deliver a tailored HTML file with adequate help for the situation 
att hand. 

Figuree 5.26 shows an example of a static help dialogue box which was displayed upon 
clickingg on the How to agent in the Structure Builder. 
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Figuree 5.26 
Staticc Help Example. 

Dynamicc Help 

Thee dynamic agents provide advice to the user based on the current status of the model 
beingg built. In order to generate advice, the agents need a kind of intelligent reasoning 
engine.. Furthermore, they are capable of performing an analysis spanning several differ
entt builders within the model-building environment and therefore will need access to an 
effectivee communication mechanism. 

Thee communication and reasoning mechanisms are described in more detail below. 

Communicationn In order to communicate knowledge there must be a common internal 
representationn of communication. This common internal representation is provided 
byy the Agent framework. It implements a formalisation of knowledge that facilitates 
communication.. The framework provides a set of basic building blocks representing 
specificc knowledge facets. All knowledge communicated is transformed into a common 
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formm by means of these building blocks. 

BuildingBuilding Blocks 

Thee framework of the agent-based help system consists of knowledge objects, or fea-
tures,, each capturing a chuck of information that eventually may become an advice to the 
user.. These features can be instantiated and placed in a hierarchical structure, or ontology. 
Thee position in the hierarchy is determined by the type of the knowledge object. Further-
more,, these features can have attributes. These attributes are key-value pairs which can 
holdd properties of the knowledge objects. Think of properties such as colour. Associa-
tions,, or predicates, between knowledge objects are used to depict relations between the 
knowledgee objects. 

AA predicate connects one or more knowledge objects with a named relation. One 
wayy to think of predicates is to see them as groups of objects that belong to each other. 
Predicates,, features, types and attributes together form an ontology that facilitates the 
exchangee of knowledge. Since one common ontology is used for exchanging knowledge, 
aa common ground of communication between all participants is established. The entire 
sett of primitives is described as: 

Featuress The basic knowledge object is called a feature. This knowledge object always 
hass a type. This type determines the position of the object in the ontology. A feature 
preferablyy has a name, however this is not obligatory. 

Typess As mentioned above, the type determines the hierarchical position of the feature 
objectt in the ontology and is unique. The isa hierarchy is specified at a global level, 
noo specific local hierarchies exist. One root type element must be defined, it acts as 
thee top-level object. All elements must have a name. All except the root element 
mustt have a parent type. 

Attribute ss A feature can have a set of attributes. These are key-value pairs that can be 
sett and read at any time. 

Predicatess Features can have associations. Predicates describes these associations. A 
predicatee established a link to one or more features. These associations describe a 
kindd of relationship. For instance, a group relationship can be expressed using a 
predicatee between the grouping feature and the elements of the group. 

Implementation Implementation 

Figuree 5.27 depicts the translation architecture in the modelling environment. The 
threee helper classes are responsible for the transformation of their internal knowledge 
representationn into the knowledge representation of the Agent API. These classes trans-
formm specific knowledge into features with types, attributes and predicates. Considerer the 
followingg example: a graphical shape classified as Object in the SWAN Sketchpad will 
bee represented as a Feature of Type 'object' (any.swan.figure.object). A text label over-
lappingg this shape would be represented as a feature of type 'text' (any.swan.figure.text). 
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Figuree 5.27 
Thee translational architecture overview. 

AA predicate would represent the overlapping relationship. The predicate would be called 
'overlapping'' and would refer to both the 'text' feature and the 'object' feature. 

Reasoningg In order to provide intelligent support, certain reasoning capabilities 
mustt be included in the support system. This section discusses how advice, i.e. new 
knowledge,, is inferred. So as to be capable of communicating with the various agents, 
thee reasoning engine uses the Agent framework's common knowledge representation as 
describedd above. 

Rules Rules 

Inn order to derive new knowledge, the knowledge governing the inference process 
needss to be described. Inference knowledge is formally described by means of rules. The 
inferencee engine uses the common knowledge representation of the framework, i.e. rules 
aree given in the form of features, types, attributes and predicates. 

Everyy rule consists of a condition and a consequence, which act respectively as the if 
andd then parts of an equivalent if-then statement. When a condition is met its associated 
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consequencee becomes true. 
Ruless apply to a subset of features. This subset must be declared upon the definition 

off  the rule. The names of the features and types must be provided. These features will be 
visiblee only within the scope of the rule, that is to say no global features can be defined. 

ConditionsConditions consist of one or more statements. A statement can be given in the form of 
eitherr an equation relating attributes of the features, or a predicate on one or more features. 
Statementss are evaluated to be either true or false. An equation relating attributes is true 
wheneverr the equation holds. A predicate statement is true if the predicate exists in the 
knowledgee base. If more than one statement exists in a condition, they must be connected 
usingg connection symbols . The available connection symbols are 'and' and 'or' . The 
'and'' symbol describes a conjunction , that is, in order for the 'and' to be true, both of 
thee statements connected by the 'and' symbol must be true. The 'or*  symbol describes a 
disjunctiondisjunction and is true if at least one of the statements it connects is true. Furthermore, a 
statementt or a group of statements can be "booleanly" negated. 

ConsequencesConsequences consist of one or more predicate statements and/or attribute assign-
ments.. Predicates will be added to the common knowledge base if the rule applies. Simi-
larly,, attributes will be assigned if the rule applies. 

Ruless do not need to have names. Instead they can have titles and descriptions . Titles 
andd descriptions are passed on to the predicates they produce. They may subsequently be 
usedd by the user interface to display advice. Titles and descriptions are however optional. 

Rulee Language Specification 

Ruless are described using a formal rule language. Figure 5.28 depicts an example featur-
ingg two rules described using the rule language. 

Semantics::  Illustratio n by way of an Example 

InIn the example of Figure 5.28, the rules make use of two predefined types, ob j e ct and 
e n t i t y _ t y p e.. These types are defined as part of the above-mentioned shared ontology. 
Objj  e c ts refer to graphical objects defined in the SWAN sketchpad. E n t i t y - t y p es 
referr to entities in the Structure Builder. The first rule searches for graphical objects 
off  type "object" in the SWAN builder and tries to match their names with entities 
inn the Structure Builder. Each ob ject found to match an e n t i t y _ t y pe will get 
aa h a s _ e n t i ty predicate, which is added to the knowledge base. The second rule 
searchess for instances of type obj ect that do not hold a predicate relating them to an 
e n t i t y - t y pee and who's name attribute is not equal to "unknown". The combination of 
thesee two rules effectively maps the objects defined in the SWAN sketchpad onto entities 
createdd using the Structure Builder and identifies missing entities in the latter. 

Syntax x 

Ruless are defined by means of a Rule statement. This statement also defines the features 
itit  uses. The definition of a used feature consists of two parts, its type and its name, where e 
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RuleBaBee { 

usee object, entity_type,-

/**  ID: SBC-A-support * / 
Rulee {object o, entity_type e) { 

i ff  { 
o.nam ee «  e.nam e 

}}  the n { 
has_entity(o) ; ; 

} } 
} } 

/ **  ID :  SBC- A * / 
Rule(objec tt  o )  { 

i ff  { 
o.nam ee ! -  "unknown "  an d !has_entity(o ) 

}}  the n { 
advised(o) ; ; 

}}  titl e { 
Addd th e objec t  ${o.name }  t o th e structura l  mode l 

}}  explanatio n { 
Youu hav e draw n th e Objec t  ${o.name }  i n th e SWAN Sketchpad . 
Maybee yo u woul d lik e t o ad d th e objec t  a s a n entit y t o th e 
entit yy  hierarchy . 

} } 
} } 

} } 

Figuree 5.28 
Ann Example which makes use of the rule language: two rules in an example rule base. 

thee name must be unique within the scope of the rule. Multiple feature definitions are 
separatedd by commas. 

Thee obligatory structure of a rule consist of an i f (conditional) block, containing a 
statementt followed by a t hen (consequence) block eventually holding attribute assign-
mentss and association statements. A t hen block does not need to have any contents, but 
ruless would be senseless without it. 

Ruless are grouped into RuleBases. Typically, rule bases are stored in separate 
files.. A rule base consists of one or more rules. Furthermore it includes a use statement 
declaringg all types used within the rule base. 

5.4.66 Compiler 

Thee rule base compilation process consists of three steps: parsing, translating and assem-
bling.. Figure 5.29 illustrates the complete compilation process. Whenever a source code 
fil ee is read, it is first parsed into tokens. Tokens are the language specification primitives 
andd each one of them is of a certain type. The parsed tokens are subsequently mapped 
ontoo a hierarchy, depending on the type and location of the token within the source file. 
Thee resulting hierarchy of tokens is called the abstract syntax tree. For the purpose of 
discerningg the various tokens, the parser uses the language specification. Syntactically 
incorrectt files will be rejected. 
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codee abstract syntax tree executable fragments rule base 

interpretationn flp assemble -V V 
syntaxx check semantic check 

Figuree 5.29 
Thee parsing, translating, and assembling process of the rule base compiler. 

Thee second step consists of interpreting the abstract syntax tree and transforming it 
intoo an executable representation. For this purpose, executable rule objects are created, 
whichh make apparent the semantical structure and thus enable the semantical check which 
iss part of the interpretation process. Any semantics errors detected at this stage wil l cause 
thee interpretation process to abort and generate an error message. 

Finally,, the executable representation is assembled into a rule base instance. Rules are 
placedd into the corresponding structures and the rule base is prepared for execution. At 
thiss stage no additional check is needed. 

Inferencee Engine 

Thee inference engine takes a rule base and a knowledge base as its input. The rule 
basee holds procedural knowledge describing the mechanics of the inference process, the 
knowledgee base holds the facts, or knowledge, which wil l be used to infer upon. 

Rulee Base A rule base holds the rules that are used by the reasoning engine to infer 
neww facts to be added to the knowledge base. The R u l e B a se class makes viable 
thee search and retrieval methods included in the reasoning engine and also keeps 
trackk of the state of the applied rules in the reasoning progression. A rule base acts 
ass a rule repository. For each distinct context a different rule base, or combination 
off  rule bases, can be deployed. 

Knowledgee Base The knowledge base consisting of features and predicates, acts as a 
storagee depot for facts (a kind of working memory). The inference engine uses 
thesee predicates and features for the rule base to infer upon. New inferred facts are 
inn turn added to the knowledge base. The K n o w l e d g e B a se class is organised in 
aa way that makes possible an efficient implementation of the search and retrieval 
methodss and thus assists the reasoning engine in its reasoning process. 

Figuree 5.30 summarises the whole inference process. It starts off with an initial 
knowledgee base. This initial knowledge base is derived from the internal representation 
off  the model and other components in the modelling environment. The first reasoning 
stepp consists of searching for rules that apply to the current knowledge base. 
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Figuree 5.30 
Reasoningg Engine overview. 

Thesee rules are then executed, eventually creating new knowledge and adding it to the 
knowledgee base. This new knowledge could consist of new predicates or new attribute 
values.. At this stage the whole inference process is repeated from the start based on the 
neww knowledge base. A record of the rules that have been applied is kept so as to prevent 
thee repeated application of the same rules. This loop involving search and rule application 
wil ll  continue until there are no more rules left to apply. 

Ass depicted in Figure 5.28, advices are actually predicates of a certain class. At the 
endd of the reasoning process, the knowledge base is queried for predicates of that class. 
Thee producing rule provides them with a description and a title, which are then displayed 
usingg the graphical user interface. 

5.55 Discussion and Conclusions 

Thiss chapter has presented the design of MOBUM, a prototype model-building environ-
mentt for constructing qualitative models. The design of MOBUM was strongly influenced 
byy the experimental results with HOMER (see Chapter 3). Those results highlighted a 
numberr of issues concerning the user interaction as well as issues in supporting the task of 
thee users. These newly gained insights were taken into account in the designn of MOBUM. 
Thee major differences between HOMER and MOBUM are: 

•• User Interface and Interaction. The interaction in HOMER varies between builders. 
Inn some builders the interaction is via menu and in the other builders, the interaction 
iss via buttons in the builder. MOBUM attempts to offer a more consistent and 
flexiblee user interaction. All builders employ the same interaction style. All builders 
havee menus, buttons on a toolbar and drop-down menus. Always, to create or edit 
aa model ingredient the user interacts with specific dialogs. 
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•• The ability to run the simulation and inspect the result. The integration with 
GarpApplett enables the user to directly run the created model. In the case of 
HOMER,, the user needs to save the model to disk, which, in turn can be run and 
inspectedd using a separate program, namely VISIGARP [15]. 

•• User Feedback. The agent-based help provides support to the modeler at different 
levels:: It gives support concerning conceptual knowledge and as it reasons on the 
knowledgee constructed that results in advice about completeness and correctness 
off the model. The agent-based help system explores and inspects the content of 
existingg model ingredients (in a specific builder or across the whole model), iden
tifyingg useful actions that could be performed within these model ingredients and 
presentingg them in the form of advice. 

•• Abstraction tools: SWAN SketchPad and Causal Model Builder. The SWAN sketch
padd provides the modeler with a drawing tool for sketching purposes. It enables 
modelerss to make a quick and unconstrained drawing of their ideas. Sketching is 
viewedd as an important (first) step in the model-building process [108]. The Causal 
Modell Builder supports the modeler in formalising and specifying the causal model 
withoutt being concerned with all other aspects of the model. 

Thiss chapter has illustrated through a number of examples how MOBUM differs from 
HOMER.. In fact, die main difference between MOBUM and the HOMER environment is 
inn the number of builders and the help system implemented in MOBUM. Despite the over
alll User Interface organisation and look-and feel, the builders are functionally similar to 
thee ones in HOMER: they facilitate the construction of similar models. The ToolBox and 
Causall Builder provide functionalities that do not have a counterpart in HOMER. Addi
tionally,, MOBUM facilitates the execution of models, by simulation, and the visualisation 
off the simulation results as an integrated part of the workbench. 

Finally,, the design methodology followed in this research was an interactive design 
cyclee which consisted of the stages: Design, Prototype, Evaluate. In order to design 
aa user-friendly tool we first needed to define its user base and domain coverage. This 
leadd us to defining the ambitious specifications of the tool, namely, that it should follow 
aa domain-independent approach and be useful to different types of users, ranging from 
novicess to experts. 

Basedd on the results of a rational task analysis and the list of visualisation principles, 
aa first prototype of a model-building tool was designed. The effects of the tool were 
investigatedd by means of an experimental study. This study raised some issues and a series 
off ideas for improvement which were used in the design of MOBUM. An evaluation of 
MOBUMM was performed and is presented in Chapter 6. 
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MOBUMM Experiment 

Thiss chapter documents two studies on model-building environments. 
Inn the first study we examine the manner in which subjects use 
MOBUMM to solve model-building tasks. Analyses of the actions of the 
subjectss (novices and experts), verbal communications and interviews 
weree conducted in order to pinpoint to what extent MOBUM is effec-
tivee in supporting modelling tasks and how easy it is to use. The second 
studyy compared novices users of MOBUM and HOMER in performing 
modellingg tasks. The study addresses questions of usability, preferences 
off  the participants for one system over the other, the help functionality 
off  the engine (its usefulness for successful completion of tasks) and the 
perspectivess of participants on the use of such systems. 

6.11 Introductio n 

Thiss chapter describes and discusses the results of two studies performed using our two 
modell  building environments. In the first study, MOBUM, a model building environment 
designedd and implemented within the scope of this research, is used. MOBUM was de-
velopedd based on the outcomes of the experiment with HOMER (see Chapter 3) with the 
goall  of overcoming the problems found therein. MOBUM assists users in developing and 
understandingg qualitative modelling concepts. The research questions addressed in this 
studyy are: a) to what extent are the improvements and features of MOBUM effective in 
supportingg the model building process? and b) Is MOBUM an easy to use model building 
environment?? What are the shortcomings of the current implementation? 

Thee second study is a comparison between the two systems presented in the scope of 
thiss research: MOBUM and HOMER. The main research question in this study addresses 
thee ease of use and the preferences of the users for either model building environment. We 
expectt that the participants will like MOBUM better due to improvements that lead to an 
easierr to use interface. Following this expectation, we also expect that by being easier to 
use,, participants are going to perform better in their modelling tasks and therefore produce 
betterr results. 

Thee chapter is organised as follows. The first study is presented in Sections 6.2 and 
6.3.. The second study is described in Section 6.4. The chapter ends with the conclusions 
andd discussion in Section 6.5. 
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6.22 MOBUM Evaluation 

Thiss section presents the experiment for evaluating MOBUM. The aim is to assert to 
whatt extent the features of MOBUM effectively support users in building models. For 
thatt purpose, three main aspects are considered in this experiment: the progress of the 
participantss during their model building activities, their interaction with the user interface 
andd their qualitative evaluation of the system during an interview. 

6.2.11 Method 

Participants s 

AA total of 7 participants were recruited to take part in the experiment, three of whom 
weree considered novices in model building. One of the three novices never had had any 
contactt with qualitative reasoning and modelling in general. The other two had some basic 
knowledgee about qualitative reasoning but had never experimented with any modelling 
activity.. The remaining four participants were considered to be experts. Experts, in this 
context,, are considered to be users that have built qualitative models before. The purpose 
off  the novice/expert distinction was not to compare the performance of the two, but rather 
too ensure that an adequate range of users was covered. For this purpose, the participants 
weree given tasks which corresponded to their capabilities. In fact, with this experimental 
setupp the help system as well as the user interface could be broadly tested and evaluated. 

Designn and Data Gathered 

Thee assignments were designed to match the participants levels of expertise as much 
ass possible to allow everyone to adequately experience the tool as well as giving us the 
opportunityy to effectively evaluate the embedded help system. Expert users were therefore 
givenn tasks that were difficult to complete and for which we would expect them to require 
somee additional help in order to be able to successfully complete the assignment. The 
samee applied for the tasks given to the novice users. Although they were not as difficult 
ass the ones given to the experts, the probability was high that a beginner would need some 
help. . 

Thee expert subjects were asked to construct a simulation model of an U-tube system 
fromm scratch. The task was essentially the same as the one used in the Homer Experiment 
(seee Appendix B for a complete specification of the assignment). The subjects received 
documentationn containing the assignment, a short explanation of the employed qualitative 
modellingg terms as well as a brief introduction to the MOBUM Environment. 

Forr novices, three sequential assignments were planned. As soon as the subjects com-
pletedd one assignment the following was presented to them. A brief introduction to the 
modellingg task, "Garfield's weight" (see Appendix C for details) was given beforehand. 
Thee main task for the participants was to determine the effect of food intake and physi-
call  exercise on the weight of Garfield. The participants were also handed documentation 
containingg a general introduction to building qualitative models which they were allowed 
too read for 7 minutes. Each session lasted one hour. 
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Additionally,, in both situations (novices and experts) a drawing, illustrating the sit-
uationn the participants should model, was available in the SketchPad, the drawing tool 
off  MOBUM. So, for the experts, a drawing of the U-Tube system was available and for 
novicess a drawing of the Garfield system. The participants were not requested to use 
thee drawing as a reference. It was explained that the drawing depicted only a general 
overvieww of the system they should model, see Figure 6.1 for illustration. 

Figuree 6.1 
Thee drawing available for the novices in the experiment. 

Al ll  computer actions as well as verbal data for each of the sessions were recorded on 
videoo in order to facilitate analysis. Two types of data were collected in order to evaluate 
MOBUM:: 1) screen information and 2) the verbal utterances of the participants. Partici-
pantss were asked to think aloud as much as possible. An added value of the "think aloud" 
protocoll  is that the user provides us with valuable information regarding the reasoning 
underlyingg the actions taken during the model building task. 

Inn order to evaluate the user interface and its usability, the heuristic evaluation method 
wass used [83], as was also done previously in the evaluation of the user interface of Homer 
inn Chapter 3. A usability problem occurs whenever a participant sets out to accomplish a 
taskk but fails to do so due to an unexpected behaviour of the model building environment. 

Inn order to measure the usefulness of the help system, we observed at which moments 
aa help agent was requested and if the given feedback was sufficient for clearing the doubts 
off  the subjects about the problem at hand. Additionally, the questions posed by the par-
ticipantss to the experiment leader were analysed to verify whether they were in principle 
coveredd by the implemented help system in which case they could just as well have been 
solvedd by the help agents. While the participant completed each task, the experimenter 
notedd the number of times an agent was used and the number of different approaches 
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attemptedd within the help system (that is: the type of agent-based help facility that was 
consulted).. In order to measure the participants' performance, the models they created 
weree compared to existing models created by experts. 

