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1 Introduction

Physical reality does not obey boundaries we draw. It does however obey boundaries nature draws; it obeys the laws of nature. A small article in a Dutch newspaper (2004) links these remarks to the cadastral system. 

During the previous 15 years a small island in the north of the Netherlands ‘walked’ 2 kilometers eastwards. Nature caused the movement of this island; it is a continuous process for probably as long as the island exists. Whole villages disappeared in the sea due to this process. This time the island moved into another province. To be able to move into another province we need not only walking of an island, we also need the social concepts provinces and boundaries, in this case fixed boundaries. With the movement of the island into another province legal questions regarding responsibility arose, a boundary correction would solve these apparent problems, but would cause financial loss for the province and the municipality losing area.

This small example shows how reality and social concepts can affect each other. Boundaries in real estate are socially defined concepts, they might but do not necessarily coincide with natural movement of the land. The choice to switch to one system or another is a social choice and implications are not easy to foresee. The above example shows the influence, which the choice for a certain method of delineating land can have. In this case boundaries are based on coordinates instead of on natural boundaries like the rim of the island. 

There is a strong interplay between social and technical aspects and choices in this system. To measure coordinates we need technology. Without technology we cannot solve disputes around boundaries in a rational fashion. This interplay is the subject of a research project investigating the nature of so called socio-technical systems. In this paper we will address two research goals. On the one hand we will use the concept socio-technical system to try to gain more understanding of the cadastral system, while on the other hand we’re trying to gain more insight in the concept socio-technical system itself by studying the cadastral system. We will use the basic underlying argument of socio-technical systems to analyze the cadastral system and then we will try to gain more insight in the constituents of such a system using this analysis.

First some clarification is provided on the terminology regarding socio-technical systems, as well as the argumentation for introducing a specific class of socio-technical systems, in terms of a preliminary model for these systems with its constituents. With this model we take a closer look at the cadastral system. Based on the results of and problematic issues we encountered through this study, we do a further analysis of the cadastral system and come with amendments for the model. Finally, remarks regarding the cadastral system are made, based on the socio-technical analysis.

2 Terminology and the theory behind socio-technical systems

In this chapter we will address in detail the model we use as a basis for the socio-technical analysis. Prior to this model we give clarification on essential terminology used in this paper.

2.1 System

The term system, as a whole of related elements, can be used for almost everything in this world, from a group of atoms to the whole universe. To get a bit more clarity we want to introduce two distinctive ways of regarding systems: synchronic and diachronic. 

1) The first type of system is the system as it exists at a certain moment in time; it is a snapshot of the constituents of the system, its elements and relations between them. One can also refer to this as a static system view. 

2) The second way refers to systems where the elements are connected in time. One element shifts through a process into another element. These changed elements can then be systems of the first kind by themselves, giving us several static systems connected through processes in time. This will be called a dynamic system view.

This is however a conceptual distinction, since in reality it will be impossible to map a system at one moment in time, taking all elements and relations properly into account, without looking at the processes in the system.

2.2 Cadastral System

By cadastral system we refer to ...

2.3 Systems engineering

The emergence of the field of systems engineering was a reaction to the increasing complexity in the product to be designed, and in the design approach. This distinction seems similar to the distinction between the synchronic and diachronic system view presented above, but is different. If we look at the system as an object of design, we seem to take a synchronic system view; we can see the complexity of the object increase in the amount of constituents and the number of different kinds of constituents of the object.  However a process can be an object of design as well and therefore a dynamic system with elements linked by processes can also be object of design. The design approach is in fact a process were more and more phases of the life-cycle of the object are taken into account (Ottens 2005).

This distinction between these two forms of complexity can be found in the field of systems engineering from the beginning of this field of research. So now we have two kinds of systems: either as an object of design or as a class of approaches to design these systems.  Like the previous distinction this one is conceptual as well. One can imagine that it is quite hard to design a very complex dynamic system with a very simple design approach.

To be filled in
Figure 1: Two forms of complexity and a view of the research frontier

2.4 Socio-technical systems

Argumentation

When we talk about socio-technical systems we refer to systems wherein the elements are not only of a different nature within the technical realm, like mechanical, electrical and optical, but where the nature of the elements is more fundamentally different. The differences in nature follow from differences in properties of the elements, properties that differ fundamentally, so that the elements cannot be modeled in the same manner. We made two distinctions that form the basis argument for setting up a preliminary conceptual model for analyzing socio-technical systems which I will discus here.