6.33 Results of the MOBUM Evaluation 

Thiss section describes the results of the MOBUM evaluation following the approach taken 
inn Chapter 3. Firstly we describe confusions and misconceptions detected during model 
buildingg activities (Section 6.3.1). Every description is followed by an explanation, ex-
ampless and, in some instances, protocol fragments. This part also includes a discussion 
aboutt the usage of agents. Secondly, the feedback of the participants on the user inter-
facee is presented (Section 6.3.2). This feedback is analysed within the framework of the 
Heuristicc Evaluation method. Notice that in the following two sections the results are 
dividedd into two categories according to the level of the participants, i.e. either novice 
orr expert. Finally, the qualitative evaluations of the participants of the model building 
environmentt are presented, Section 6.3.3. 

6.3.11 Model building activities 

Novices s 

Similarr to what was done in Chapter 3, the problems encountered by the participants 
duringg the model building activities are classified into types. The types used in Chapter 3 
aree summarised in Table 6.1. Notice that below in this section a few additional problem 
typess are defined (notably 16, 17, and 18) in order to describe the MOBUM evaluation 
results. . 

Understandingg and using the concept of an isa hierarchy (Type 1). One participant 
failedd to understand that while creating the entities and thereby specifying its super-
type,, the is-a hierarchy is automatically defined. The participant defined an explicit 
is-aa relation between two entities (Garfield is-a cat) in the Structure Builder as well 
ass in the Scenario Builder. This is possibly due to the fact that in the Structure 
builderr the user creates the hierarchy of entities, the attributes, as well as relations 
betweenn those entities. 

Understandingg the relation between a Quantity and its Quantity Space (Type 3). 
Onee of the participants did not realise that every quantity space has its own specific 
namee and therefore named the quantity space with a quantity name. The name 
off  the values in the quantity space, however, were all correct (E.g. Fat, normal, 
skinny). skinny). 

P5:: Garfield has another 'Quantity Space', Weightl 

Understandingg a Model Fragment Type and its implications (Type 4). When 
addingg a new item to a model fragment, the user interface requests the user to 
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NR R Type e Definition n 

6 6 

7 7 

8 8 

9 9 

10 0 

11 1 

12 2 

13 3 

14 4 

15 5 

Understandingg and using the con-
ceptt isa hierarchy 
Decidingg upon which quantities to 
define e 

Understandingg the relation between 
aa Quantity and its Quantity Space 

Understandingg a Model Fragment 
Typee and its implications 

Decidingg upon structural decompo-
sition n 

Decidingg upon which behaviour to 
assignn to which entity 
Understandingg and using the notion 
off  configuration 
Thee difference between an Attribute 
andd a Quantity 

Understandingg Quantity Space def-
initions s 
Understandingg and using depen-
dencies s 
Understandingg the organisation of 
Modell  Fragments (and Scenarios) 

Understandingg the differences 
betweenn generic knowledge (i.e. 
types)) and instantiated knowledge 
(i.e.. user-defined names) and 
knowingg when to apply either 

Nott knowing how to specify values 

Decidingg upon which values to in-
cludee in a quantity space 
Attribute-Configurationn confusion 

Thee user's awareness of the fact that entities should be 
hierarchicallyy organised. 
Onee of the principal tasks when modelling a system con-
sistss of defining the quantities that describe the behaviour 
off  its entities. 
Thee understanding of the two concepts quantity and 
quantityy space and how they are used within the ontol-
ogy. . 
Thee understanding the different types of model fragments 
ass well as how the knowledge they represent must be or-
ganised. . 
Thiss category is concerned with the way that entities are 
usedd in different contexts as opposed to focussing on the 
entitiess themselves. 
Relatingg quantities to the right entities. 

Thee understanding of the configuration concept as well 
ass knowing where and how to use it. 
Thee understanding the difference between describing an 
entity'ss static features, conceptualised as attributes in the 
vocabularyy of GARP, and its dynamic behaviour, repre-
sentedd by quantities in the same ontology. 
Understandingg the rules for defining quantity spaces. 

Understandingg of the different types of dependencies and 
theirr correct use in model fragments and scenarios. 
Understandingg of the different types of knowledge and 
howw they can be specified within model fragments and 
scenarios. . 
Understandingg the difference between: 1) Generic 
knowledge,, which in our ontology includes the entities 
off  the isa-hierarchy, configurations, quantities and quan-
tityy spaces. 2) Instantiated knowledge, categorising in-
stancess and occurrences of generic knowledge used in 
modell  fragments and scenarios in order to express a spe-
cificc situation. Different instances of the same concept 
aree identified by user-defined names. 
Unawarenesss of the role of defining initial values espe-
ciallyy in scenarios. 

Optimall  definition of values for expressing the change of 
behaviourr of quantities. 
Conceptuall  misunderstanding as to the correct use of at-
tributess and configurations. 

Tablee 6.1 
Identifiedd Types of Problems. 

choosee whether that item will be a conditional or a consequential knowledge item. 
Whilee creating a model fragment, two participants pointed out that they did not 
understandd the notions of Conditions and Consequences. 
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Thee difference between an Attribut e and a Quantity (Type 8). One of the partici-
pantss confounded the 'attribute' concept with that of a quantity. Consequently, 
thee participant defined all the quantities in the model using attributes (E.g. Weight). 

Understandingg Quantity Space definitions (Type 9). The difference between the no-
tionss of 'points' and 'intervals' was unclear to one of the participants. 

P1:: I am not sure when it should be a 'point' or an 'interval'. 

Anotherr participant was intrigued by the existence of the default quantity space 
'MZP'.. Remarkably, the same participant defined quantity spaces upsidedown. 

Understandingg and using dependencies (Type 10). One of the participants wanted to 
addd an influence to a Scenario. Another participant requested help of the experiment 
leaderr to clarify the difference between an influence and a proportionality. 

Nott  understanding derivatives (Type 16). This type refers to misunderstanding the 
meaningg of a derivative's values. A participant was in doubt about the derivative 
optionn when adding a quantity to a model fragment. At that point, the derivative of 
thee quantity could have been specified but the participant did not know yet what it 
meant. . 

Confusionn between entities and quantities in the Structure Builder  (Type 17). 
Twoo subjects defined what they intended to be quantities as entities in the Structure 
Builderr (E.g., "weight" and "amount of food" were defined as entities). 

Figuree 6.2 gives an overview of the amount of misconceptions/problems participants 
had,, categorised according to the identified types. In total the three novices encountered 
244 difficulties. 

lillLj i i 
Typee 1  Typ e 3  Typ e 4  Typ e 8  Typ e 9  Typ e 1 0 Typ e 1 6 Typ e 1 7 

3 3 

Figuree 6.2 
Numberr of Problems categorised according to the above mentioned types (Novices). 
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Runningg a simulation. Within the novice group, only one participant (PI) did not com-
pletee the creation of a scenario following the first assignment and therefore was not able 
too run the model using the simulator. The other novices integrally finished the first as-
signmentt and simulated their models. The last of the three participants finished the first 
assignmentt in 40 minutes and the second assignment in 8 minutes. Interestingly, this 
participantt decided to manipulate initial values in the scenario and recheck the results by 
rerunningg the simulation. 

Helpp and support on model building activities. Without exception all novices found 
thee agents useful and essential. The agent-based help facility was essential in aiding 
thee participants in solving conceptual problems. For example, two participants (PI, P2) 
wronglyy specified the quantities in their models as entities using the Structure Builder 
(Typee 17). When specifying a model fragment, one of them realised that it was not possi-
blee to define dependencies between 'entities' but only between 'quantities'. So, the par-
ticipantticipant backtracked and consulted the agent to understand what had been done wrongly. 
Inn doing so, the participant learned what the mistake was. The following protocol was 
extractedd from the interview with the participant. 

P1:: I had never built models before. It is a complex activity and I had to learn it 
now... . 
II had to develop the concepts while I built the model (e.g., Garfield is an entity; 
weightt is a quantity) Now it all makes more sense... 
Thee feedback and the suggestions are positive features and are very useful. 

Ass already pointed out, this participant (PI) had no knowledge about (qualitative) 
modellingg and consequently also no understanding about 'points' and 'intervals' in a 
quantityy space. But during the process of creating a quantity space, the participant learned 
aboutt them. It took the participant 15 minutes to specify the first quantity space, 2 minutes 
forr the second and 30 seconds for the third. In another case (Type 16), after consulting 
thee agents, the participant found the explanation about derivatives and understood their 
meaning.. Later, the participant returned and used the concepts correctly. 

Tablee 6.2 summarises the types of problems novices encountered during their model 
buildingg activities. We verified who solved the problems (agents or experiment leader) 
andd checked whether the problems solved by the experiment leader could also have been 
solvedd by consulting the agents. 

Discussionn and Conclusions. It is encouraging to see that almost all the problems en-
counteredd by the participants were or could have been solved by consulting the agent-
basedd help facility. Only the order of the values of a quantity space was not covered by 
thee agent-based help facility. A mechanism to verify this order as well as an explanation 
aboutt the reason behind it should be included in the agents. Additionally, not too many 
typess of errors occurred and it is interesting to notice that most of the ones that did occur 
weree similar to problems participants had in the HOMER experiment, only fewer. In the 
HOMERR experiment, 15 types of problems were encountered by four participants, see 
Tablee 6.1, while in the MOBUM experiment 8 types were encountered. Among these 8 
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Type e 

1 1 
3 3 
4 4 
8 8 
9 9 
9 9 
10 0 
16 6 
17 7 

Duringg the experiment solved by 

Experimentt Leader 
Participantt and agents 
Participantt and agents 

Experimentt Leader 
Concepts:: point/interval: agent 

QSS upsidedown: Experiment Leader 
Experimentt Leader and help 

Agents s 
Agents s 

Answerr available via the agent-based help facility 

/ / 
/ / 
/ / 
/ / 
/ / 
no o 

/ / 
/ / 
/ / 

Tablee 6.2 
Summaryy of problems with model activities (Types). 

problemm types two new types emerged, Type 16 and Type 17. These problem types were 
neww types which had not beenn observed in the HOMER Experiment. 

Consideringg the four categories defined in Chapter 3, all the problem types found 
inn the MOBUM experiment fall into the category of model building Concepts. Figure 
6.33 illustrates the average number of errors that participants had in the HOMER experi-
mentt compared with the average of the number of errors encountered by the novices in 
MOBUM.. Certainly, the assignment given to the novices cannot be compared to the as-
signmentt given to the participants in the HOMER experiment. Thus, we did not expect 
too find errors concerning structuring the model and scoping the model in the MOBUM 
experimentt since that assignment did not enforce such decisions. Additionally, the draw-
ingg which was given to the participants in the SketchPad of MOBUM may have been 
off  help for the participants because it already included the main model ingredients, the 
entityy Garfield and the quantities. Moreover, the SketchPad information is also used by 
thee agents in order to support the participants. On the other hand, problems concern-
ingg the categories of model building concepts and representing the model were expected. 
Thee novices did not have conceptual knowledge and also did not know how to represent 
thatt knowledge. Therefore, looking at the number of problems encountered (only in the 
modelmodel building concepts category) and how these problems were solved, or could have 
beenn solved, suggests that MOBUM indeed supports the model building process. 

Experts s 

Thee results of the analysis of problems encountered by the expert users during their model 
buildingg activities are also classified into Types. The enumeration of the types follows the 
samee scheme as presented in Table 6.1 and when a problem encountered does not belong 
too any of the already defined types a new type is created. Similarly, the enumeration of 
eachh problem is followed by an example and a protocol transcription when appropriate. 

Understandingg and using relations (Type 7). One of the participants had a persistent 
problemm with creating structural relations and was constantly creating and deleting 
modell  ingredients of this sort. It seems that the participant was not sure where the 
structurall  relation should be specified and was constantly trying new configurations 
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•• MOBUM-

Scoping g Structuringg M odel Building Representing the 
Conceptss Model 

Figuree 6.3 
Resultss of the MOBUM experiment (novices) and HOMER Results. 

withinn the Structure Builder. Later, during a model fragment creation, the same 
participantt requested help for specifying a relation, which was strange, as the person 
hadd already created such a relation using the Structure Builder. It seems that there 
wass a conceptual confusion with regard to using relations. 

Understandingg and using dependencies (Type 10). 
theirr confusion about dependencies. 

Twoo participants demonstrated 

P3:: In fact, I would like to know what exactly is a proportionality... 
P4:: I am wondering where I need (to specify) the direction of the 'flow' 

Anotherr participant requested help regarding the specification of inequalities be
tweenn a quantity and its value and in another instance this person inquired about 
creatingg an inequality featuring three quantities (Flow = PI - P2). Yet another par
ticipantt was puzzled when creating an inequality using 3 quantities. The problem 
off this participant was partially attributable to the tool and partially to the fact that 
thee participant was unacquainted with this particular modelling issue. 

Understandingg model fragment organisation (Type 11). Although no help was re
quested,, participant P3 demonstrated difficulties in understanding the differences 
betweenn conditions and consequences. 

Runningg a model without a scenario (Type 18). Three of the experts asked whether 
itt was possible to run a simulation with their model at a time when they had not yet 
createdd a scenario. They had to be told that it was not possible because a scenario 
iss essential for running a simulation. 

Thee types identified above were compiled and categorised based on the questions that 
thee participants asked to the experiment leader as well as on observations made by the 
experimentt leader after having concluded the experiment. Figure 6.4 shows the occur-
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rencee of problems classified according to their type. In total the experts encountered 10 
difficulties. . 

Typee 7 Type 10 Type 11 Type 18 

Figuree 6.4 
Numberr of problems classified according to the identified types (Experts). 

Runningg a simulation. Table 6.3 gives an overview of the models produced by the 
participants.. Although there were some missing model parts, all participants were able to 
finishfinish their assignment. Two participants were able to actually run a simulation and get a 
behaviourr prediction. The other two were able to run their model, but their simulation did 
nott result in any states due to missing model ingredients in their models. 

Usingg the simulation inspection tools embedded in MOBUM, these participants tried 
too verify, for instance, which model fragments fired during the simulation. In fact, all 
createdd model fragments should have fired during the simulation. So, they went on de-
buggingg their models in order to solve the problem. However, due to the short time left 
(eachh session lasted one hour), the debugging session was not successfully completed . 

P3 3 
P4 4 
P6 6 
P7 7 

Finishh the Assignment 

/ / 
/ / 
/ / 
/ / 

Runn Simulation 

no o 
no o 
/ / 
/ / 

Missingg Parts 

Modell  Fragment: a dependency, Scenario: Initial Values 
Scenario:: Initial Values and an inequality 

Scenario:: an inequality 

Tablee 6.3 
Statee of the models created by the expert users. 

Helpp and support on model building activities. The experts did not seem to use the 
agentsagents to solve problems. When the experts got stuck, they consulted the experiment 
leader.. However, the participants might as well have consulted the agents, as their prob-
lemss could have been dealt with using the agent-based help facility, see Table 6.4. They 
onlyy used the agents to assess the help potential by trying the help in different situations. 
However,, when trying the agents they got inspired with the advices given. 

Anotherr support feature frequently consulted was the SketchPad, the drawing tool of 
MOBUM,, which had the U-Tube drawing on it. The participants were consulting the 
drawingg in order to verify if their model included all the details presented in the drawing. 
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Type e 

7 7 
10 0 
11 1 
18 8 

Duringg the experiment solved by 

Experimentt Leader 
Experimentt Leader 
Experimentt Leader 
Experimentt Leader 

Answerr available via the agent-based help facility 

/ / 
/ / 
/ / 
/ / 

Tablee 6.4 
Summaryy of problems with Model Activities (Types). 

Discussionn and conclusions. Only a few types of problems were detected with the ex-
perts.. Three out of the four types appeared also in the experiment with HOMER (Type 7, 
10,, and 11). It is interesting to notice that two of these types of problems, Understanding 
andand using dependencies and Understanding model fragment organisation, were the main 
problemss encountered during the experiment with Homer. The new type, Type 18, that 
appearedd in the MOBUM experiment was Running a model without a scenario. 

Categorisingg the encountered problems according to the four types as defined in Chap-
terr 3 most of the problems belong to the class of model building Concepts and just one 
problemm to the Representing the Model category. Figure 6.5 shows a comparison between 
thee problems encountered in the MOBUM and HOMER experiments. Remarkably, in 
HOMERR a total of 67 problems were observed while in MOBUM only 10 problems were 
observed.. These results indicate that the features implemented in MOBUM, e.g. agent-
basedd help facilities and SketchPad, helped in overcoming problems and therefore better 
supportedd modelers in building their models. 

00 25 

11 20 
II  15 

10 0 

5 5 

0 0 
Scopingg Structuring Model Building Representing 

Conceptss the Model 

Categories s 

Figuree 6.5 
MOBUMM experiment results (experts) versus HOMER experiment results. 

Figuree 6.6 summarises the usage of the agents by our novice and expert participants. 
Ass expected, the novices requested help in all the builders and the requested help was of 
differentt kinds. Experts on the other hand needed help mainly in the context of model 
fragmentss and they accessed the local agent most frequently. This may be explained by 
thee fact that creating a model fragment involves manipulation of all the single model in-
gredientss created previously, as well as determining relations between them. Apparently, 
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aa M I ihj 
Structuree Builder Quantity Builder Quantity Space Model Fragment Scenario Builder 

Builderr Builder 

DD Cross Builder 

Experts s 

 How to 

 What is 

DD Local 

OO Cross Builder 

Structuree Bulkier Quantity Builder Quantity Space Model Fragment Scenario Builder 

Builderr Builder 

Figuree 6.6 
Usagee of the agents by novices and experts. 

thee local agent could serve as a kind of memory to the users by suggesting possible actions 
withinn the builder. 

6.3.22 Results: User Interface Evaluation 

Ass was also done in the experiment with HOMER, Chapter 3, the problems encountered 
whilee using the tool were catalogued according to the heuristic evaluation method [83]. 
Thiss section provides an overview of the results found during the evaluation sessions, 
includingg a list of events where the identified heuristics were violated. The results for the 
novicess and experts are presented separately as before. 

Novices s 

General.. The system allows users to select objects with which the participant may do 
nothingg afterwards. The participants got confused because they thought that all 
thatt could be selected could be subsequently manipulated (which was not the case) 
(Violationn of: Error Prevention). 

Mainn window. Two of the subjects did not find the way to access the Model Fragment 
Builder.. They sought their answer trying out all menu bar options. The experiment 
leaderr had to tell them that it was only possible to access the Model Fragment 
Builderr through the main toolbar buttons (Violation of: Visibility of system status). 
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Modell  fragment librar y window. Double clicking on the type of a Model Fragment 
wass expected to initiate a new Model Fragment by one of the subjects (Violation 
of:: Consistency and Standards). 

Creatingg a new quantity space. In the Quantity Space Builder dialog, the 'Below' and 
'Above'' buttons were confusing when there was no value (initial situation). Two 
subjectss had a problem with using these buttons under those conditions (Violation 
of:: Visibility of system status). It was also noticed by the actions of one of the 
participantss that the task of changing a point to an interval was missing in this 
window.. In fact, this task is not supported by the system. In this case, the way out 
iss to delete the created value and create a new one again. (Violation of: User control 
andand freedom). 

Scenarioo builder. At two instances, one of the subjects was confused by the Scenario 
Builderr because it looked too similar to the Model Fragment builder. Consequently, 
thee subject did not know for sure whether he was working on a scenario or on a 
modell  fragment (Violation of: Visibility of system status). A missing functionality 
detectedd by the actions of one of the subjects was the possibility to just copy and 
pastee objects from a model fragment to a scenario (Violation of: User control and 
freedom). freedom). 

Modell  Fragment Builder. One of the subjects intended to change the quantity space 
off  a Quantity that belonged to a Model Fragment. However, the system does not 
alloww the modification of a quantity if it is used elsewhere in the model (Violation 
of:: User control and freedom). 

Experts s 

General.. User selections are used in MOBUM to determine the intended modelling 
actions.. Multiple selections can therefore not be used to move several items as is 
normallyy done in mainstream graphical user interfaces. (Violation of: Consistency 
andand Standards). 

Afterr giving an error message, the system aborts the task that is currently being 
workedd on and the user is forced to start over (Violation of: Error prevention). 

Thee system allows users to select objects with which the participant may do nothing 
afterwards.. After having selected an object, the system allows the user to do nothing 
withh it by blocking every action which will lead to inconsistencies. It would be more 
sensiblee to not let the user select the object in the first place. (Violation of: Visibility 
ofof system status). 

Modell  fragment library . Double clicking a Model Fragment does not open the model 
fragmentt in the builder in order to edit its content (Violation of: Consistency and 
Standards). Standards). 
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Quantityy Space builder. The value "zero" in the 'New QS' was not visible to one of 
thee participants. (Violation of: Visibility of system status). The participant did 
nott notice the default presence of the value "zero" in the 'New QS' dialog. He 
consequentlyy added the value 'zero'. 

Scenarioo builder. Two of the subjects complained about the absence of the copy and 
pastee mechanism. The participants did not want to specify everything again like 
theyy had done in the model fragment builder. 

P4:: Can I copy and paste? 
Iss there a way to include these (all quantities) automatically? 

P6:: I am not going to model everything again? Right? 

Discussionn and conclusions. Figure 6.7 presents an overview of the heuristics violated 
inn the MOBUM study, for novices as well as experts. The heuristic violations from the 
experimentt with HOMER are also included for comparative purposes. Notice that the 
numberr of errors are averaged over the subjects. Most of the occurrences of errors and 
complaintss are related to the Visibility of the System Status. This was true for both novices 
andd experts which used MOBUM (but also in the HOMER experiment). Even when con-
sideringg both, novices and experts, the users in MOBUM encountered much less usability 
problemss than the users of HOMER. Additionally, some of the errors encountered were 
duee to the existence of simple bugs, e.g. the double-clicking on a model fragment name 
inn the Model Fragment Library and allowing the selection of objects that the user could 
nott do anything with. These bugs should be fixed in a next version of the software. 

Speciall  attention should be given to redesigning the window for creating a new quan-
tityy space (i.e. the 'New QS Dialog'). Novices as well as experts experienced problems 
usingg this editor. Another point of disappointment for most of the participants, was the 
missingg functionality of a 'copy' and 'paste' mechanism, especially while creating sce-
narios.. Participants thought that it would be possible to copy and paste objects that had 
alreadyy been created thereby substantially reducing their efforts. 

•• MOBUM-Novtes 

•• MOBUM-Expem 

DD HOMER Results 

Errorr Prevention Visibility of System UserGintroland Consistency and Flexibility and 
Statuss Freedom Standards Efficiency of Use 

Figuree 6.7 
Heuristicss violated in MOBUM (novices and experts) and HOMER. 
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6.3.33 Reflection of the Users 

Thiss section provides an overview of the results obtained from the evaluation sessions 
includingg the analysis of interviews and a list of useful comments and suggestions made 
byy the participants concerning the overall design of the tool. Phrases such as "What do 
youu think about the environment?", "What do you like about the tool?", "What did you 
nott like?", "What are your suggestions for improvement?" were frequently used during 
thee interview to elicit more information from users. 

Whatt  did you lik e about MOBUM ? Table 6.5 shows the answers of the participants 
whenn asked to describe which features they liked most about the tool. Except for one 
participantt (P6), all participants explicitly mentioned that they liked the agent-based help 
facilitiess and were positive about its usefulness. Only one of the participants did not com-
mentt on the 'visual appearance' of MOBUM (P2), all the others made positive comments 
aboutt the overall user interface design (icons, graphics). Two participants (P3, P7) appre-
ciatedd the compositional nature of the Structure Builder. One participant compared the 
Structuree Builder to an ontology builder. 

PI I 

P2 2 
P5 5 

P3 3 

P4 4 

P6 6 
P7 7 

Overalll  comments on goodd features 
(i)) The feedback and suggestions are a good feature, very helpful. 
(ii)) The help is essential. 
(iii )) Visually, diagrammatic, is very good. 
(i)) It was not so difficult to build the model. 
(i)) The agents are really useful. Especially, the local agent, which gives feedback in 
yourr model. 
(ii)) Visually, diagrammatic, is very good. The graphics are nice. 

(i)) I like the agents. The overall approach to build models is quite ok. 
(ii)) I like the way it looks; The builders are self explanatory. 
(i)) I liked the agents, especially the 'Cross builder' because it gives advises about the 
content. . 
(ii)) The icons in the environment are clear. For example, in the Structure Builder, it 
lookss like an ontology builder. 
(i)) I liked it! 
(i)) The agents put me on the trail. 
(ii)) I liked the 'Sketch Pad'. 
(iii )) The different ways to initiate the creation of things (menu + toolbar). 
(iv)) The interface moving things around. 
(v)) I think the Structure Builder is an improvement. 

Tablee 6.5 
Generall  impressions about MOBUM (novices: PI, P2, and P5, experts: P3, P4, P6, and P7). 

Commentss and suggestions for  improvements During the interviews the participants 
weree asked to suggest the features which in their view should be improved. They were 
alsoo asked to comment on the overall design of MOBUM. The answers, summarised in 
Tablee 6.6, indicate that the comments/suggestions could be roughly grouped into two 
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broadd categories, one concerning the features of the agents, the other concerning the user 
interfacee design, considering both its presentation and functionality. 

Thee first group of general comments/suggestions points out the need for changes in 
somee of the features of the agents. Two suggestions referred to the detailed textual infor-
mationn inside an agent dialogue (the advices). One problem with displaying advice was 
thatt all further suggestions for possible model building actions were based on the content 
off  the model at that specific instant. The amount of information given was sometimes 
excessive.. Indeed, two participants (P3, P4) acknowledged during the interview, that the 
advicee highlighted too many issues for a user to process. P3 suggested that the advices 
shouldd have an order of relevance and stressed the need for having a more direct feed-
backk in the form of e.g. "Now, build your scenario". Similar suggestions were given by a 
novicee (P5) who asked for more guidance on the sequence of model building tasks. Two 
participantss (PI, P2) suggested changes concerning the 'static agents', How to and What 
is.is. In their view, the textual information contained 'too many similar words'. Also a par-
ticipantt suggested that the static agents could be made part of the main application (i.e. 
moree global) instead of being available within each builder in order to avoid confusion in 
thee builders. 

Onee participant, P5, would like to have an overview of what the agents could do. The 
participantt had only used some of the agents because he did not know in which way they 
couldd have helped him. 

Although,, within the static agents it is possible to navigate through the contents via 
hyper-links,, one of the participants missed the functionality of searching for keywords. 

Thee second group of comments/suggestions refers to the design of the user interface 
whichh also reflects the way in which model concepts are created and manipulated. One 
participantt (P5) was skeptical about the model building tasks and the design of the tools. 
Thee participant thought both, tasks and tools, were extremely complex. One point cited 
wass the quantity space concept attached to a quantity. For the participant, a quantity is a 
conceptt (e.g. 'weight') that has a set of possible values (skinny, normal and fat) and there-
foree it is not necessary to use another concept (the quantity space) to represent this set of 
values.. Missing functionalities were noticed especially within the model fragment and 
scenarioo builders. They were pointed out by two of the participants, P3 and P6. Firstly, 
theyy suggested that a hide/show functionality should be implemented in order to aid one 
inn focusing on just a subset of a model fragment's aspects, thereby avoiding the risk of 
aa cluttered visual representation of the complete model fragment. Secondly they sug-
gestedd the implementation of a 'copy' and 'paste' mechanism. In fact, most participants 
weree frustrated by the way in which a scenario had to be built, as they needed to create 
knowledgee which was already obvious from the contents of a previously created model 
fragment.. Two contradictory comments were made about the Structure Builder. While 
aa novice (P2) thought that it was confusing to specify entities, relations and attributes 
insidee the same builder, an expert, P7, commented that the Structure Builder was like 
ann ontology builder. P4 complained about the way in which relations are built. Instead 
off  selecting origin and destination and subsequently naming the relation, the participant 
wouldd rather have preferred to draw a line between the entities involved and then to give 
itt a name. The same participant also did not appreciate the fact of being obliged to specify 
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Commentss or suggestions 

PI I 

P2 2 

P5 5 

(i)) In the Builder's Help there is too many similar terms: *The QS Builder is the place to create 
Quantityy Spaces..." 

(i)) I suggest not to put all agents in all builders. The 'what is' and 'how to' could be placed as 
generall  help. 
(ii )) The Structure Builder is ambiguous because you have the is-a and also other relations be-
tweenn entities. 

(i)) Extremely complex both the task and the tool. For instance, the idea of having the Quantity 
Spacee concept attached to an object (quantity). 
(ii )) It should have more guidance towards sequence in which the tasks should be performed. Like 
whenn booking a flight, you have 5 steps, now you are in 'step 1' go to 'step 2'. 
(iii )) Maybe it could have an explanation about what the agents do. I did not use others (only 
'whatt is' and 'local') because I did not know what they could do for me. 

P33 (i) Sometimes the agents gave too much advisors widi complex sentences. I think the advises 
shouldd have an order of relevance. The agent does not say when you are finished. I would like 
too have something like: Now, build your scenario. The agents advises are not conclusive instead 
theyy are open feedback. 
(ii )) A help about 'calculus' should be more explicit. 
(iii )) The system should give precise feedback, for instance, concerning the order of the relations 
(LHSS and RHS). 
(iv)) The Model Fragment Builder gets cluttered when a number of model ingredients are in-
cluded. . 

P44 (i) The agents are sometimes a bit too much. 
(ii )) Defining structural relations were not straightforward, it was complicated. I prefer to draw a 
linee between the entities and after that to give a name. Also, I would rather prefer to specify a 
relationn in a Model Fragment without being obliged to create it beforehand in the other builder 
(Structuree Builder). 

P66 (i) Debugging the model is difficult. 
(ii )) Help: different levels of the problem that I have, you can not search for keywords. 
(iii )) The way of building a scenario: copy and past is missing. 
(iv)) The representation of the quantity on the screen is too much, not needed. I miss the 
'hide/show**  functionality. 
(v)) The notion of conditions and consequences confuses me. Two parts in one editor. 

P77 (i) I did not like the extra steps: deciding what to include from a conditional model fragment. 

Tablee 6.6 
Commentss and suggestions for improvement. 

thee building blocks before using them in the model constructs. 

6.44 Comparison Study between MOBUM and HOMER 

Thiss section describes the comparison study between MOBUM and HOMER using novice 
modell  builders. The main goal of this comparison study was to see whether differences 
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couldd be found in the preferences of the participants for MOBUM or HOMER, and thus 
whichh one is more easy to use. 

Wee anticipated that participants would prefer MOBUM above HOMER mainly due to 
twoo reasons. Firstly, because of the agent-based help facility implemented in MOBUM, 
participantss would be able to find answers to questions such as "How to do this?" or 
"Whatt does it mean?", whereas in HOMER no help is provided in this way. Secondly, 
MOBUMM was expected to be easier to use, because the user interface of MOBUM looks 
moree familiar to computer users. This is mainly attributable to the more common way of 
interactingg with the user interface, e.g. the main options within the builders are available 
inn the menu as well as in the toolbar following the general trend of mainstream desktop 
applications. . 

6.4.11 Method 

Twoo situations with alternative sequences in which both programs were presented to the 
userr are compared within this study. The situation in which the participant uses MOBUM 
firstfirst and subsequently HOMER is labelled MOBUM-HOMER for short. The inverse 
situationn is labelled HOMER-MOBUM. 

Participants s 

Twenty-eightt first-year Psychology students were asked to participate in this study. Since 
thee participants were first-year university students, we could be quite certain that they 
hadd littl e knowledge about building qualitative models. In addition, we ensured that none 
off  the participants had had any previous contact with the two software systems being 
evaluated. . 

Designn and Data Gathered 

Thee participants were randomly divided into two groups of 14 students. One of the groups 
startedd working with MOBUM for one hour and then changed to HOMER using it for 
thirtyy more minutes. For the other group the order of the two programs was reversed, i.e. 
onee hour using HOMER and subsequently 30 minutes using MOBUM. 

Participantss were asked to complete tasks which were tailored to match their level 
off  competence to allow them to adequately experience the functionality of both systems. 
Whilee working on the various assignments we kept in mind that the time available for 
performingg the tasks was limited. Furthermore, the main goal of the assignments was to 
providee the participants with the possibility of using all the functionality of the systems 
soo as to be better equipped to answer the questionnaires. The safest way of guaranteeing 
thatt the participants used all of the functionality of the system was to initially give them 
simplee model building tasks and later guide them towards more complex aspects of model 
building. . 

Att the beginning of each session, the experiment leader explained the experiment to 
thee participant as well as the goals emphasising that we were not evaluating their model 



6.4.6.4. COMPARISON STUDY BETWEEN MOBUMAND HOMER 159 9 

buildingg nor their computer skills but the quality and usability of the systems. They were 
thenn asked to complete the first questionnaire. The first questionnaire (A) was about the 
generall  attitude towards the use of computers. It gathers general information about the 
participants,, such as, weekly time spent using computers, attitude towards computer tasks 
andd preference of using a computer over watching TV. 

Afterr the introduction to the experiment, the participants were given eight minutes to 
readd a short introduction about qualitative modelling. This introduction was accessible 
too them for the duration of the whole experiment. Subsequently, the assignment was 
handedd out. Each participant was left alone in a room with semi-transparent/one-way 
glassess so that the experiment leader could monitor the actions of the participant without 
intervening.. In the case the participants had problems they were allowed to call for help 
fromm the experiment leader. 

Thee assignment consisted of building a Garfield model using each one of the two 
modell  building systems. Thus, first one hour with MOBUM and then half an hour with 
HOMER,, or the other way around. The participants were then asked to complete four 
questionnaires.. The first two questionnaires referred to their experiences with the sys-
tems:: one referring to MOBUM (QM), the other to HOMER (QH). The third question-
nairee (comp) referred to a direct comparison between the two systems and the fourth 
questionnairee (E) was concerned with a general evaluation of the experiment. Table 6.7 
givess an overview of the sequence of tasks, the time to complete the tasks and question-
naires.. Additional data was gathered by counting the model ingredients produced by the 
participantss with the goal of verifying their productivity when working with the systems. 
Appendixx C.3 presents the complete questionnaires. 

Condition n 

Mobum-Homer r 
Homer-Mobum m 

Quest t 
77 min. 

A A 
A A 

Tasks s 
88 min. 

readingg introduction 
readingg introduction 

600 min. 
Mobum m 
Homer r 

300 min. 
Homer r 
Mobum m 

Questionnaire e 
155 min. 

QM M 
QH H 

QH H 
QM M 

Comp p 
Comp p 

E E 
E E 

Tablee 6.7 
Sequencee of the questionnaires and tools in the experiment. 

Thee QM and QH questionnaires, collected the opinions of the participants about the 
tools,, MOBUM and HOMER, on the (ranked) issues of: overall user interface design, 
thee ease of use of the system, the helpfulness of the help system provided by the tool 
(seee Table 6.8). The questions were measured using a 5-point scale ranging from 1 ("I 
disagree")) to 5 ("I agree"). Only one option could be selected. 

Thee Comp questionnaire forced the participants to make a direct comparison between 
thee two systems. In this questionnaire a small adjustment was made in order to account for 
thee order in which both programs were used, i.e. either MOBUM-HOMER or HOMER-
MOBUM.. In the case the participant worked first with MOBUM the question in this 
questionnairee takes the following format: MOBUM is easier to user than HOMER. Had 
thee participant used HOMER first the question would be the same but then formulated 
withh the order of the program names inverted: HOMER is easier to user than MOBUM. 

Finally,, the last questionnaire was concerned with a general evaluation of the exper-
iment,, the assignment and the software packages. It includes issues such as the clarity 
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11 The various screens of [MOBUM][HOMER] are insightful and understandable 
22 The program [MOBUM][HOMER] is ease to use 
33 The use of colour in [MOBUM] [HOMER] is insightful and understandable 
44 The error messages that [MOBUM] [HOMER] presents are good 
55 The help and support that [MOBUM] [HOMER] offers is good 
66 The icons used in [MOBUM] [HOMER] are insightful and understandable 
77 The navigation between the different screens of [MOBUM] [HOMER] is user friendly 

Tablee 6.8 
Questionss of QM and QH questionnaires. 

off  the tasks in the assignment and the suitability of the systems. See Table 6.9 for the 

completee list. 

11 The assignment in the experiment was clearly formulated 
22 Software systems, such as the ones used in the experiment, make the users to think 

structuredd about... 
33 Simulation models, such as the ones in the experiment,... 
44 The error messages that [MOBUM] [HOMER] presents are good 
55 Software systems, such as the ones used in the experiment, should be better used in 

thee following levels (More than one option can be selected) 

Tablee 6.9 
Generall  questions about the experiment. 

6.4.22 Results 

Appreciationn of each tool. A summary of the results of the QH and QM question-
nairess is shown in Table 6.10. Overall there was a strong preference for MOBUM over 
HOMER.. Consequently, a significant difference between the two conditions: the evalua-
tionn of MOBUM, mean 3.6 with std. deviation 1.1, and the evaluation of HOMER, mean 
2.44 with std. deviation 1.2 (1 = Strongly disagree, 5 = Strongly agree). See also Figure 
6.88 and Table 6.10 for the details. 

Thee result of the fifth question (The help and support that [MOBUM/HOMER] offers 
areare good.) is quite interesting and tells us that there has been an improvement by MOBUM 
whenn compared to HOMER. QM scored with a mean of 3.5 while QH's mean was 1.8. 

Thee internal consistency based on the average inter-item correlation, indicates that the 
resultss of both questionnaires are sufficiently reliable. Coefficients of reliability of .83 
andd .76 (Cronbach's a) were obtained for the QH and QM questionnaires respectively. 

AA variance analysis was performed to find out if the order in which the experiments 
weree performed, i.e. MOBUM first and then HOMER or vice-versa, would have an in-
fluencefluence on the results of the experiment. The seven responses in each condition for each 
participantt were averaged so that each participant contributed one data point in each con-
ditionn for the analysis. The ANOVA test of the two conditions show that the two groups 
doo not differ significantly in their responses (F(l, 26)= 2.592, p =.119). From this anal-
ysiss we can therefore conclude that the data obtained in these two situations did not differ 
significantlyy and as such no measurable effect on the appreciation of any of the tools or the 
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QH-Questionn 1 
QH-Questionn 2 
QH-Questionn 3 
QH-Questionn 4 
QH-Questionn 5 
QH-Questionn 6 
QH-Questionn 7 

QH-- Total 
Validd N (listwise) 

N N 
28 8 
28 8 
28 8 
28 8 
28 8 
28 8 
28 8 
28 8 
28 8 

Minimum m 
1.00 0 
1.00 0 
1.00 0 
1.00 0 
1.00 0 
1.00 0 
1.00 0 

Maximum m 
5.00 0 
4.00 0 
5.00 0 
5.00 0 
3.00 0 
5.00 0 
4.00 0 

Mean n 
2.4 4 
2.0 0 
3.0 0 
2.5 5 
1.8 8 
2.7 7 
2.5 5 
2.4 4 

Std.. Deviation 
1.4 4 
1.1 1 
1.2 2 
1.2 2 
1.0 0 
1.2 2 
1.2 2 
1.2 2 

QM-Questionn I 
QM-Questionn 2 
QM-Questionn 3 
QM-Questionn 4 
QM-Questionn 5 
QM-Questionn 6 
QM-Questionn 7 

QM-- Total 
Validd N (listwise) 

N N 
28 8 
28 8 
28 8 
28 8 
28 8 
28 8 
28 8 
28 8 
28 8 

Minimum m 
1.00 0 
1.00 0 
1.00 0 
1.00 0 
1.00 0 
2.00 0 
1.00 0 

Maximum m 
5.00 0 
5.00 0 
5.00 0 
5.00 0 
5.00 0 
5.00 0 
5.00 0 

Mean n 
3.6 6 
3.3 3 
3.8 8 
3.1 1 
3.5 5 
3.8 8 
3.8 8 
3.6 6 

Std.. Deviation 
1.1 1 
1.3 3 
1.1 1 
.9 9 
1.3 3 
1.0 0 
1.0 0 
1.1 1 

Tablee 6.10 
Answerss on the general impressions about HOMER and MOBUM. The mean score of HOMER based on 
QHH is 2.4 whereas MOBUM scores 3.6 using QM . 

scoree in general was detected. Table 6.11 summarises the results of the ANOVA variance 
analysis. . 