The first distinction is a distinction between elements with and elements without intentionality, acting and non-acting elements. Contrary to theories like the Actor-Network Theory and Systems Engineering approaches we believe there has to be made a fundamental distinction between actors and non-actors. Even though objects can be made with certain intentions in mind and therefore limit the user in possible uses, they cannot act intentionally themselves. And neither should actors be modeled acting pure rationally according to the laws of logic, not taking into account their intentionality and therefore possible unexpected behavior.

The second distinction is a distinction based on the influence of the laws of nature on the functioning of the elements. The above mentioned elements like mechanical and electronic elements are bound to and depending on the laws of nature for their functioning. There is another group of abstract, rule-like, elements, like legislation and contracts which involve the laws of nature in a completely different way, in a way that they are not subject to the laws of nature at all. It is not impossible to make a law to oblige stones to fall up, or to make contradictory laws that defy the laws of logic. These elements might materialize in objects that are bound to the laws of nature, but the rules themselves are not, neither is their functioning dependant on the laws of nature. It is of course highly impractical to make a law to oblige stones to fall up or to make a self contradicting law, but it is possible and it happens.

Based on these distinctions I will now introduce a preliminary model with three kinds of elements and four kinds of relations as its constituents, and I will take a closer look at the boundaries of a system and give an example of a socio-technical system.
Elements 

The first kind of element is called a technical element. This element contains all the previously mentioned mechanical, electronic etc. elements. This element is not intentional and is subject to the laws of nature for its functioning.

The second element is an element that is non-intentional as well, but not subject to the laws of nature like the technical element. We call this a social element. The group of social elements is big and diverse, for example legislation, economic structures, rules, contracts and organizations.  Further analysis needs to be done to see whether this group is not too diverse to be caught in one kind of element.

The third kind of element is the intentional element, an element that can act or a so called actor. This element is initially subdivided in human actors and groups like organizational units. This raises questions regarding the status of such units as intentional elements. We will come back to this later.

We now have intentional as opposed to non-intentional elements, but we also can make a distinction between technical as opposed to non-technical elements. Regarding the latter we can make an analogue between laws of nature constraining technical elements versus social rules constraining the behavior of actors. This emphasizes the difference between technical elements and non-technical elements, since the constraints laws of nature put on the behavior of technical elements are real constraints, they cannot be ignored, while the link between social rules and the behavior of actors is much weaker. The link between intentionality and social elements seems to be much stronger then the intentional/non-intentional separation does imply. The separation in three different elements is visualized in figure 2.

Visualization 

If we make a sketch (see figure 2) of these elements we quickly find there are six relations possible; relations between elements of the same kind and relations between elements of a different kind.
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Figure 2: Elements (1-3) and relations (i-vi) in a socio-technical system

Relations

Based on the three different elements and their fundamental difference we came up with four different kinds of relations in this model. 

First of all, elements can be physically related when they are made out of matter. They can touch, stand on top of each other and not be in the same space at the same time. This physical relation can, but not necessarily does contribute to a function. For example friction between tires and the road contributes to the function of transportation of a vehicle, but the same vehicle touching the back wall of a garage-box is not necessarily functional. 

The second relation just introduced is a functional relation. An actor can fulfill a function in a transportation system, a truck can and even a road traffic act can in preventing accidents and therefore smoother transport.

With the incorporation of elements with intentionality (actors) we bring in a third relation: an intentional relation. The actor has certain intentions with other elements, being technical or social elements or other actors. Their intentions towards a designed element might differ from the function originally intended by the designer. Intentional behavior can have a great impact on the functioning of the system. In order to understand a system, how it works or how it fails, we have to take intentionality into account. The functioning of social elements is not based on the laws of nature we argued, they can even be purely abstract, as in not written down rules (like common ‘law’), yet they can have impact on the system, which for a great deal can be understood by means of functional relations. We have to stretch the scope of functional relations beyond physical functional relations. For example certain rules are made to assist in applying policy to real life situations. 