Mobum-Homer r 
Homer-Mobum m 

Total l 

N N 

14 4 
14 4 
28 8 

Mean n 

39.2143 3 
44.5000 0 
41.8571 1 

Std. . 
Deviation n 

9.25019 9 
8.08370 0 
8.93895 5 

Std. . 
Error r 

2.47222 2 
2.16046 6 
1.68930 0 

95%% Confidence 

Lowerr Bound 
33.8734 4 
39.8326 6 
38.3910 0 

Intervall  for Mean 

Upperr Bound 
44.5552 2 
49.1674 4 
45.3233 3 

Min n 

22.00 0 
33.00 0 
22.00 0 

Max x 

56.00 0 
57.00 0 
57.00 0 

Betweenn Groups 
Withinn Groups 

Total l 

Summ of Squares 
195.571 1 

1961.857 7 
2157.429 9 

df f 
1 1 
26 6 
27 7 

Meann Square 
195.571 1 
75.456 6 

F F 
2.592 2 

Sig. . 
.119 9 

Tablee 6.11 
ANOVAA analysis demonstrating that the order in which the programs were presented to the participants had 
noo influence on the overall results of QM and QH. 

Additionally,, there is a significant preference for MOBUM over HOMER when only 
thee first tool is measured in both of the situations described above (z=2.7, p=0.007). See 
tablee 6.12 for details. The same happens when only the second tool is measured (z=3.6, 
pp < 0.0005).See table 6.13 for details. . 

Again,, the reliability of the results of the QH and QM questionnaires in their roles as 
evaluatorss of the first tool, MOBUM =.71 and HOMER =.75 (Cronbachs a) as well as in 
theirr roles as evaluators of the second tool, MOBUM =.80 and HOMER =.88 (Cronbachs 
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HOMKR R MOBUM M 

Figuree 6.8 
Thee means for the QM and QH questionnaires. 

Thee first 
evaluatedd tool 

Thee orderr of the tools 
Mobum-Homer r 
Homer-Mobura a 

Total l 

N N 
14 4 
14 4 
28 8 

Meann Rank 
18.64 4 
10.36 6 

Summ of Ranks 
261.00 0 
145.00 0 

Mann-Whitneyy U 
Wilcoxonn W 

Z Z 
Asymp.. Sig. 

(2-tailed) ) 
Exactt Sig. 

[2*(l-tailedSig.)] ] 

Thee first 
evaluetedd tool 

40.000 0 
145.000 0 
-2.674 4 
.007 7 

.007(a) ) 

Tablee 6.12 
Thee Mann-Whitney (non-parametric) test for the first QM and QH questionnaires, Üiat is MOBUM in the 
MOBUM-HOMERR condition and HOMER in the HOMER-MOBUM condition. 

a)a) was verified. Thus, even when the questionnaires are used to evaluate only the first or 
onlyy the second tool, the significant preference towards MOBUM is apparent. 

Comparisonn Questionnaire This questionnaire asks the participants to compare the 
firstfirst tool used with the second one. The results of these questionnaires are supplemental to 
QHH and QM and strengthen the results obtained from their analysis. Notice that since this 
questionnairee is used to compare the first tool to the second one, the questions will differ 
accordingg to the order in which the programs were presented to the participant (MOBUM-
HOMERR and HOMER-MOBUM). For simplicity, we considered the scale ranging from 
"II  strongly agree" to "I strongly disagree" to be symmetric, that is to say, for instance, 
thatt when the answer to the question The screens in MOBUM are more insightful and un-
derstandablederstandable than the screens in HOMER " is "I agree", the assumption is made that this 
answerr is equivalent to answering "I disagree" to the question: The screens in HOMER 
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Thee second 
evaluatedd tool 

Thee order of the tools 
Mobum-Homer r 
Homer-Mobum m 

Total l 

N N 
14 4 
14 4 
28 8 

Meann Rank 
8.96 6 
20.04 4 

Summ of Ranks 
125.50 0 
280.50 0 

Mann-Whitneyy U 
Wilcoxonn W 

Z Z 
Asymp.. Sig. 

(2-tailed) ) 
Exactt Sig. 
[2*(1-tailed d 

Sig-)] ] 

Thee second 
evaluatedd tool 

20.500 0 
125.500 0 
-3.575 5 
.000 0 

.000(a) ) 

Tablee 6.13 
Thee Mann-Whitney (non-parametric) test for die second QM and QH questionnaires, that is MOBUM in 
thee MOBUM-HOMER condition and HOMER . 

areare more insightful and understandable than the screens in MOBUM. Thus, the disliking 
off  one tool is viewed as being equivalent to the liking of the other tool. There are argu-
mentss against this reasoning as the two statements are clearly not interchangeable. As 
such,, this questionnaire should only be viewed as supportive of the preceding two and not 
ass an entity on its own. 

Thee results of this comparative questionnaire support the previous findings where 
theree is a significant preference of MOBUM over HOMER (z=4.4, p<0.0005). The reli-
abilityy factor is high (Cronbachs a=.9). See table 6.14 for details. 

Compare e 
total l 

Thee order of the tools 
Mobum-Homer r 

Homer-Mobum m 
Total l 

N N 
14 4 

14 4 
28 8 

Meann Rank 
21.32 2 

7.68 8 

Summ of Ranks 
298.50 0 

107.50 0 

Mann-Whitneyy U 
Wilcoxonn W 

Z Z 
Asymp.. Sig. 

(2-tailed) ) 
Exactt Sig. 

[2*(( I-tailed Sig.)] 

Comparee total 
2.500 0 

107.500 0 
-4.401 1 
.000 0 

.000(a) ) 

Tablee 6.14 
Thee Mann-Whitney of the Comp questionnaire. 
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Generall  attitude questionnaire The first questionnaire in the experiment is about the 
generall  attitude of the participants towards computers. The results of this questionnaire 
aree presented here just as additional information about the profiles of the participants. 

Tablee 6.15 shows that most participants think they spend a normal amount of time 
usingg computers. The hours per week spent on working with the computer has a modal 
off  30 minutes and a mean of about 10 hours. 

Valid d veryy rarely 

rarely y 

normal l 

frequently y 

veryy frequently 

Total l 

Frequency y 

1 1 

6 6 
9 9 

9 9 

3 3 

28 8 

Percent t 

3.6 6 
21.4 4 

32.1 1 

32.1 1 

10.7 7 

100.0 0 

Validd Percent 

3.6 6 

21.4 4 

32.1 1 

32.1 1 

10.7 7 

100.0 0 

Cumulativee Percent 

3.6 6 

25.0 0 

57.1 1 

89.3 3 

100.0 0 

Tablee 6.15 
Thee computer usage of the subjects in the experiment.. 

Aboutt 70% of the subjects say they have very littl e programming experience, 21% 
saidd they had littl e experience and only 7% said to have some experience, see Table 6.16. 
Nonee of the subject claimed to have much or very much experience with programming. 

Valid d veryy littl e 
littl e e 

normal l 
Total l 

Frequency y 
20 0 
6 6 
2 2 
28 8 

Percent t 
71.4 4 
21.4 4 
7.1 1 

100.0 0 

Validd Percent 
71.4 4 
21.4 4 
7.1 1 

100.0 0 

Cumulativee Percent 
71.4 4 
92.9 9 
100.0 0 

Tablee 6.16 
Thee programming experience of the subjects.. 

93%% of the subjects affirmed to have private access to computers, only about 7% 
statedd not to have private access to computers, Table 6.17. The Dutch average for 2001 
wass about 74%' having private access to computers. 

Valid d yes s 

no o 

Total l 

Frequency y 

26 6 

2 2 

28 8 

Percent t 

92.9 9 

7.1 1 

100.0 0 

Validd Percent 

92.9 9 

7.1 1 

100.0 0 

Cumulativee Percent 

92.9 9 

100.0 0 

Tablee 6.17 
Thee access to private computers. 

Thee majority of the subjects were quite positive towards working with a computer. 
Thee average was above the middle of the scale (scaling from 1 to 5, with a middle of 3), 
ass Table 6.18 confirms. 

Finally,, it seems that the subjects slightly prefer watching TV to working with a PC 
(seee Table 6.19). 

'Thiss figure is taken from the CBS database. The figure was taken on November 2001 
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Valid d disappointing g 

noo opinion 

nice e 
veryy nice 

Total l 

Frequency y 
2 2 

7 7 

18 8 

1 1 

28 8 

Percent t 

7.1 1 

25.0 0 

64.3 3 

3.6 6 

100.0 0 

Validd Percent 

7.1 1 

25.0 0 

64.3 3 

3.6 6 

100.0 0 

Cumulativee Percent 

7.1 1 

32.1 1 

96.4 4 

100.0 0 

Tablee 6.18 
Attitudee towards working with a computer. 

Valid d disagree e 
partiallyy disagree 

neutral l 
partiallyy agree 
partiallyy agree 

Total l 

Frequency y 
8 8 
6 6 
8 8 
4 4 
2 2 
28 8 

Percent t 
28.6 6 
21.4 4 
28.6 6 
14.3 3 
7.1 1 

100.0 0 

Validd Percent 
28.6 6 
21.4 4 
28.6 6 
14.3 3 
7.1 1 

100.0 0 

Cumulativee Percent 
28.6 6 
50.0 0 
78.6 6 
92.9 9 
100.0 0 

Tablee 6.19 
Preferencee of watching TV compared to working with a computer ((dis)agreement with the statement: "I 
preferr working with a computer above watching TV") . 

Generall  evaluation of the experiment This final questionnaire was a general evalua-
tionn of the experiment and the presented software. It included questions about the clarity 
off  the assignment, the use of the software in general, the use of the software in educational l 
contexts,, and building models in educational contexts. 

Figuree 6.9 shows the results of this questionnaire. Two questions in this questionnaire 
Ql:: "Understandability of the assignment" and Q2: "The software promotes structured 
thinkingg about the behaviour of the system" had a positive trend; most subjects were 
mildlyy positive about them. Only one subject in Ql thought the assignment was unclear. 
Inn Q2, the answers of the participants are more regularly distributed. 

Thee answers towards Q3 were neutral ("Building models helps understanding the be-
haviourr of a system"). Most positive answers have been given to Q4 ("Interactive learn-
ing,, by articulating and organising knowledge in a computer tool, is preferred over gaining 
knowledgee by reading and listening"). 

Measuringg the Productivity A method for measuring the productivity [54] was devel-
opedd in order to evaluate and score the models created by the participants. This is done in 
aa straightforward manner by enumerating the model parts, categorising them and extract-
ingg an overall figure of merit for the productivity of the participant2. These model parts 
aree the building blocks (the entity hierarchy, relations, attributes, quantities and quantity 
spaces)) and the specification of these building blocks within model constructs (model 
fragmentss and scenarios). The scoring is based on three categories: 

22 A more complex method for measuring complexity of Garp Models has been developed by [77] 
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Figuree 6.9 

Resultss of the general evaluation. 

CC Correct model parts 

EE Erroneous model parts 

SS Superfluous model parts 

Thee values for these separate categories were measured for each model, either using 
MOBUMM or HOMER, and a total score was calculated as: 

P = C - (EE + S), 

wheree P is the total productivity. For each participant two models, one created with 
MOBUMM and one created with HOMER, were scored using the above method. 

Thee results after scoring the models produced with MOBUM and HOMER using the 
above-mentionedd method shows that there is no significant difference between the models 
producedd with one or the other (the T-test gives t=1.93, df=27, p=0.063, see Table 6.20). 
Analysingg the correct model parts only, the difference however is significant (t=2.049, 
df=27,p=0.05,, see Table 6.21). Although there is a 'small' significant difference between 
thee two groups, no strong conclusions can be drawn due to high variance among the 
subjectss (MOBUM: mean=18.6 st. with deviation=16.6, and HOMER: mean=13.5 st. 
withh deviation=l 1.0). The data shows an extremely high variance of the score, and thus an 
extremelyy high standard deviation. The created models vary highly between the individual 
subjectss and even between the conditions of individual subjects. 

Summaryy of the Results 

Thee results of the comparison study show a strong preference for MOBUM over HOMER. 
Forr all questions in Questionnaires QM and QH, MOBUM scored higher than HOMER. 

 I disagree 

•• I disagree a little bit 

DD Neutral 

DD I agree a little bit 

•• I agree 
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Pair r 
1 1 

Totall  Score 
Mobum m 

Totall  Score 
Homer r 

Mean n 

18.6429 9 

13.5357 7 

N N 

28 8 

28 8 

Std.. Deviation 

16.63823 3 

10.98309 9 

Std.. Error Mean 

3.14433 3 

2.07561 1 

Pairl l Totall  Score 
Mobumm * Total 
Scoree Homer 

N N 

28 8 

Correlation n 

.556 6 

Sig. . 
.002 2 

Pairr 1 Totall  Score 
Mobumm -Total 
Scoree Homer 

Mean n 

5.1071 1 

Pairedd Differences 

Std. . 
Deviation n 

13.93726 6 

Std.. Error 

Mean n 

2.63390 0 

95%% Confidence Interval 
off  the Difference 

Lower r 

-.2972 2 

Upper r 

10.5115 5 

t t 

1.939 9 

df f 

27 7 

Sig. . 
(2-tailed) ) 

.063 3 

Tablee 6.20 
Thee T-Test for comparing the total of results from MOBUM with the total of results from HOMER. 

Pair r 
1 1 

Correctt scores 
forr mobum 

Correctt scores 
forr bomer 

Mean n 

21.0357 7 

15.1429 9 

N N 

28 8 

28 8 

Std.. Deviation 

18.08310 0 

11.16779 9 

Std.. Error Mean 

3.41739 9 

2.11051 1 

Pairl l Correctt scores 
forr mobum * 

Correctt scores 
forr homer 

N N 

28 8 

Correlation n 

.545 5 
Sig--
.003 3 

Pairl l Correctt scores 
forr mobum -

Correctt scores 
forr homer 

Mean n 

5.8929 9 

Pairedd Differences 

Std. . 
Deviation n 

15.21778 8 

Std.. Error 
Mean n 

2.87589 9 

95%% Confidence Interval 

off  the Difference 

Lower r 

-.0080 0 

Upper r 

11.7937 7 

t t 

2.049 9 

df f 

27 7 

Sig. . 
(2-tailed) ) 

.050 0 

Tablee 6.21 
Thee T-Test for comparing only correct model parts. 

Thee results are weak for the measure of the productivity of both tools. We expected that 
byy being more easy to use and giving more guidance in terms of the help engine, the 
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differencee in productivity would be higher. However, there was a high variance among 
thee participants and therefore no strong conclusions can be drawn with respect to this 
issue. . 

6.55 Discussion and Conclusions 

Qualitativee analysis of system behaviour is an important aspect of science teaching. 
MOBUMM is a tool that supports users in the process of building qualitative models in 
aa learning-by-doing context, and demonstrates that users can learn satisfactorily about 
modelling.. The main conclusions that can be drawn from the research reported in this 
chapterr are the following: 

1.. Besides only allowing the building of syntactically correct models, MOBUM pro-
videss model building support from a content point of view. The help system im-
plementedd in MOBUM has knowledge about the model construction process and 
thee actual status of the model. This help system coaches users in building models 
beyondd the syntactic level. The results of our first study have shown that the help 
systemm was essential in enabling the participants to accomplish their tasks. In fact, 
mostt of the problems of the participants were solved by interacting with the imple-
mentedd agent-base help facility. Only in a few instances did the experiment leader 
intervenee or had to be called in order to provide help. 

Analysingg the usage of the agents by the novices as well as by the experts partic-
ipants,, we conclude that the usage of the help system by novices was more dis-
tributedd within builders and agents. The novices did not possess conceptual knowl-
edgee and as such had to acquire it in order to understand their task. Therefore, 
ass expected, we can see that the What is agent was regularly used in all builders. 
Guidancee in acquiring model building skills involves coaching the user in: 

•• understanding the ontology for building qualitative models 

•• manipulating tools with which they can represent the model 

•• not allowing them to construct erroneous models (only allowing syntactically 
correctt models by providing only correct primitives to build models) 

•• learning the way that model parts interact with each other. 

Experts'' usage of the agents was more centred around the Model Fragment Builder 
andd the most used agent was the Local agent, which provides feedback with regard 
too the actual state of the model. The confusions and misconceptions that arose could 
bee solved by consulting the agents and that was one of the main goals of the help 
system:: to decrease the cognitive load. As one of the participants mentioned: "the 
agentss put me on track". 

2.. The user interface of MOBUM was clearly appreciated by all participants in 
bothh experiments. The comparison study, between MOBUM and HOMER, doc
umentedd in this chapter strengthens the positive attitude towards the user interface 
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off  MOBUM. In both situations, HOMER-MOBUM and MOBUM-HOMER, there 
was as a strong preference for MOBUM over HOMER. 

Thee development of the MOBUM system incorporated a number of design decisions. 
Thesee decisions were mainly based on the aims of minimising the cognitive load of the 
userr while preserving the generality of a domain independent approach. As a result, the 
agent-basedd help facility is applicable to any model constructed with the system. The 
generalityy of the help system is one of the main features of MOBUM, and hence every 
extensionn to the help system should be carefully considered so as to maintain this general-
ity.. A number of suggestions for improvements can be pointed out. They are summarised 
beloww and can be a source for future developments. 

Helpp System Possible improvements to the Help system and agents are the following. 
Firstly,, making the language within the static help, i.e. How to and what is, more clear and 
insightful.. The text to explain concepts and how to perform tasks can be more elaborate 
andd should avoid repeating words, as suggested by one participant. Secondly, allowing 
searchh for keywords and also a mechanism to directly access the desired information 
shouldd be implemented. For instance, the user could select an object on the screen and 
subsequentlyy call for the What is agent. Thirdly, the use of priorities within the advices 
couldd be added by ranking the rules. Then not too many advices would be available at the 
samee time and the agent could control which advice had already been given so as to not 
too show it next time. 

Thee first and second items do not require any significant change to the present system. 
Therefore,, this can be easily done without substantial adjustment and would increase user 
satisfactionn with the help system. The third item requires modifications of the reasoning 
engine.. However, these modifications are domain independent. 

Generall  User  Interface Design Some problems with the design of the user interface 
havee been pointed out and deserve further attention. At least, four main points should be 
addressed.. The most important one concerns the missing functionalities of 'copy'/*paste' 
andd 'hide/show', which were a major point of dissatisfaction with the current system. 
Especiallyy when creating a Scenario, this was a cause of frustration and when a model 
fragmentt consisted of a large number of ingredients the 'hide/show' option was needed. 
Secondly,, a re-implementation of the editor for building a new quantity space is needed, 
becausee it currently lacks important functionality. Thirdly, the way of including a model 
fragmentt as a condition must be changed. This third point can be easily resolved by 
addingg the 'copy' and 'paste' functionality, so that the user could select only the parts 
thatt he wants and copy them into another model fragment. The fourth point concerns the 
conceptt of a 'quantity space'. This is a difficult concept to grasp for the novices. It is 
nott the concept of a quantity having a set of possible values that is difficult to understand 
butt the idea of having a name to refer to the list of possible values. Depending on the 
audience,, this concept should be better addressed or camouflaged. 
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Conclusionss and Discussion 

Thiss thesis started from the idea that modelling and more specifically qualitative mod-
ellingg is a central skill in scientific reasoning. Enabling and encouraging the creation of 
domainn theories, which can be instantiated to model specific situations, should help one 
too understand the broad applicability of scientific principles and processes. Qualitative 
modellingg provides formalisms for expressing intuitive, causal models and the reasoning 
techniquess needed to generate predictions and explanations from them, thereby explicitly 
renderingg the consequences of the ideas that someone has. Qualitative reasoning for-
malismss provide the expressive power needed to capture the intuitive, causal notions of 
manyy human mental models. 

Whilee the representational ideas of qualitative modelling are ideal for science educa-
tion,, the formalisms typically used to express them are not directly suitable for learners 
becausee their use requires expert level programming. Making these formalisms available 
throughh graphical means is, we believe, the missing piece of the puzzle for making the 
fulll  potential of qualitative reasoning accessible to a broader audience. Models provide 
aa means to externalise thought. Graphical representations help reduce working memory 
load,, allowing students to work through more complex problems. Such external represen-
tationss also help them present their ideas to others for discussion and collaboration. 