We think, however, that it is useful to introduce a fourth kind of relation to also clarify relations involving social elements that are not directly functional, but nevertheless are direct relations: a normative relation. Legislation, for example, prohibits us to steal, it gives us the right to vote, it relates to us without being directly functional, it gives us a framework which functions in making society run more smooth, but doesn’t relate directly functional to the persons. Another example is norms prescribing the size of nuts and bolts. They do not have a direct functional relation with the nuts and bolts. They might have a higher functional aspect regarding ease of fabrication and replacement, but the relation between the norms and the nuts and bolts is merely normative. It prescribes how the nuts and bolts should be made without being functionally or physically involved in the process of the making or in the use of them.

	i technical- technical
	physical
	functional
	
	

	ii technical - agent
	physical
	functional
	intentional
	

	iii agent - agent
	physical
	functional
	intentional
	

	iv agent - social
	
	functional
	intentional
	normative

	v social - social
	
	functional
	
	normative

	vi social - technical
	
	functional
	
	normative


Table 1: Kinds of relations

In table 1 these different kinds of relations are positioned relative to the six relations (i-vi, see figure 2). The table is based on possible relations and exclusion of possibilities. For example for physical relations we need two material elements. When one element is abstract, such a relation could not exist. Whether social elements might need to be materialized in order to function properly is something still open for discussion. Intentionality we attached to the intentional elements and can therefore only exist when intentional elements are involved. The normative relation is more difficult. One could argue that a parent sets norms for his children, but then the normative relation might be between the rules and the child rather then between the parent and the child. For now we take rules (e.g. norms) as being the essential elements for a normative relation.

An example

An analysis of the status of actors and social elements with regard to engineering systems, suggest that at least three different types of systems can be distinguished (see Table 2) (cf. Kroes et al., forthcoming): (1) engineering systems that perform their function without either actors or social elements as sub-functions within the system, (2) engineering systems in which some actors perform sub-functions but social elements play no role, and (3) engineering systems that need actors and some social/institutional infrastructure to be in place in order to perform their function. In the last case it seems appropriate to speak of socio-technical systems, and in our view most large-scale infrastructures are of this kind.

	
	Without actors
	With actors

	Without social elements
	1) Landing gear
	2) Airplane

	With social elements
	-
	3) Civil aviation system


Table 2: Three kinds of engineering systems

Here we see three different systems where the complexity increases because of the different kinds of elements in the system. This distinction is based upon our argumentation for socio-technical systems. All above systems are viewed as diachronic systems. 

Boundaries of a system

The questions, what makes a bundle of elements and relations a whole, or what determines boundaries of a system, are answered by further asking for, what is essential for the functioning of the system. This further question can be answered, since the functional relation seems to be possible between all elements. However, the functioning of the system does not imply there is something like the system function. Since ‘system’ is a very relative notion, namely relative to the person who looks at the system, the system function is different for each of these persons. On a lower level, however, it is easier to agree that certain elements are necessary for the functioning of the system as a whole, whatever is intended with the system. A boundary argument used in Systems Engineering is to include elements if they are open to design, besides being essential for the functioning of the system. This argument is a reason for system engineers not to include social elements like legislation within their system boundaries, since to them social elements are not open to design. But then, by considering institutions open to design we can include them within our system boundaries, although we need to incorporate the designing discipline of such elements also, of course. We must emphasize that the term design here is used in a very broad sense, and emphasize that the design of social elements is indeed different from the design of technical elements. For now we will use being essential for the functioning of the system and being open to design (in a broad sense) as the main arguments for delineating the system, with the above remark made about design taken into account.

2.5 Concluding the exposé of the socio-technical model, and questions

Based on the inclusion of elements with intentionality and social elements, we came up with a list of four relations. In our analysis of the relations we figured that four kinds of relations exist between these elements. We also introduced ‘being essential for the functioning of the system’ as a bounding argument for the constituents. We now will take a closer look at the constituents of the cadastral system and see to what extent these constituents and the relation between them can fit in the conceptual model and to see if the arguments behind the introduction of socio-technical systems have any relevance for modeling the cadastral system.

3 The cadastral system as a socio-technical system

Applying the above sketched theory, we will now perform a socio-technical analysis. Rather then filling in the model we will first do a conceptual analysis of the cadastral system, to see what the system actually is, in order not to be limited by the three elements and four relations in the model. With this conceptual analysis in mind we then try to come up with elements in the system, elements that we think are necessary for the functioning of the cadastral system, taking into account the underlying argumentation of socio-technical systems. We then try to fit these elements into the model to identify possible omissions, and to see where the model needs to be adapted. The focus in this analysis is on elements rather then relations, since the model is more robust in its elements currently then with regard to the relations. Where possible we will pay attention to the relations as well.