Wee set out to accomplish the ambitious goal of defining a domain-independent model-
buildingg methodology as well as designing and implementing a corresponding model-
buildingg workbench. The workbench should be usable by a wide range of users, active 
inn different kinds of science teaching curricula. Three main research questions followed 
fromm this and guided the research carried out in the PhD project. Firstly, what are the 
taskss involved in qualitative model building? Secondly, how will the model-building 
environmentt be visualised on screen, particularly concerning the model contents? Thirdly, 
whatt kind of support should be provided for users while constructing a model? 

AA series of activities were engaged with the aim of defining the optimal model-
buildingg methodology and implementing a user-friendly, broadly applicable software 
packagee for model construction. Below the important conclusions of this enterprise are 
enumerated d 

7.11 Main Results 

Basedd on the existing qualitative reasoning engine GARP a rational task analysis of model 
constructionn was carried out. It turned out that a qualitative model-building in general 
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consistss of seven main activities. For each of these a detailed task-analysis was carried 
out,, specifying the tasks that should be performed, as well as by whom (user or system). 
Inn doing so, the requirements for the design of a modelling workbench were specified in 
termss of the functionality that such a software tool should have. 

Too design the graphical user interface of the workbench a set of knowledge-
visualisationn principles was developed. After analysing the typical characteristics of QR-
basedd knowledge models in terms of the ingredients that such models consist of, the 
followingg main guidelines were defined. Firstly, icons should be used for representing 
thee information about the model-type of an ingredient, because this kind of information is 
fixedfixed as it is fully determined by the ontology underlying the reasoning engine. Secondly, 
thee visual representation for ingredients that convey relationships between other ingredi-
entss is best implemented using a line, connecting the related items, with either an icon 
orr a text label. The choice between the latter two depends on whether the relationship 
iss user defined (text label) or pre-defined by the modelling language (icon). Thirdly, in 
orderr to preserve consistency, icons representing model-types should always be displayed 
wheneverr a class of that model-type is shown. Finally, relations that do not exist explic-
itlyy in the model-building language (such as 'belongs to') can be represented as thin lines 
betweenn the model ingredients (without a uniquely defining icon attached to it). More in 
general,, each builder has one default relation for which a defining icon can be omitted. 

Inn addition to the above, a more technical design was specified for the model-building 
environmentt in terms of builders, tools, graphs, vertices and arcs. The builders are the 
workspacess for handling a set of model ingredients. The model in each workspace is 
representedd as a graph that consists of vertices (ingredients) and arcs (ingredients that 
relatee two other model ingredients). Following the task analysis seven builders were 
designed.. In order to interact with the builders, tools are defined to create, modify, and 
deletee ingredients within the builders. Next to this basic functionality each builder has 
dedicatedd functionality. The behaviour and functionality of the tools is driven by the 
specificc interaction requirements within each of the seven builders. 

HOMERR is a fully working prototype model-building tool, following the requirements 
discussedd above. One of the goals of the experiment with HOMER was to validate the 
taskk analysis. The experimental results were satisfactory from this point of view except 
forr the task of editing quantity spaces. This task, contrary to the task analysis, was not 
seenn by subjects as an independent task but was mainly performed within the context of 
creationn quantities. 

AA second goal of the experiment with HOMER was to assess the usability of the tool. 
Thee Usability Heuristics [83] were used for this purpose. Two heuristics were violated 
significantlyy more then others, namely 'Visibilit y of Systems Status' and 'Error Preven-
tion*.. These are a typical problem for complex workbenches. However, an important 
conclusionn following the usability analysis was that, although there were usability prob-
lems,, these did not prevent users from realising their model-building goals. 

Thee third goal of the experiment with HOMER was to establish the typical conceptual 
problemss that users may have when building qualitative models. The experiment was 
successfull  in this respect as it highlighted a range of specific problems. These problems 
weree analysed and categorised into four main classes. 
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•• Model scope. Determining which features of the original system to include in the 
model.. Such problems may for instance be to finding the relevant quantities of a 
system. . 

Modell structure. Determining what to put where in the model. For instance, the 
issuee of deciding on the type and number of model-fragments that are needed. The 
notionn of re-use is important in this respect, because it provides guidelines for think
ingg about how to structure the model. For instance, it is possible to capture all the 
detailss of the U-tube system in a single model-fragment. But such a model cannot 
bee (re-)used for reasoning about the behaviour of containers, substances and flows 
inn general. 

Model-buildingg concepts. Understanding the model building concepts as provided 
byy the tool. For instance, the difference between attributes and quantities, the 
meaningg of an influence, or the difference between generic and instance knowl
edge.. Model builders need to understand the qualitative ontology as used by the 
tool.. They must learn to use it in order to acquire more advanced insights about the 
systemm behaviour they are trying to model. 

•• Model representation. This is related to the 'model building concepts' category, but 
noww it refers to the actual representation of an idea using the model-building ontol
ogy.. The user wants to articulate something but does not know how to technically 
formulatee that with the options provided by the environment. 

Withinn these four categories, problems caused by failure to understand the model 
buildingg concepts were the most frequent ones. This result may be explained as follows. 
Firstly,, this category reflects the understanding the user has of the role of each ontological 
primitive.. These may sometimes be unclear for novices, especially when regarding the 
usee of the different kinds of dependencies. Secondly, the environment forces the user to 
makee a clear distinction between generic and instantiated knowledge. It was frequently 
noticedd that users had difficulties in differentiating the two. 

Too establish an improved second prototype, particularly addressing the conceptual 
model-buildingg problems that user have, a study was conducted analysing other existing 
softwaree systems that may have features relevant to HOMER. This resulted in a set of 
'lessonss learned' categorising and focussing the different kinds of support that the new 
prototypee should be able to deliver. 

•• Domain Independence brings about a number of consequences which make the pro
visionn of support more demanding than in the case of domain dependent systems. 
Forr instance, the graphical language is an extra feature to be learned and additional 
supportt must thus be provided. 

•• Qualitative modelling is usually not part of standard curricula and therefore support 
relatedd to the QR ontology and mechanisms have to be made available. 
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•• The simulation results are per se a form of feedback and induce users to reflect. 
Therefore,, being able to run a simulation and analyse its results in the same envi
ronmentt is an essential feature of a well-built model building environment. Further
more,, having multiple forms of presenting the simulation results is desirable since 
thiss facilitates the interpretation of those results. 

•• Due to the unpractically high engineering efforts required to elicit domain depen
dentt knowledge about problems in users' understanding of a domain, but also due 
too having opted for a constructivist approach, we do not intend to implement a 
studentt model, as done in traditional ITS systems. However, we do provide tai
loredd feedback based on the modelling results and knowledge about required model 
structures. . 

•• Pedagogical agents represent a new learning paradigm. We have thus proposed 
aa set of agents that can guide users in the process of building models. The use 
off different characters to handle different aspects of support has been suggested. 
Wee are herewith taking advantage of the personification and modularity features of 
agents. . 

Basedd on the lessons learned we developed a framework for supporting the QR mod
ellingg process. It provides support related to conceptual knowledge, including the model-
buildingg ontology. It also provides tailored feedback addressing the individual needs of a 
user. . 

Onn the basis of the guidelines and requirements as well as the lessons learned from 
thee experiment and the literature, a second - improved - prototype was built: MOBUM. 
MOBUMM is a fully working WEB-based model-building workbench. It was designed and 
implementedd to address the usability issues and conceptual problems discovered while 
workingg with HOMER. MOBUM integrates support for the three main phases in mod
elling:: model creation, behaviour prediction, and simulation inspection. For the model 
creationn part, MOBUM consists of construction components and specification compo
nents.. Construction components are the tools that provide the modeller with the basic 
model-buildingg constructs for building qualitative models. They are the Structure Builder, 
Quantityy Builder, Quantity Space Builder, Model Fragment Builder and Scenario Builder. 
Inn addition, specification components are tools that support the model-building process by 
allowingg articulation of knowledge in a different and less restricted formalism. These are 
1)) a tool that facilitates sketching and 2) a tool that facilitates causal model creation. 
Forr the phases of behaviour prediction and simulation inspection, MOBUM includes the 
"GarpApplet"" tool. It enables the user to directly run the model and provides means to 
inspectt the results, thereby making the modelling process a meaningful and complete 
experience. . 

Searchingg for help is more efficient when the support system is based on modular 
processes.. We opted for an agent-based approach to providing support in which each 
agentt is specialised in some specific task and together with the other agents collectively 
contributess to the achievement of a global objective. Agents thus have scope, provide 
context-sensitivee help, and are personified according to the type of support they provide. 
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Fourr categories of support were defined: static (pre-defined), dynamic (tailored to user 
needs),, local (within a builder), and global (within a builder, but taking the whole model 
intoo account). 

Twoo studies, one with novices and one with experts, were performed to assess the 
usefulnesss of the support module and the usability of the user interface. The results of 
ourr studies were encouraging. Most of the problems that novices encountered were or 
couldd have been solved by consulting the agents, which reinforces the idea that MOBUM 
indeedd supports the model building process. Within the experiment involving experts, the 
absolutee number of errors, when compared to the HOMER experiment decreased drasti-
callyy (67 in HOMER and only 10 in MOBUM). Furthermore, all problems encountered 
byy the participants could be solved by consulting the agents. In fact, the dynamic help 
wass well appreciated by the participants. As one of the participants put it: "the agents 
helpedd me keep on track". 

AA third study was performed especially to compare the two model-building environ-
ments,, MOBUM and HOMER. The goal was to evaluate whether the new prototype was 
moree effective and if it would be more appreciated by the users. Based on the results we 
cannott prove that MOBUM is more effective, because the variation in the models creating 
duringg the experiment was too large to make a reasonable comparison. However, it is safe 
too conclude that the improved usability and (intelligent) support influences the evaluation 
off  the tool: subjects evaluated MOBUM significantly more positive. 

Givenn the GARP reasoning framework, the design of the model-building workbench 
proceedss via the clarification of the ontology involved, a detailed task analysis, a consis-
tentt set of visualisation principles, and the implementation and evaluation of a number of 
prototypes.. In addition methods for providing support in a principled way, were devel-
oped.. This methodology enables the construction of complex model-building tools that 
aree usable and adequately support the model building process. 

7.22 Future Developments 

Thee evaluation of MOBUM in practical situations brought about a number of ideas for 
futuree developments which will be described next. 

Insteadd of just supporting the building of models from scratch, the tool could be ex-
tendedd in order to allow the execution of intermediate modelling tasks. For instance, 
havingg the facility of running a simulation on the isolated causal model as specified in the 
causall  model-builder would be an interesting additional feature. 

Ann additional improvement for the model-building environment would be to provide 
thee means allowing diagrammatic sketching of ideas and conceptual knowledge and have 
thesee automatically transformed into a valid simulation model. The Swan Sketchpad was 
thee first step towards accomplishing this goal. However, more research is needed on 
howw to fully implement this idea. This would also involve advanced means for model 
debugging,, which would alert the modeller to potential logical errors or omissions. 

Collaborationn between several modellers can be either simultaneous or sequential. In 
thee latter case, modellers adapt (re-use) a previously developed model to a new purpose. 
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Inn this case, the modelling coach should implement the important function of explain-
ingg to the new user how the previously created model works. Dedicated communication 
toolss that allow collaborators to exchange information about specific problem areas in an 
efficientt way also need to be developed. Such communication tools would also support 
thee important task of model documentation, which will become increasingly important in 
sequentiall  collaboration. 

Besidess developing an environment that supports qualitative modelling, in order for 
thiss environment to be used in classrooms, we need to develop curricula that are inte-
grallyy based on QR models for a variety of subjects. These curricula would include, for 
instance,, interactive models, practical exercises, and assignments. QR models, exercises, 
andd assignments can be developed that capitalise on the potential of QR to facilitate causal 
reasoningg by allowing the students to interact with the model. Development of lectures 
thatt incorporate QR representations of important domain-concepts needs also to be sup-
ported.. With increasing development of QR models, assignments, exercises, and lectures 
forr a given domain, the integration of QR approaches with traditional teaching approaches 
needss to be supported. Such integration will draw on the ability of QR to enhance con-
ceptuall  understanding while also maintaining connections with traditional approaches that 
aree essential for students to understand foundational materials for their domains. 

Havingg constructed a model building environment to support modelling with the as-
sumptionn that modelling is important to acquire conceptual knowledge, we need then to 
validatee this hypothesis. Until now the evaluation process has been mainly centred around 
thee usability of the tool. However, evaluation must be performed in specific educational 
settingss involving science teaching, for instance in a high school classroom. In [110] a 
studyy is presented which provides guidelines for research on the development and use 
off  model-building tools in educational settings. However it was a preliminary study and 
additionall  research is needed into this subject. 

Recently,, studies have been presented that use a related approach and provide learners 
withh tools to construct diagrams that represent causal explanations of system behaviour, 
notablyy 'Bettys Brain' [13] and VMODEL [17]. The primitives provided by these tools 
forr knowledge creation are based on qualitative formalisms, particularly on the Qualita-
tivee Process Theory [43]. However those tools particularly focus on learners assembling 
causall  behaviour diagrams. Our work further develops this idea of 'learning by build-
ingg models' by having learners construct full qualitative models, run simulations, and 
thuss support learners in a wider range of abilities. A thorough evaluation of the learning 
outcomess still needs to be done. 

Thee idea of model-building communities introduces several interesting problems on 
ourr research agenda. While working on this agenda, more and more elements are be-
ingg put in place, alleviating part of the shortcomings of today. Therefore, we believe 
thatt interactive model-building environments based on a domain-independent modelling 
ontologyy will prove very useful for the communication of knowledge in the future. 
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Thee Scuba Diving Model 

A.ll  Hierarchy 
/ ++ TH E HIERARCHY * / 
isa ((  entity ,  ni l  ) . 

isa ((  biological_entity ,  entit y ) . 
isa ((  human ,  biological_entit y ) . 
isa ((  diver ,  huma n ) . 

isa ((  substance ,  entit y ) . 
isa ((  air ,  subBtanc e ) . 

isa ((  physical_object ,  entit y ) . 
isa ((  buoyancy_control_device ,  physical_objec t  ) . 
isa ((  river ,  physical_objec t  ) . 

A.22 Model Fragments 
/ **  File :  librar y 

Purpose ::  a  smal l  se t  o f  mode l  fragment s fo r  reasonin g 
abou tt  simpl e scub a dive r  scenario' s 

Author ::  Vani a Bess a Machad o &  Ber t  Bredewe g 
Date ::  Octobe r  200 2 

*/ / 

/ **  Ther e i s a  diver ,  bu t  i n thi s simpl e mode l  n o propertie s ar e 
assigne dd t o th e diver .  * / 

system_structures ((  diver {  Dive r  ) , 
isa( tt  description_vie w ] )  , 
conditions( [ [ 

system_elements( [ [ 
instance ((  Diver ,  dive r  ) 
]) , , 

parameters( [ [ 
]) , , 

par_values( [ [ 
]) , , 

par_relations( [ [ 
]) , , 

systetn_structure ss  (  [ 
] ) ) 

]) , , 
givens( [ [ 

system_elements( [ [ 
]) , , 

parameters( [ [ 
]) --

par_values( [ [ 
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] ) , , 
par_relations( [ [ 

]) , , 
system_structures( [ [ 

] ) ) 
] ) ) 

/ **  Ther e i s a  BCD (buoyancy_control_device )  ,  i t  contain s anothe r 
entity ,,  namel y air .  Th e Plo w i n an d ou t  o f  th e BCD determine s th e 
amountt  o f  Ai r  i n th e BCD.  * / 

system_structures {{  bed (  (BCD ,  Air )  ) , 
isa{ tt  composition_vie w ]) , 
conditions( [ [ 

system_elements( [ [ 
instance ((  BCD,  buoyancy_control_devic e ) , 
instance ((  Air ,  ai r  ) , 
has_attribute ((  BCD,  contains .  Ai r  ) 
1))  , 

parameters( [ [ 
3) , , 

par_values( [ [ 
])]) , 

par_relations( [ [ 
] ))  , 

system_structures( [ [ 
] ) ) 

1) , , 
givens( [ [ 

system_elements( [ [ 
n , , 

parameters( [ [ 
flow ((  BCD,  Flow ,  _ ,  mz p ) , 
amount ((  Air ,  Amount ,  _ ,  mpr a ) 
1) , , 

par_values( [ [ 
J))  , 

par_relations( [ [ 
prop_neg ((  Flow ,  Amount  ) 

1))  , 
system_structures( [ [ 

] ) ) 
] ) ) 

))  . 

/ **  A  BCD ca n hav e 3  state s o f  behaviou r  tha t  characteris e it s 
typica ll  behaviour .  I t  ca n b e full y inflated ,  i t  whic h n o ne w AI R 
cann enter .  I t  ca n b e partiall y  inflated ,  i n whic h cas e ther e ar e n o 
furthe rr  constraints .  An d i t  ca n b e full y empt y (deflated) ,  i n 
whic hh cas e Ai r  ca n onl y enter .  Th e possibl e change s ar e 
represente dd a s constraint s o n th e behaviou r  o f  Amount .  * / 

system_structures ((  fully_inflated (  BCD ) , 
isa ((  [  bcd (  (BCD ,  Air )  )  ]) , 
conditions( [ [ 

system_elements( [ [ 
1))  , 

parameters( t t 
amount ((  Air ,  Amount ,  _ ,  mpm ) 
] ))  , 

par_values( [ [ 
value ((  Amount ,  _ ,  maximum (  Amount  ) ,  _  ) 
J))  , 

par_relations( [ [ 
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] ) , , 
system_structures( [ [ 

] ) ) 
]) , , 

givens( [ [ 
system_elements( [ [ 

]> , , 
parameters( [ [ 

]) . . 
par_values( [ [ 

] ) , , 
par_relat ions(I I 
d_smaller_or_equal(( Amount, zero ) 

] ) , , 
systera_structures(t t 

] ) ) 
] ) ) 

)) . 

system_structures ((  partial_inflated (  BCD ) , 
isa << [  bcd (  (BCD ,  Air )  )  ] )  , 
conditions( [ [ 

systeat_elements ((  [ 
1) , , 

parameters( [ [ 
amount {{  Air ,  Amount ,  _ ,  mpr a ) 
]> --

par_values( [ [ 
value ((  Amount ,  _ ,  plus ,  _  ) 
]) . . 

par_relations( [ [ 
]> , , 

system_structures( [ [ 
] ) ) 

] ))  . 
givens( [ [ 

system_elements( [ [ 
]) , , 

parameters( [ [ 
]) , , 

par_values( [ [ 
]> , , 

par_relations< [ [ 
]} . . 

system_structure8< [ [ 
] ) ) 

] ) ) 
))  . 

system_structures ((  fully_deflated {  BCD ) , 
isa ((  [  bcd (  (BCD ,  Air )  )  ] )  , 
conditions( [ [ 

system_elements( [ [ 
]> , , 

parameters( [ [ 
amount ((  Air ,  Amount ,  _ ,  mpm ) 
]> , , 

par_values( [ [ 
value ((  Amount ,  _ ,  minimum (  Amount  ) 
]> , , 

par_relations( [ [ 
1) , , 

system_structures( [ [ 
1) ) 

]) , , 
givens( [ [ 

system_elements( [ [ 
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] ) , , 
parameters( [ [ 

]> , , 
parvalues( [ [ 

]) , , 
par_relations( [ [ 
d_greater_or_equal ((  Amount ,  zer o ) 

]) , , 
system_atructures( [ [ 

] ) ) 
] ) ) 

/ **  A  Scub a Dive r  ca n b e i n man y kind s o f  water .  Her e w e tak e onl y 
th ee river .  I f  th e dive r  i s i n th e river ,  th e amoun t  o f  AI R i n th e 
BCDD determine s wha t  wil l  happe n wit h th e positio n o f  th e Diver : 
more ::  g o up ,  stable :  stay ,  an d less :  g o down .  Of  cours e th e BCD 
shoul dd b e connecte d t o th e Diver .  * / 

system_structures ((  scuba_diver_in_rive r  (  (Diver ,  River )  ) , 
isa( [[  compositionjvie w ]  )  , 
conditions( [ [ 

system_elements{ [ [ 
instance ((  River ,  rive r  ) , 
has_attribute ((  Diver ,  dives_in ,  Rive r  ) , 
has_attribute ((  BCD,  connected_to ,  Dive r  > 
] ))  , 

parameters( [ [ 
] ))  , 

par_values( [ [ 
] ))  , 

par_relations( [ [ 
] ))  , 

system_structures( [ [ 
diver {{  Dive r  ) , 
bed!!  (  BCD,  Ai r  )  ) 
] ) ) 

] ))  , 
givens( [ [ 

system_elements( t t 
] ))  , 

parameters( [ [ 
amountt  (  Air ,  Amount ,  _ ,  itiptt t  ) , 
position ((  Diver ,  Position ,  _ ,  dive_dept h ) 
]) , , 

par_values( [ [ 
] ))  , 

par_relations ((  [ 
prop_pos ((  Position ,  Amount  ) 

]) , , 
system_structures( [ [ 

] ) ) 
] ) ) 

))  . 

/ **  Th e Dive r  ca n b e i n on e o f  thre e position s i n th e River ,  tha t 
i ss  qualitativel y speaking .  Th e Dive r  ca n b e a t  th e surface ,  a t  th e 
bottom ,,  o r  somewher e i n betwee n thos e tw o extremes ,  namel y 
submerged ..  * / 

system_structures << at_bottom (  (Diver ,  River )  ) , 
isa( [[  scuba_diver_in_river (  (Diver ,  River )  )  ]) , 
conditions( [ [ 

system_elements( [ [ 
]) , , 
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parameters( [ [ 
position ))  Diver ,  Position ,  _ ,  dive_dept h ) 
]> , , 

par_values{ [ [ 
value ((  Position ,  _ ,  bottom (  Positio n ) ,  _  ) 
]) . . 

par_relations( [ [ 
]) . . 

system_structure ss  ( [ 
] ) ) 

]) , , 
givens( [ [ 

system_elements( I I 
]) , , 

parameters( [ [ 
]) , , 

par_values( [ [ 
]) , , 

par^relations( [ [ 
d_greater_or_equal ((  Position ,  zer oo ) 

]) , , 
system_structures( [ [ 

J) ) 
] ) ) 

))  • 

system_structures {{  submerged (  {Diver ,  River )  ) , 
isa( [[  scuba_diver_in_river (  (Diver ,  River )  )  ] ) , 
conditions( [ [ 

system_elements( [ [ 
1) , , 

parameters{ [ [ 
position ((  Diver ,  Position ,  _ ,  dive_dept h ) 
1) , , 

par_values ((  [ 
value ((  Position ,  _ ,  middle ,  _  ) 
]) , , 

par_relations( [ [ 
]) , , 

system_structures( [ [ 
] ) ) 

]> , , 
givens{ [ [ 

system_elements ((  [ 
]) . . 

parameters( [ [ 
]) , , 

par_values( [ [ 
] ))  , 

par_relations( [ [ 
]> , , 

system_structures( [ [ 
3> > 

] ) ) 
))  . 

system_structures ((  at_surface (  (Diver ,  River )  ) , 
isa( [[  scuba_diver_in_river (  (Diver ,  River )  )  ]) , 
conditions( [ [ 

system_elements( [ [ 
]> , , 

parameters( [ [ 
position ((  Diver ,  Position ,  _ ,  dive_dept h ) 
]> , , 

par_values( [ [ 
value ((  Position ,  _ ,  surface !  Positio n ) ,  _  ) 
1>, , 
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par_relations( [ [ 

] ) , , 
eystem_structures{ [ [ 

] ) ) 
] ))  , 

givens( [ [ 
system_elements{ [ [ 

] ) , , 
parameters( [ [ 

] ))  . 
par_values( [ [ 

] ))  . 
par_relations( E E 
d_smaller_or_equal ((  Position ,  zer o ) 

] ) , , 
system_structures( [ [ 

] ) ) 
J) ) 

/ **  Ther e ar e tw o specia l  case s o f  positio n behaviou r  tha t  requir e 
extr aa knowledg e t o b e specified .  When th e Dive r  i s a t  th e botto m 
andd start s inflating ,  bot h happe n simultaneously .  Tha t  i s a s soo n 
ass  th e Dive r  start ss  moving ,  AI R shoul d hav e bee n pu t  int o th e BCD, 
(o rr  th e othe r  wa y aroun d th e latte r  cause s th e former) .  Althoug h 
th ee othe r  wa y aroun d i s no t  necessaril y  th e case ,  w e assum e tha t 
i nn th e whe n th e Dive r  i s a t  th e botto m an d th e Amount  minimum ,  th e 
tw oo value s correspond .  Th e sam e fo r  th e cas e i n whic h th e Dive r  i s 
att  th e surfac e an d th e Amount  i n th e BCD i s maximum .  Becaus e i t 
concern ss  a n assumption s th e MF ar e no t  mad e subtype s o r  at_botto m 
andd at_surface .  * / 

system_structures ((  leaving_the_bottom (  (Diver ,  River )  ) , 
isa( tt  descriptionvie w ]) , 
conditions( [ [ 

system_elements( [ [ 
instance !!  Assumption ,  leaving_correspondence s ) , 
has_attribute ((  Diver ,  assumption .  Assumptio n ) , 
has_attribut ee (  BCD,  connected_to ,  Dive r  ) 
] ))  , 

parameters( [ [ 
position ((  Diver ,  Position ,  _ ,  dive_dept h ) , 
amount ((  Air ,  Amount ,  _ ,  mpm ) 
] ))  , 

par_values( [ [ 
value !!  Position ,  _ ,  bottom )  Positio n ) ,  _  ) , 
value !!  Amount ,  _ ,  minimum !  Amoun t  ) ,  _  ) 
] ))  , 

par_relations( [ [ 
]) , , 

system_structures( [ [ 
at_bottom ((  (Diver ,  River )  ) , 
diver ((  Dive r  )  , 
bcd ((  (BCD ,  Air )  ) 
] ) ) 

]) , , 
givens( [ [ 

system_elements( [ [ 
] ) , , 

parameters( [ [ 
] ) , , 

par_values( [ [ 
1))  , 

par_relations( [ [ 
v_correspondence ((  Position ,  bottom (  Positio n ) ,  Amount ,  minimum !  Amount  )  ) 

]) , , 
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eystem_structure ss  ( [ 

] ) ) 

] ) ) 

system_structures ((  leaving_the_surface (  (Diver ,  River }  ) , 
isa( tt  description_vie w ] ) , 
conditions( [ [ 

syBtem_elements( t t 
instance ((  Assumption ,  leaving_correspondence s ) , 
has_attribute ((  Diver ,  assumption .  Assumptio n ) , 
has_attribute ((  BCD,  connected_to .  Dive r  ) 

] ) , , 
parameters( [ [ 

position ))  Diver ,  Position ,  _ ,  dive_dept h ) , 
amount << Air ,  Amount ,  _ ,  mp m ) 

] ) , , 
par_values( [ [ 

value ((  Position ,  _ ,  surface (  Positio n ) ,  _  ) , 
value ((  Amount ,  _ ,  maximum (  Amoun t  ) ,  _  ) 

] ) , , 
par_relations( [ [ 

] ) , , 
system_structures( [ [ 

at_surface ((  (Diver ,  River )  ) , 
diver ((  Dive r  ) , 
bcd ((  (BCD ,  Air )  ) 

] ) ) 
] ))  , 

givens( [ [ 
system_elements( [ [ 

] ) , , 
parameters( [ [ 

1 ) , , 
par__value ss  (  [ 

] ) --
par_relations( [ [ 
v_correspondence ((  Position ,  surface (  Positio n ) ,  Amount ,  maximum (  Amoun t  )  ) 

] ) , , 
system_structures( [ [ 

] ) ) 
] ) ) 

/ **  A  Dive r  ca n impos e 3  action s o n a n BCD:  inflating ,  no_actio n 
andd deflating .  Respectivel y referrin g t o addin g AIR ,  nothin g an d 
removin gg AIR .  Th e action s ar e modelle d b y th e valu e o f  FLOW, 
namely ,,  + ,  0  an d -  respectively .  * / 

system_structures ((  inflating !  (Diver ,  BCD)  ) , 
isa( [[  gualitative_stat e ] ) , 
conditions( [ [ 

system_elements( [ [ 
instance ((  Diver ,  agen t  ) , 
has_attribute ((  Diver ,  controls ,  BC D ) 

] ) , , 
parameters( [ [ 

flow ((  BCD,  Flow ,  _ ,  mz p ) 

]> , , 
par_values( [ [ 

] ) , , 
par_relations( [ [ 

greater ((  Flow ,  zer o ) 

] ) , , 
system_structures( [ [ 

bcd ((  (BCD ,  Air )  ) 
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] ) ) 
] ) , , 

givens( [ [ 
syBtem_elements( t t 

1) , , 
parameters( [ [ 

amount !!  Air ,  Amount ,  _ ,  mpm ) 
]) , , 

par_values( [ [ 
] ) , , 

p a r ^ r e l a t i o n s ([ [ 
inf_pos_by(( Amount, Flow ) 
] ) , , 

s y s t e m _ s t r u c t u r e s ([ [ 
] ) ) 

]) ) 

s y s t e m _ s t r u c t u r e s(( no_act ion( (Diver, BCD) ), 
i s a ([[  g u a l i t a t i v e _ s t a te ] ) , 
c o n d i t i o n s ([ [ 

sys tem_elements([ [ 
instance ((  Diver ,  agen t  ) , 
has_attribute ((  Diver ,  controls ,  BCD ) 
]) , , 

parameters( [ [ 
flow !!  BCD,  Flow ,  _ ,  mz p ) 
] ))  , 

par__value ss  (  [ 
1))  , 

par_relations( [ [ 
equal ((  Flow ,  zer o ) 
1))  , 

system_structures( [ [ 
bcd ((  (BCD ,  Air )  ) 
] ) ) 

] ))  , 
givens( [ [ 

system_elements([ [ 
] )) , 

p a r a m e t e r s ([ [ 
amount!!  A i r , Amount, _, mpm ) 
] ) , , 

pa r_va lues ([ [ 
] ) , , 

p a r _ r e l a t i o n s ([ [ 
inf_pos_by(( Amount, Flow ) 
] ) , , 

s y s t e r a _ s t r u c t u r e s ([ [ 
] ) ) 

] ) ) 

systemstructures ((  deflating !  (Diver ,  BCD)  ) , 
isa( [[  qualitative_stat e ]} , 
conditions( [ [ 

system_elements( [ [ 
instance !!  Diver ,  agen t  ) , 
has_attribute ((  Diver ,  controls ,  BCD ) 
]]  ) , 

parameters! [ [ 
flow !!  BCD,  Flow ,  _ ,  mz p ) 
]]  ) , 

parvalues( [ [ 
11  ) , 

par_relations( [ [ 
Bmaller !!  Flow ,  zer o ) 
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] ) , , 
system_Btructures([ [ 

bcd(( (BCD, Air ) ) 
] ) ) 

] ) , , 
g ivens(( [ 

system_elements{ [ [ 

] ) , , 
parameters( [ [ 

amount ((  Air ,  Amount ,  _ ,  mp m ) 

] ) , , 
par_values( [ [ 

] ) , , 
par_relations( [ [ 

inf_poa_by ((  Amount ,  Flo w ) 

] ) , , 
system_structures( [ [ 

] ) ) 
]> > 

)) . 

A.33 Scenarios 
/ **  File :  scenario' s 

Purpose ::  th e Scub a Dive r 
Author ::  Vani a Bess a Machad o &  Ber t  Bredewe g 

Date ::  Octobe r  200 2 

*/ / 

smd((  input_gystem (  '  th e Scub a Diver '  ) , 
system_elements( [ [ 

instance ((  Diver ,  dive r  } , 
instance ((  BCD,  buoyancy_control_devic e > , 
instance ((  River ,  rive r  ) , 
instance !!  Air ,  ai r  ) , 

hasattr ibute ((  Diver ,  dives_in ,  Rive r  ) , 
has_attribute ((  BCD,  contains ,  Ai r  ) , 
has_attribute ((  BCD,  connected_to ,  Dive r  ) 

] ) , , 
parameters( [ [ 
amount ((  Air ,  Amount ,  _ ,  mp m ) , 

position ((  Diver ,  Position ,  _ ,  dive_dept h ) , 
flow ((  BCD,  Flow ,  _ ,  mz p ) 

] ) , , 
par_values( [ [ 
value ((  Amount ,  _ ,  maximum (  Amoun t  )  ,  _  ) , 
value ((  Position ,  _ ,  bottom {  Positio n ) ,  _  ) , 
value ((  Flow ,  _ , _ , _ ) 

] ) , , 
par_relations( [ [ 

] ) , , 
system_structures( [ [ 

] ) ) 
))  -

smd((  input_system (  'th e Scub a Dive r  second '  ) , 
systemelements( [ [ 

instance ((  Diver ,  dive r  ) , 

instance ((  BCD,  buoyancy_control_devic e ) , 
instance ((  River ,  rive r  > , 
instance ((  Air ,  ai r  ) , 

has_attribute ((  Diver ,  dives_in .  Rive r  ) , 
has_attribute ((  BCD,  contains ,  Ai r  ) , 
has_attribute ((  BCD,  connected_to ,  Dive r  ) 

] ) , , 
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p a r a m e t e r s ([ [ 
amount(( A i r , Amount, _, mpm ), 

p o s i t i o n)) D iver, P o s i t i o n, _, dive_depth ) , 
f low )) BCD, Flow, _, mzp ) 

)), , 
p a r _ v a l u e s ([ [ 
value ((  Amount ,  _ ,  plus ,  _  ) , 
value ))  Position ,  _ ,  bottom )  Positio n ) ,  _  ) , 
value ((  Flow ,  _ , _ , _ ) 

] ))  , 
par_relations( [ [ 

]> , , 
system_structures( [ [ 

] ) ) 
))  . 

smd(( input_system( ' t he Scuba Diver t h i rd' ) , 
system_elements{[ [ 

instance ((  Diver ,  dive r  ) , 
instanc ee (  BCD,  buoyancy_control_devic e ) , 
instance ((  River ,  rive r  ) , 
instance ((  Air ,  ai r  ) , 

has_attribute ((  Diver ,  dives_in .  Rive r  ) , 
has_attribute ((  BCD,  contains .  Ai r  ) , 
has_attribute ((  BCD,  connectedto .  Dive r  ) 
] ))  , 

parameters( t t 
amount ((  Air ,  Amount ,  _ ,  mpm ) , 

position ))  Diver ,  Position ,  _ ,  dive_dept h ) , 
flow ))  BCD,  Flow ,  _ ,  mz p ) 

] ))  , 
parvalues( [ [ 
value ((  Amount ,  _ ,  minimum )  Amount  ) ,  _  ) , 
value ))  Position ,  _ ,  bottom )  Positio n ) ,  _  ) , 
value ))  Flow ,  _ « _ * _ ) 

1) , , 
par_relations( [ [ 

] ))  , 
system_str\icture ss  {  [ 

] ) ) 
))  -

smd(( input_system( ' t he Scuba Diver four th' ) , 
system_elements(( [ 

instance ))  Diver ,  dive r  ) , 
instance ))  BCD,  buoyancy_control_devic e ) , 
instance ((  River ,  rive r  ) , 

instance ))  Air ,  ai r  ) , 
has_attribute ((  Diver ,  dives_in .  Rive r  ) , 

has_attribute ((  BCD,  contains ,  Ai r  ) , 
has_attribute ((  BCD,  connected_to .  Dive r  ) 

1) , , 
parameters( [ [ 
amount ))  Air ,  Amount ,  _ ,  mp m ) , 

position ))  Diver ,  Position ,  _ ,  d ivedept h ) , 
flow ))  BCD,  Flow ,  _ ,  mz p ) 

] ))  , 
par_values( [ [ 
value ))  Amount ,  _ ,  maximum )  Amoun t  )  ,  _  )  , 
value ))  Position ,  _ ,  middle ,  _  ) , 
value ))  Flow ,  _ ,  _ ,  _  ) 

] ) , , 
par_relations( [ [ 

] ))  , 
system_structures( [ [ 

] ) ) 
))  . 
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%% Mos t  interesting.. .  1 
smd((  input_system (  'th e Scub a Dive r  fifth '  ) , 

system_elements( t t 
instance ((  Diver ,  dive r  } , 
instance ((  BCD,  buoyancy_control_devic e ) , 

instance ((  River ,  rive r  ) , 
instance ((  Air ,  ai r  } , 

has_attribute ((  Diver ,  dives_in .  Rive r  ) , 

has_attribute ((  BCD,  contains ,  Ai r  ) , 
has_attribute ((  BCD,  connecte d to .  Dive r  ) 

J) , , 
parameters( [ [ 
amount ((  Air ,  Amount ,  _ ,  mp m ) , 

poeition ((  Diver ,  Position ,  _ ,  dive_dept h ) , 
flow ((  BCD,  Flow ,  _ ,  mz p ) 

I) , , 
par_values( [ [ 
value {{  Amount ,  __ ,  plus ,  _  ) , 
value dd Position ,  _ ,  middle ,  _  ) , 
value {{  Flow ,  _ , _ , _ ) 

1) , , 
par_relations {{  [ 

]) , , 
system_structures( [ [ 

] ) ) 
))  . 

smd((  input_system {  'th e Scub a Dive r  Sixth '  ) , 
system_elements( [ [ 

instance ((  Diver ,  dive r  ) , 
instance ((  BCD,  buoyancy_control_devic e ) , 
instance ((  River ,  rive r  ) , 
instance ((  Air ,  ai r  ) , 

has_attribute ((  Diver ,  dives_in .  Rive r  ) , 
has_attribute {{  BCD,  contains .  Ai r  ) , 
has_attribute {{  BCD,  connected_to .  Dive r  ) 

1) , , 
parameters( [ [ 
amount ((  Air ,  Amount ,  _ ,  mp m ) , 

position ((  Diver ,  Position ,  _ ,  dive_dept h ) 
flow ((  BCD,  Flow ,  _ ,  mz p ) 

] ) , , 
par_values( [ [ 
value !!  Amount ,  _ ,  minimum (  Amoun t  ) ,  _  ) , 
value ((  Position ,  _ ,  middle ,  _  ) , 
value ((  Flow ,  _ , _ , _ ) 

] ) , , 
par_relations( [ [ 

] ) , , 
system_structures( [ [ 

] ) ) 
))  . 

A.44 Quantity Spaces 
/ **  File :  quantity_spac e 

Purpose ::  Definitio n o f  require d quantit y space s 
Author ::  Vani a Bess a Machad o &  Ber t  Bredewe g 
Date ::  Octobe r  200 2 

*/ / 

tt  plu s 
quantity_space ((  p ,  _ , 

[[  plu s 
] ))  • 
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%% min -ze ro -p l us 
q u a n t i t y _ s p a c e(( mzp, _, 

[[  min, 
po in t(( zero ) , 
p lus s 
] )) . 

%% zero-plus_max 
quan t i t y_space(( zp_max, X, 

[[  po i n t( zero ) , 
plus, , 
po in t{{  max( X ) ) 
]]  ) . 

%% minimum-plus_maximum 
q u a n t i t y s p a c e(( mpm, X, 

[[  po i n t( minimum( X ) ) , 
p lus, , 
point ((  maximum (  X  )  ) 
]]  )  . 

%% bottom-middle-surfac e 
quantity_space ((  dive_depth ,  X , 

tt  point (  bottom (  X  )  ) , 
middle , , 
point ((  surface (  X  )  ) 
]]  )  . 

%% zero-low-medium-high-maximu m 
quantity_space ((  zlmhm ,  X , 

[[  point (  zer o ) , 
low , , 
point !!  medium (  X  )  ) , 
high , , 
point ((  max (  X  )  ) 
]]  )  • 



Homerr Experiment 

B.ll  Assignment - Part 1 

Constructt  a simulation model of a U-Tube 

Constructt the model ingredients that will allow you to run a simulation of the U-tube system. The U-
Tubee is a system consisting of two containers, filled with liquid, which are connected via a pipe near the 
bottomm of each container. Pressure difference near the bottom of the connected containers determines what 
wil ll  happen. From the container with the higher pressure, liquid will flow to the container with the lower 
pressure.. Assume that the pipe has no influence on the behaviour of the system except for facilitating the 
flowflow of liquid between the two containers. 

TheThe following requirements should be addressed: 

•• Construct a model fragment that is general for all kinds of containers filled with a liquid and that 
capturess the quantities and their dependencies relevant for the typical U-Tube behaviour. Do not 
includee quantities that are not relevant for this behaviour. 

•• Construct a model fragment (a process) that captures the idea of a liquid flow between two containers 
filledfilled with liquid. You may assume that the connecting pipe is always near the bottom and that the 
containerss are always at equal height. Difference in pressure should trigger a flow. The flow should 
influencee the amounts of liquids in each container. 

CreateCreate a scenario: 
Createe a scenario in which two containers exist, connected via a pipe, each containing liquid, for which 

aa liquid flow will become active, because the levels of the liquid in the two containers are unequal. 

B.22 Assignment - Part 2 

TASK::  Make an Isa-hierarchy 

Thee goal of this task is to construct a small subtype hierarchy of concepts. Usually, a subtype hierarchy 
startss with the most general concept, the top-node. This top-node is sometimes given the name 'Entity'. 
Moree specific concepts are added to the hierarchy as being subtypes of the more general concepts. 

Inn this specific task you have to create a subtype hierarchy that consists of the six concepts enumerated 
below.. The intended meaning of each concept is also given. 
Entities: : 

•• Physical object 

•• Container 

•• Substance 

•• Liquid 
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 Path 

•• Fluid path 

Definitions: : 

Physicall object 
Container r 
Substance e 
Liquid d 
Path h 
Fluidd path 

AA solid thing that can be seen or touched 
AA recipient in which something is kept. E.g. a bottle, box. 
AA particular type of matter.E.g. poisonous/chemical/sticky substance 
AA substance that flows freely. E.g. Water, milk or oil 
AA way or track made to allow something to move from side to side 
AA path through which substances can flow freely 

TASK:: Make Structural Relations 

Thee goal of this task is to define structural relations between entities. A structural relation can be used to 
definee certain dependencies between entities. E.g. a big box 'containing' a small box, or a block being 'on 
topp of' another block, or a big system 'consisting of' smaller subsystems. 

Inn this specific task you have to create the following structural relations. 

•• Contains 

•• Connected 

Definitions: : 
Structurall Relation 
Contains s 
Connected d 

'Contains'' means mat something has something within. 
Thiss relation connected specifies that something comes or brings some
thingg together or in contact. 

TASK:: Make Static Features 

Thee goal of this task is to define non-changeable features that describe certain to entities. E.g., the 'colour' 
off a physical object, or the 'length' of a road. Such features often have different values that they can take 
on.. In the previous example, these could be: red, blue or yellow, and long, medium or short. 
Staticc Feature: 

•• Name: Openness. Values: Open and Closed 

Definitions: : 

Openness s 

Valuess Open / closed 

Thee attribute openness specifies that the owner of it allows things to go 
in,, out or through. 
Openn and Closed specify the possible states of this property (static fea
ture).. For instance, if the value of the property is closed it will not allow 
anythingg to go in, out or through it. 

TASK:: Make Quantities 

Thee goal of this task is to define a set of quantities. In a (qualitative) simulation model quantities refer to 
thosee aspects of a system that can change. Changing usually means, getting different values. Therefore, an 
importantt aspect of defining a quantity is defining the values this quantity can have. The latter is referred to 
ass defining a 'quantity space'. Quantity spaces are typically sets of alternating point and interval values. 

Inn this task you have to construct four quantities. All four quantities have the same type of quantity 
space. . 
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Quantityy Name Quantity Space 
Level l 
Pressure e 
Amount t 
Flow w 

Definitions: : 

zeroo / plus 
zeroo / plus 
zeroo / plus 
zeroo / plus 

Level l 

Pressure e 
Amount t 

Flow w 
Quantity y 
Spacee Zero-
Plus s 

Levell  specifies a horizontal condition; especially: equilibrium of a fluid marked 
byy a horizontal surface of even altitude. 
Thee application of force to something by something else in direct contact with it. 
Thiss quantity refers to making something as a total (the total 'amount' there is of 
something) ) 
Too move freely and continuously. To circulate. 
Inn qualitative simulation, the qualitative point zero is usually used to represent the 
quantitativee zero. For this reason, all 'zero' points are treated as being equal. The 
intervall  'plus' is an abstraction from the all situations in which the values are larger 
thann zero. With this quantity space (zero-plus) we can express that there is some 
level,, pressure, amount or flow (plus) or that there is none (zero). 

TASK::  Make a Static Model Fragment 

Thee goal of the task is to represent the knowledge needed for modelling a system in small parts, model 
fragments.. When developing a simulation model, a model fragment is often used to represent generic 
partiall  behaviour models of components or subsystems in de domain. Model fragments consist of conditions 
andd consequences, which hold structural primitives (Entities and structural relations) and the behavioural 
primitivess (quantities, quantity space and dependencies). 

Thee conditions specify the requirements the system must meet in order for the model fragment to be 
applicable.. The consequences specify the knowledge that is applicable if the conditions hold. Similar to 
entities,, model fragments can also be classified using an isa hierarchy. In Homer we have three top nodes: 
Static,, Process and Agent. The 'static' top node refers to model fragments that model properties of one or 
aa number of system elements. These models are concerning with static knowledge about the model. The 
'process'' top node refers to model fragments that model changes in behaviour that happen due to some 
interaction.. These interactions are usually captured in an inequality relation between some quantities that 
triggerss the process. Finally, the 'agents*  top node is used to refer to model fragments that model changes 
thatt are enforced upon the system (exogenous influences upon a system). 

Inn this task you have to create a model fragment. Start by adding a new name to the list of model 
fragments.. Make sure the name is attached to the intended generic model fragment type. Next, select 
thee model fragment name and clicking on "Edit". Now, fill  the Model Fragment wim the required model 
ingredients. . 

MFName e 
Subtype e 
CONDITIONS S 
Entities s 
Structurall  relation 
Staticc Feature 
GIVENS S 
Quantities s 
Dependencies s 

Containerr containing Liquid 
Static c 

Container,, Liquid 
Containerr contains liquid 
Container:: openness-open 

Pressure,, LiquidLevel, LiquidAmount 
Amountt > "zero" 
Amountt - Level:: Direct Correspondence (from amount to level) 
Positivee Proportionality (from amount to level) 
Equall  Pressure and Level 
Directt Correspondence (from level to pressure) 
Positivee Proportionality (from level to pressure) 
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Definitions: : 
Entities s 

Container r 
Liquid d 

Structurall  re- Container 
lationss contains 

liquid d 
Staticc Feature Container: 

openness s 
open n 

Quantities s 
Pressuree (at 
bottom) ) 

Level l 

Amount t 
Dependencies s 

Directt Corre-
spondence e 

Proportionality y 

Inequality y 

AA recipient in which something is kept. E.g. a bottle, box. 
AA substance that flows freely. E.g. Water, milk or oil 
Thiss relation specifies that a Container (entity LHS) contains a liquid 
(entityy RHS). 

Thiss feature specifies that the owner of it, 'Container', has an open-
nesss and its value is open. The idea of openness means that it allows 
thingss to go in, out or through. 

Thee application of force to something by something else in di-
rectt contact with it. In this case, this quantity represents the force 
(pressure)) that is exerted by the liquid upon the bottom of the con-
tainer.Levell  specifies a horizontal condition; especially: equilibrium 
off  a fluid marked by a horizontal surface of even altitude. 
Inn this model the level measures the altitude of liquid within the 
container. . 
Thee quantity 'amount' refers to the total amount of 'Liquid'. 

Correspondencess are used to represent similar behaviour of two 
quantitiess by means of their two values. A Direct correspondence 
indicatess that if a quantity is known the corresponding quantity can 
bee derived. 
Proportionalityy is used to represent concurrent changes of two quan-
tities.. The consequence of a proportionality is that a change in one 
quantityy causes a change in an other quantity in the same (positive 
proportionality)) or opposite direction (negative proportionality). 
Inequalitiess represent constraints between quantities. An inequal-
ityy can exist between quantities, values of quantities, derivatives of 
quantities,, etc. An inequality may also include a subtraction (min) 
orr an addition (plus).E.g., Ql >Q2,orQl >Q2-Q3,o rQl >zero. 

TASK:: Make a Process Model Fragment 

Thee goal of this task is to construct a process model fragment. A Process Model Fragment models changes 
duee to some interaction. This interaction is captured as an inequality relation between values, which triggers 
thee process. Usually, processes introduce flows of stuff (e.g., liquid, and energy). 

Inn this task you have to construct a model fragment mat describes a Liquid flow. There 
aree two containers filled with liquid and a path between these two containers. The model frag-
mentt "Container Containing Liquid" has been constructed before and it describes a container that 
containss liquid and therefore, it has to be used as a condition for this model fragment. These 
conditionall  model fragments as well as the other necessaries model ingredients are given below. 
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Modell  Fragment Name 
Subtype e 
CONDITIONS S 
Entities s 
Conditionall  MF 
Structurall  relation 

Quantities s 
Dependencies s 

GIVENS S 
Quantities s 

Dependencies s 

Liquidd Flow 
Process s 

Path h 
22 instances of Container containing Liquid 
Pathh connected Container 1 
Pathh connected Contained 
Pressure:: Container 1 /Container2 

Pressure:Containerll  <, Pressure:Container2 

Pressure:: Liquid 1 in Container 1 / Liquid2 in Contained 
Amount:: Liquid 1 Container 1 / Liquid2 Contained 
Floww Rate: Path 

Negativee Influence: Flow on Amount of Liquidl 
Positivee Influence: Flow on Amount of Liquid2 
Floww = Pressure of Liquidl - Pressure of Liquid2 

Definitions: : 
Entities s 
Structurall  re-
lations s 

Quantities s 

Dependencies s 

Path h 
Pathh con-
nectedd Con-
tainer r 

Pressuree (at 
bottom) ) 

Flow w 
Amount t 

Influences s 

Inequality y 

AA way through which substances can flow freely 
Thiss relation specifies that there is a connected path between the 
entityy container and entity path. 

Thee application of force to something by something else in direct 
contactt with it. In this case, this quantity represents the force 
(pressure)) that is exerted by the liquid upon the of the container. 
Too move freely and continuously. To circulate. 
Thee quantity 'amount' refers to the total amount of 'Liquid'. 

Influencess are used to express a cause for change (direct causal-
ity),, which means that the value of a quantity determines the 
derivativee of another quantity. In the case of a positive influ-
encee a change in a positive value of one quantity leads to an 
increasee of the other quantity (if Quantity 1 is greater than zero, 
thenn Quantity2 increases). In the case of a negative influence, a 
positivee value leads to a decrease and a negative value leads to 
ann increase. 
Inequalitiess represent constraints between quantities. An in-
equalityy can exist between quantities, values of quantities, 
derivativess of quantities, etc. An inequality may also include 
aa subtraction (min) or an addition (plus).E.g., Ql > Q2, or Ql 
> Q 2 - Q 3 , o r Qll  > zero. 

TASK::  Make a scenario 

Thee goal of this task is to define an initial situation that can be simulated. Notice that by definition this can 
onlyy be a 'selection' of the model parts defined elsewhere in the model. For instance, there is no point in 
specifyingg an entity in the scenario that is not used in any model fragment. 
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Entities s 

Structurall  relations 

Staticc Feature 

Quantities s 
Dependencies s 

22 Container 2 
22 Liquid 
11 path 
Containedd connected path 
Container22 connected path 
Containerr 1 contains liquid 1 
Containedd contains liquid2 
Containerr 1 openness open 
Containedd openness open 
Level:: Liquidl and Liquid2 (with quantity space zero-plus) 
Level:: Liquidl > (greater than) Level: Liquid2 

B.33 Reflection with the model builder 

Noww that you have constructed a model using a model building tool, we would like you to reflect upon that 
activity.. First, you may express whatever your would like to express in this respect. Second we will use a 
feww questions to further focus die discussion. 

1.. What is your opinion about the system? 

2.. What did you like about the program? 

3.. What did you not like about the program? 

4.. What were the main problems you had while performing the tasks? 

5.. How can those problems be overcome? 

6.. How can the program be improved? 

7.. Do you have other / more recommendations? 

8.. Could you get the required overviews / editors while using the program? 

9.. Is the access to these overviews / editors logical (or confusing)? 

10.. Are there superfluous overviews / editors? 

11.. Are there overviews / editors missing? 
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C.11 Novices assignment - Garfield' s weight 

C.l.11 Introductio n 

Garfieldd is a cat who is usually lazy and grows fat because of that. Maybe you have read about this cat in a 
newspaper.. It is your task to construct a simulation model of how Garfield's weight changes depending on 
howw much he eats and how much he exercises. 

Thee model you have to construct is a 'qualitative model*  and must be built using the tool MOBUM. 
Youu wil l be helped to use this tool and to build the model step by step. But before starting, please briefly 
readd the general introduction about building qualitative models (first 3 sections: idea, details and how to 
articulate). . 

C.l.22 First Assignment 

Lett us assume that Garfield has three typical shapes (in fact, his weight) depending on how he eats and how 
muchh he exercises (e.g., skinny, normal and fat). For the first part of the model consider only eating and 
assumee that Garfield is not doing any exercise. Assume he starts being normal (in terms of weight) and 
becomess fat, because he eats more and more. 

Constructt a model mat consist of one scenario and two model fragments. 

•• In the first model fragment (of type static) you should capture the relation between the 'amount of 
food'' and Garfield's change in weight. If the amount of food increases, Garfield's weight increases. 
Iff the amount of food decreases, Garfield's weight decreases. 

•• In the second model fragment (process or agent), you should specify that Garfield's food intake 
increases. . 

•• Finally, in the scenario define Garfield's as a cat and specify an initial value for his weight (e.g. 
normal),, and an initial (positive) value for the amount of food. 

I nn summary: The scenario defines the initial situation, the process defines the Garfield's food intake 
increases,, the static model fragment relates changes in the amount of food to changes in Garfield's weight. 

Afterr you have build this model, try to run it, using the simulator, and improve your model (if needed) 
suchh that a state graph appears in which we see Garfield grow from normal to becoming fat (two states of 
behaviour). . 

ForFor the last step you may ask the experiment leader to help you to run the simulation. That is, if you do 
notnot know how to do that. 
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C.l.33 Second Assignment 

Enlargee your model by including the notion of exercise. Changes in exercise affect the weight of Garfield. 
Improvee your model in three steps: 

•• Include in the scenario also the quantity exercise and give it a positive initial value. 

•• Include in the static model fragment the relationship between Garfield's exercise and weight. If 
exercisee increases, Garfield's weight decreases. If exercise decreases, Garfield's weight increases. 

•• Make a new model fragment (process or agent), in which you specify that Garfield's exercise in
creases s 

Afterr you have build this model, try to run it, using the simulator, and improve your model (if needed) 
suchh that a state graph appears in which we see three possibilities. Garfield growing from normal to 
fat,, Garfield keeping his current "normal" value and Garfield growing from normal to skinny. In total 7 
statess of behaviour may appear. In fact the typical possibilities when an animal increases both the level of 
exercisee and the food intake. 

For theFor the last step you may ask the experiment leader to help you to run the simulation. That is, if you do 
notnot know how to do that. 

C.22 Experts assignment: Construct a simulation model of a U-T\ibe 

Constructt the model ingredients that will allow you to run a simulation of the U-tube system. The U-
Tubee is a system consisting of two containers, filled with liquid, which are connected via a pipe near the 
bottomm of each container. Pressure difference near the bottom of the connected containers determines what 
willl happen. From the container with the higher pressure, liquid will flow to the container with the lower 
pressure.. Assume that the pipe has no influence on the behaviour of the system except for facilitating the 
floww of liquid between the two containers. 

TheThe following requirements should be addressed: 

•• Construct a model fragment that is general for all kinds of containers filled with a liquid and that 
capturess the quantities and their dependencies relevant for the typical U-Tube behaviour. Do not 
includee quantities that are not relevant for this behaviour. 

•• Construct a model fragment (a process) that captures the idea of a liquid flow between two containers 
filledd with liquid. You may assume that the connecting pipe is always near die bottom and that the 
containerss are always at equal height. Difference in pressure should trigger a flow. The flow should 
influencee the amounts of liquids in each container. 

CreateCreate a scenario's: 
Createe a scenario in which two containers exist, connected via a pipe, each containing liquid, for which 

aa liquid flow will become active, because the levels of the liquid in the two containers are unequal. 

C.33 Comparison Study: MOBUM - HOMER 

C.3.11 Questionnaires 
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Computerr  vaardigheid en affinitei t 

Hieronderr volgt een korte vragenlijst waarin wordt gevraagd naar uw ervaring en affiniteit met 

computerss en programmatuur (software). Sta niet te lang stil bij het geven van een antwoord. De 

informatiee zal met de nodige zorgvuldigheid worden verwerkt, met waarborging van de privacy 

vann de proefpersoon. Voor deze vragenlijst heeft u maximaal 5 minuten de tijd. 

Pp.. nr.:_ Sekse:: vrouw / man 

Gaa door met de vragen op de volgende bladzijde. 

Figuree Cl 
Pagee 1: Introduction. 
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1.. Hoe vaak maakt u gebruik van een computer? 

11 2 3 
heell  weinig weinig normaal 

4 4 
veel l 

2.. Hoeveel uur denkt u dat u gemiddeld per week een computer gebruikt? 

Urenn per week (gemiddeld): uren 

3.. Voor welke redenen gebruikt u de computer? (kies meerdere opties indien 

studiee werk hobby (div.) nieuws 

4.. Heeft u ervaring met programmeren? 

11 2 3 
heell  weinig weinig enige 

6.. Heeft u de beschikking over een eigen (privé) computer? 

Nee e 

7.. Hoe vindt u het om met een computer te werken? 

11 2 3 
ergg vervelend vervelend geen mening 

4 4 
veel l 

Ja a 

4 4 
leuk k 

8,, Geef uw mening: Ik werk liever met een computer dan dat ik TV kijk . 

1 22 3 4 
meee oneens enigszins neutraal enigszins 

meee oneens mee eens 

2 2 

5 5 
heell  vaak 

vann toepassing) 

verveling g 

5 5 
heell  veel 

5 5 
heell  leuk 

5 5 
meee eens 

Figuree C.2 
Pagee 2: Questionnaire A. 
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Attitud ee vragenlijst 1 

Hieronderr volgt een vragenlijst waarin uw mening wordt gevraagd over de computer 

programmatuurr die u zojuist heeft gebruikt. In deze vragenlijst wordt er gebruik gemaakt van 

stellingen.. Daarbij kunt u aangeven in hoeverre u het eens of oneens bent met een stelling. Wilt u 

daartoee het antwoord dat het meest van toepassing is omcirkelen? Sta niet te lang stil bij het 

gevenn van een antwoord. De informatie zal met de nodige zorgvuldigheid worden verwerkt, met 

waarborgingg van de privacy van de proefpersoon. Voor deze vragenlijst heeft u maximaal 15 

minutenn de tijd. 

Volgorde:Volgorde: u heeft eerst met MOBUM gewerkt en vervolgens met HOMER 

Pp.. nr.:_ Sekse:: vrouw / man Datum:_ 

Gaa door naar de volgende bladzijde. 

Figuree C.3 
Pagee 3: Introduction MOBUM Questionnaire. 
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Err volgen nu een aantal vragen over MOBUM, het programma dat u als eerste heeft gebruikt. 

Gaa door met de vragen op de volgende bladzijde. 

Figuree C.4 
Pagee 4: MOBUM screen. 
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1.. De diverse schermen van MOBUM zijn helder en duidelijk qua betekenis. 

1 22 3 4 
meee oneens enigszins neutraal enigszins 

meee oneens mee eens 

2.. Het programma MOBUM is gemakkelijk te gebruiken. 

11 2 3 
meee oneens enigszins neutraal 

meee oneens 

3.. Het gebruik van kleur in MOBUM is helder en duidelijk 

11 2 3 
meee oneens enigszins neutraal 

meee oneens 

4.. De foutmeldingen die MOBUM geeft zijn goed. 

11 2 3 
meee oneens enigszins neutraal 

meee oneens 

5.. De Tïelp' en ondersteuning die MOBUM geeft is goed 

11 2 3 
meee oneens enigszins neutraal 

meee oneens 

6.. De in MOBUM gebruikte iconen zijn helder en duidelijk 

11 2 3 
meee oneens enigszins neutraal 

meee oneens 

7.. De navigatie tussen de diverse schennen van MOBUM i 

11 2 3 
meee oneens enigszins neutraal 

meee oneens 

4 4 
enigszins s 
meee eens 

quaa betekenis. 

4 4 
enigszins s 
meee eens 

4 4 
enigszins s 
meee eens 

4 4 
enigszins s 
meee eens 

quaa betekenis. 

4 4 
enigszins s 
meee eens 

gebruikersvriendelijk. . 

4 4 
enigszins s 
meee eens 

5 5 
meee eens 

5 5 
meee eens 

5 5 
meee eens 

5 5 
meee eens 

5 5 
meee eens 

5 5 
meee eens 

5 5 
meee eens 

8.. De gedifferentieerde en gepersonifieerde "help' in MOBUM (zgn Agenten) is aansprekend. 

1 22 3 4 5 
meee oneens enigszins neutraal enigszins mee eens 

meee oneens mee eens 

5 5 

Figuree C.5 
Pagee 5: MOBUM Questionnaire. 
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Err volgen nu een aantal vragen over HOMER, het programma dat u als tweede heeft gebruikt. 

:.f;f̂ ,, J J 

::  "  :  . . . .

Gaa door met de vragen op de volgende bladzijde. 

Figuree C.6 
Pagee 6: HOMER Screen. 
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1.. De diverse schennen van HOMER zijn helder en duidelijk qua betekenis. 

1 22 3 4 
meee oneens enigszins neutraal enigszins 

meee oneens mee eens 

2.. Het programma HOMER is gemakkelijk te gebruiken. 

1 22 3 4 
meee oneens enigszins neutraal enigszins 

meee oneens mee eens 

3.. Het gebruik van kleur in HOMER is helder en duidelijk qua betekenis. 

1 22 3 4 
meee oneens enigszins neutraal enigszins 

meee oneens mee eens 

4.. De foutmeldingen die HOMER geeft zijn goed. 

1 22 3 4 
meee oneens enigszins neutraal enigszins 

meee oneens mee eens 

5.. De Tielp' en ondersteuning die HOMER geeft is goed 

1 22 3 4 
meee oneens enigszins neutraal enigszins 

meee oneens mee eens 

6.. De in HOMER gebruikte iconen zijn helder en duidelijk qua betekenis. 

1 22 3 4 
meee oneens enigszins neutraal enigszins 

meee oneens mee eens 

7.. De navigatie tussen de diverse schennen van HOMER is gebruikersvriendelijk. 

1 22 3 4 
meee oneens enigszins neutraal enigszins 

meee oneens mee eens 

7 7 

5 5 
meee eens 

5 5 
meee eens 

5 5 
meee eens 

5 5 
meee eens 

5 5 
meee eens 

5 5 
meee eens 

5 5 
meee eens 

Figuree C.7 
Pagee 7: HOMER Questionnaire. 
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Err volgen nu een aantal vragen waarin de programmatuur die u heeft gebruikt onderling worden 

vergeleken. . 

UU heeft eerst gewerkt met: MOBUM (zie onder): 

Daamaa heeft u gewerkt met: HOMER (zie onder): 

/fpjfeSu ! ! 

Jaa 1 

Gaa door met de vragen op de volgende bladzijde. 

Figuree C.8 
Pagee 8: MOBUM and HOMER Sereens. 
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1.. De schermen in MOBUM zijn helderder en duidelijker, qua betekenis, dan in HOMER. 

1 22 3 4 5 
meee oneens enigszins neutraal enigszins mee eens 

meee oneens mee eens 

2.. De MOBUM is gemakkelijker te gebruiken dan HOMER. 

1 22 3 4 
meee oneens enigszins neutraal enigszins 

meee oneens mee eens 

3.. Het gebruik van kleur in MOBUM is beter dan in HOMER. 

1 22 3 4 
meee oneens enigszins neutraal enigszins 

meee oneens mee eens 

4.. De foutmeldingen van MOBUM zijn beter dan die van HOMER. 

1 22 3 4 
meee oneens enigszins neutraal enigszins 

meee oneens mee eens 

5.. De "help' en ondersteuning van MOBUM is beter dan die van HOMER. 

1 22 3 4 
meee oneens enigszins neutraal enigszins 

meee oneens mee eens 

6.. De iconen van MOBUM zijn helderder en duidelijker qua betekenis dan die van 

1 22 3 4 
meee oneens enigszins neutraal enigszins 

meee oneens mee eens 

7.. De navigatie tussen de schermen in MOBUM is gemakkelijker dan in HOMER. 

1 22 3 4 
meee oneens enigszins neutraal enigszins 

meee oneens mee eens 

5 5 
meee eens 

5 5 
meee eens 

5 5 
meee eens 

5 5 
meee eens 

HOMER. . 

5 5 
meee eens 

5 5 
meee eens 

8.. Alles in overweging nemende vind ik MOBUM een beter programma dan HOMER. 

1 22 3 4 5 
meee oneens enigszins neutraat enigszins mee eens 

meee oneens mee eens 

9 9 

Figuree C.9 
Pagee 9: Comp Questionnaire. 
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Summary y 

Thiss thesis is about using modelling as a means for learning. It uses the idea that the 
inherentt explicitness of a model and the manipulation of knowledge prevalent during 
aa modelling process stimulates the apprehension of scientific reasoning skills. Further-
more,, it proposes the use of a qualitative ontology as a means for developing conceptual 
knowledgee by learners. 

Chapterr 1 discusses qualitative modelling and gives an overview of the most signif-
icantt achievements in the field. In addition, the important topics of model content visu-
alisationn and support in articulate knowledge modelling are enumerated. This Chapter 
concludess with a summary of the research goals of the thesis. 

Chapterr 2 discusses the design of model building environments. The discussion re-
volvess mainly around three key issues; firstly, expressing the tasks involved in modelling 
aa system and its behaviour by making use of a qualitative vocabulary, secondly, defining 
meanss for visualising the various model ingredients and, finally, specifying effective ways 
off  interacting with those ingredients. Some important conclusions are drawn from this dis-
cussion.. Next, a rational task analysis is used to identify a set of distinct and manageable 
taskss for building qualitative simulation models. Our analysis suggests that a canonical 
sett of seven modelling activities cover the complete range of activities needed for qualita-
tivee model-building. . Another important topic treated in this chapter is the visualisation 
off  the inner details of a model. For that purpose we define a series of general principles. 
Basedd on these, two alternative visual organisations of model ingredients on the screen 
aree presented. One approach centres around the unique role of the entities, whereas the 
otherr considers all model ingredients to be equally important. It is also mentioned, that 
aa concrete implementation of a model building environment will eventually involve the 
conceptss of builders, tools, graphs, vertices, and arcs. The conceptual foundation of this 
frameworkk is detailed in this chapter. 

Chapterr 3 presents a field experiment using the qualitative model-building environ-
mentt called HOMER. The purpose of this experiment was to validate the task analysis 
presentedd in the preceding chapter. To our general satisfaction, all subjects smoothly fol-
lowedd the implicit task execution sequence proposed by the environment. An exception 
occurredd with the creation of quantity spaces; possible explanations for this are discussed. 
.. Another interesting result was that most subjects felt the need to make drawings of their 
modelss in order to get a better understanding. This suggested that a future implementation 
off  the building environment should support a model sketching task. Also, subjects were 
oftenn found constructing a full causal explanation of the behaviour of their system which 
suggestedd that a causal 'model-view' should also be supported by a future implemen-
tation.. In order to gather a complete list of usability problems, the heuristic evaluation 
methodd was used. We were especially interested in assessing the problems concerning 
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thee user interface. A number of problems related to the process of building qualitative 
modelss were evident; they were categorised into four main classes: scoping, structuring, 
representingg the model, and understanding the model-building concepts. We were able 
too conclude that HOMER is already a tool which enables users to create basic qualitative 
models.. However, constructing models is a difficult task and the provision of additional 
supportt is needed in order to have subjects effectively use qualitative modelling tools such 
ass HOMER. 

Chapterr 4 discusses ideas on how to add support to an interactive learning environ-
ment.. Based on a literature study of software systems that are somehow related to the 
workk presented in this thesis, we try to identify the best traits of existing support sys-
temss in learning environments, so as to be able to include them in a future version of 
ourr model building tool. We conclude that domain independence necessarily implies a 
moree demanding support system; that since qualitative modelling is not part of standard 
curricula,, support regarding the Qualitative Reasoning ontology must be included; that 
simulationn results themselves are a form of feedback and that therefore it is essential that 
model-buildingg and analysis of simulation results occur in one and the same environment; 
andd finally that pedagogical agents represent a new learning paradigm and we therefore 
proposee a set of agents featuring personification and modularity. 

Chapterr 5 addresses the design of MOBUM, a prototype model-building environment 
forr constructing qualitative models. Its design is based on the experimental evaluation of 
HOMERR described in Chapter 3, during which a series of problems regarding user inter-
actionn and support were detected. As such, MOBUM offers a more consistent and flexible 
userr interaction. It offers the ability to run a simulation and inspect its results in one and 
thee same environment. User feedback has been significantly improved, mainly by means 
off  an agent-based engine which offers support at various levels, ranging from offering 
helpp on conceptual knowledge to giving advice about the completeness and correctness 
off  ones model at every stage of the model-building process and suggesting useful actions 
too the modeller. Furthermore, MOBUM has been equipped with the so-needed abstrac-
tionn tools in form of the SWAN SketchPad, a drawing tool for the purpose of making 
quickk and unconstrained drawings of one's ideas, and the Causal Model Builder, which 
allowss a learner to formalise and specify a causal model without being concerned with 
otherr aspects. Chapter 5 also summarises the overall design methodology used for the 
implementationn of MOBUM. Special emphasis is given to the interactive cycle involving 
Design,, Prototype Implementation, and Evaluation. 

Chapterr 6 presents a field study using the newly implemented prototype system 
MOBUM.. The main conclusions drawn from this study are the following. Firstly, we 
concludee that model-building support is an essential feature of any learning-by-doing en-
vironment.. The support system should only allow the construction of syntactically correct 
models;; it should possess knowledge about the model construction process and the actual 
statuss of the model at every stage of the modelling sequence; it should provide help be-
yondd the syntactic level; and be useful to both novice and expert users. Our second main 
conclusionn regarding the research described in this thesis concerned the design of the user 
interface.. An experiment was undertaken with the purpose of evaluating the impressions 
off  the users concerning the user interface in general and also when compared to the user 
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interfacee of HOMER. The overall conclusion is that the user interface of MOBUM was 
clearlyy more appreciated, thus validating the model visualisation principles described in 
Chapterr 2. Chapter 6 concludes with a series of suggestions for further improvements in 
futuree implementations of the qualitative model-building tool. 

Chapterr 7 concludes this thesis. It summarises the situation at the beginning of this 
researchh project and discusses its main achievements. The thesis is closed with a number 
off  suggestions on possible future developments and further improvements. 





Samenvatting g 

Ditt proefschrift betreft het gebruik van modelleren als middel tot leren. Het verdedigt het 
ideee dat de inherente duidelijkheid van een model en de manipulatie van kennis gedurende 
eenn modelleringproces de verwerving van wetenschappelijk redeneren stimuleert. Tevens 
wordtt voorgesteld om een kwalitatieve ontologie te gebruiken als middel ter ontwikkeling 
vann conceptuele kennis door leerlingen. 

Inn hoofdstuk 1 wordt kwalitatief modelleren besproken en wordt een overzicht 
gegevenn van de belangrijkste ontwikkelingen op dit gebied. Verder worden de onder-
werpenn model-inhoud visualisatie en ondersteuning in "articulate knowledge modelling" 
toegelicht.. Dit hoofdstuk wordt afgesloten met een samenvatting van de onderzoeksvraag-
stellingenn van deze dissertatie. 

Inn hoofdstuk 2 wordt de structuur van het bouwen van een model besproken. De 
besprekingg draait hier om drie hoofdpunten: ten eerste het vaststellen van de taken die 
eenn rol spelen bij het modelleren van een systeem en het bijbehorende gedrag middels 
eenn kwalitatief vocabulair, ten tweede het definiren van een methode om de verschillende 
modelingredintenn visualiseren en ten derde het specificeren van effectieve manieren om 
mett die modelingredinten te interacteren. Uit deze discussie worden enkele belangri-
jkee conclusies getrokken. Door gebruik te maken van een rationele taakanalyse kan 
menn de taken identificeren die betrokken zijn bij het ontwerpen van kwalitatieve simu-
latiemodellen.. Onze analyse stelt dat een canonieke set van zeven modellering activiteiten 
dee gehele reikwijdte van activiteiten van kwalitatief model ontwerp omvat. Dit betreft 
dee vaststelling van respectievelijk: entiteiten; attributen; structurele relaties; kwantiteit-
ruimten;; kwantiteiten; scenario's en modelfragmenten. 

Eenn ander belangrijk onderwerp in dit hoofdstuk betreft de visualisatie van de in-
wendigee details van het model. Met betrekking tot dat doel definiren wij een serie van al-
gemenee principes voor de visualisatie van modelingredinten. Hierop baseren wij twee al-
ternatievee visuele organisatiemethoden van modelingredinten. Een benadering bespreekt 
dee unieke rol van bepaalde entiteiten terwijl de andere benadering stelt dat alle modelin-
gredintenn even belangrijk zijn. Er wordt tevens gesteld dat een concrete implementatie 
vann een modelbouw-omgeving uiteindelijk zal bestaan uit "builders", "tools", "graphs", 
"vertices""  en "arcs". De conceptuele basis van deze aanpak wordt ook besproken in dit 
hoofdstuk. . 

Inn hoofdstuk 3 wordt een veldexperiment gepresenteerd met gebruikmaking van 
dee kwalitatieve modelbouw-omgeving HOMER. Het doel van dit experiment was de 
taakanalyse,, zoals besproken in het voorgaande hoofdstuk, te valideren. Tot onze 
geruststellingg volgden alle proefpersonen de impliciete taakuitvoering volgorde zoals 
voorgesteldd door de modelbouw-omgeving. Een uitzondering deed zich voor bij on-
twikkelingg van "quantity spaces". Mogelijke verklaringen hiervoor worden in dit hoofd-
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stukk gegeven. Een andere interessante observatie was dat proefpersonen de behoefte had-
denn om tekeningen te maken van het model om een duidelijker inzicht te verkrijgen. Dit 
suggereertt dat een toekomstige implementatie van de modelbouw-omgeving een teken-
taakk dient te ondersteunen. Tevens werd gezien dat proefpersonen een causaal model van 
hett totale systeemgedrag probeerden te creerden, wat suggereert dat een toekomstige im-
plementatiee tevens een causaal model gezichtspunt dient te ondersteunen. Om een com-
pletee overzicht te krijgen van de bruikbaarheid van de modelbouw-omgeving werd de 
heuristischee evaluatiemethode gebruikt. Een aantal problemen betreffende het proces van 
hethet construeren van kwalitatieve modellen werdduidelijk. Deze werden onderverdeeld 
inn vier klassen: "scoping', "structuring", "representing the model" en "understanding 
model-buildingg concepts". Wij waren in staat te concluderen dat HOMER reeds een hulp-
middell  is dat gebruikers in staat stelt om eenvoudige kwalitatieve modellen te laten creren. 
Echterr het construeren van modellen is een moeilijke taak en het verschaffen van aanvul-
lendee hulpmiddelen is van belang om personen modelbouw-omgevingen zoals HOMER 
optimaall  te laten gebruiken. 

Hoofdstukk 4 bespreekt hoe ondersteuning kan worden geboden bij interactieve 
leeromgeving.. Gebaseerd op een literatuurstudie betreffende softwaresysternen gerela-
teerdd aan het onderwerp van deze dissertatie, trachtten wij de beste kenmerken te identi-
ficerenn van reeds bestaande ondersteuning bij leeromgevingen. Dit alles met als doel om 
dezee in een toekomstige modelbouw-omgeving als hulpmiddelen te includeren. 

Wee concluderen dat domein onafhankelijkheid een uitgebreider hulpsysteem behoeft; 
datt aangezien kwalitatief modelleren geen onderdeel uitmaakt van het standaard curricu-
lumm en ondersteuning met betrekking tot QR-ontologie derhalve opgenomen dient te wor-
den;; dat simulatie resultaten een vorm van feedback zijn en dat het daardoor essentieel 
iss dat het bouwen van een model en het analyseren van simulatie-resultaten in dezelfde 
omgevingg plaatsvinden; en tenslotte dat "pedagogical agents" een nieuw leerparadigma 
vertegenwoordigenn en dat wij in verband hiermee een aantal middelen voorstellen met als 
kenmerkk personificatie en modulariteit. 

Hoofdstukk 5 heeft betrekking op het ontwerp van MOBUM, een prototype 
modelbouw-omgevingg ter constructie van kwalitatieve modellen. Het ontwerp is groten-
deelss gebaseerd op de experimentele evaluatie van HOMER zoals beschreven in hoofd-
stukk 3,waarbij een aantal problemen aangaande user-interface en ondersteuning werden 
gedetecteerd. . 

MOBUMM levert een meer consequente en meer flexibele gebruikersinteractie. Het 
biedtt de mogelijkheid tot simuleren en tot inspectie van de resultaten van deze simulatie in 
nn en dezelfde omgeving. Gebruikersfeedback is hiermee aanzienlijk verbeterd, met name 
doorr middel van een "agent-based engine" welke ondersteuning levert op verschillende 
niveaus,, varirend van het bieden van hulp mbt conceptuele kennis tot het geven van advies 
mett betrekking tot de volledigheid en juistheid van het gebruikte model in elk stadium 
vann het ontwikkelingsproces. Hiermee worden waardevolle suggesties gedaan aan de 
modelbouwer. . 

MOBUMM tevens is uitgerust met de benodigde abstractiehulpmiddelen in de vorm van 
dee "SWAN SketchPad", een teken hulpmiddel om snel en onbeperkte schetsen te maken 
vann een idee. Ook bezit MOBUM de "Causaal Model Builder" welk de leerling toestaat 
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eenn causaal model te specificeren zonder door andere zaken te worden afgeleid. 
Hoofdstukk 5 geeft tevens een samenvatting van het ontwerp en de methodologie welke 

gebruiktt werden voor de implementatie van MOBUM. Speciale aandacht wordt gegeven 
aann de interactieve cyclus betreffende ontwerp, prototype implementatie en evaluatie. 
Hoofdstukk 6 betreft een veldstudie met het nieuwe prototype MOBUM. De belangrijk-
stee conclusies van deze studie worden hier samengevat. Ten eerste concluderen wij dat 
ondersteuningg bij modelbouw een essentieel onderdeel moet zijn van elke leeromgeving 
diee "leren-door-doen" als paradigma heeft. Het ondersteunende systeem dient alleen de 
constructiee van syntactisch correcte modellen te ondersteunen.Het dient kennis te bezitten 
aangaandee het modelbouwprocess en de actuele status van het model op ieder moment. 
Hett dient syntaxis overstijgende hulp te bieden en het dient gemakkelijk te gebruiken te 
zijnn voor beginners en gevorderden. 

Onzee tweede belangrijke conclusie aangaande het onderzoek van deze dissertatie be-
troff  het ontwerp van de gebruikersinterface. Er werd een experiment verricht met als doel 
dee gebruikers indrukken te evalueren aangaande gebruikersinterface in het algemeen en 
inn vergelijk met de gebruikersinterface van HOMER. 

Dee conclusie was dat de interface van MOBUM als zijnde significant beter werd gek-
walificeerd.. Dit geeft ondersteuning aan de visualisatie principes zoals beschreven in 
hoofdstukk 2. 

Hoofdstukk 6 besluit met suggesties voor verbetering in toekomstige implementaties 
vann modelbouw-omgevingen ten behoeve van kwalitatieve modellen. 

Hoofdstukk 7 sluit deze dissertatie af. Het vat de situatie aan het begin van dit on-
derzoeksprojectt samen en bespreekt de belangrijkste bevindingen van het onderzoek. De 
dissertatiee eindigt met enkele suggesties voor toekomstige ontwikkelingen en verdere ver-
beteringen. . 
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