3.1 Conceptual analysis

For doing a conceptual analysis of the cadastral system we will focus on the concepts underlying the system. We can ask ourselves questions like what is the system about, what is(are) its function(s), what is it based on and why does it exist. Furthermore we can have a look at existing conceptual models of the cadastral system and see how they fit our ideas and how they compare.

There are four leads in literature we will discuss, Lemmen et all, Cadastre 2014, Zevenbergen on trustworthiness, and de Soto on ownership of real estate as a necessary condition for economic development. De Soto’s gives a reason behind the Cadastral System, what is the purpose of the system, why it exists. Zevenbergen argues that trustworthiness is an essential property of the system. And both Lemmen et all. and C2014 give conceptual models of the system, based on an idea of what the function of the system is.

[include story with references to different models, core model, cadastre 2014, Zevenbergen trust story] 

The cadastral system is about ownership, ownership of real property. For ownership we need at least something that is or can be owned, we need an owner and we need a context in which the idea of ownership is accepted, a society. Ownership can only exist if it is properly enforced. While enforcement might have been based on brute force in earlier days, nowadays the enforcement is institutionalized in legislation, law enforcement, a judicial system, etc. in our Western societies. The efficacy of a cadastral system depends on its embeddedness in this societal context. Without properly working judicial and law enforcement systems the cadastral system is bound to fail, even if the legislation itself is perfect. Experiments with implementing cadastral systems in developing countries prove this assumption. If we design a system with a perfect legislation and all necessary technology and try to implement it in a country where people do not trust the government, the system is bound to fail. 

A cadastral system thus needs a society in which ownership is embedded and accepted. The models presented by Lemmen and C2014 therefore seem to be too limited; they model the cadastral system as an owner-rights-owned relation (or owned-rights-owner). A model for the cadastral system that only deals with rights might be useful as a descriptive model, but seems too limited to be a prescriptive model for the implementation of cadastral systems in a society without trustworthy judicial and law enforcement systems. These models would work if we were bound to legal laws in the same way matter is bound to the laws of nature. But at the heart of our socio-technical system ideas is the assumption that there is a fundamental difference between social elements and technical elements. Legal laws are not equally powerful as the laws of nature or even the laws of physics (as being an approximation of the laws of nature), we cannot defy the laws of nature while we can defy legal laws. For a cadastral system to function properly, we argue, it takes more then a good technical system and a good legal framework. Here we adopt Zevenbergen’s ideas on trustworthiness. The system has to be trustworthy, otherwise it will not work, and since the system needs to be enforced by judicial and law enforcement systems we not only need to trust the cadastral system itself, we need to trust the government as a whole. Now we enter a vicious circle, people will only trust a system if it works and the system only works if people trust it. Analysis of the past development of cadastral systems may reveal, how trust and effectiveness nevertheless have in fact been established. 

We will leave this discussion here and focus now on the elements we think necessary for the functioning of the system, where we take a threefold relation between owner, owned and society as a conceptual basis for the cadastral system.

3.2 Elements of the cadastral system

In the following three paragraphs, we address each of the three elements of the socio-technical model, suggesting cadastral elements to be placed in the model, and noting the problems we encountered. In the next chapter we discuss, how to deal with these problems, by analyzing them in more detail and suggesting amendments of the socio-technical model where adequate.

Actors

	Owner (user) 

	Companies (Professionals: surveyors, lawyers; Financial institutes: Banks, ..; Computing: Software and Services;) 

	Authorities (Government, judiciary (and police); government officers;) 

	Schools (Universities etc) 

	Groups (squatters, social movements)


If we consider, how actors are conceived in system theories, we find two extremes with regard to intentionality: The actor as being (purely) intentional in social science, and the actor as being (completely) non-intentional (fulfilling a technical sub-function in the system) in engineering sciences. Other theories in economic sciences take the actor as intentional but taking completely rational decisions. Systems engineering approaches model actors only as operators, e.g. in role of professionals, within the system, while social sciences not only take operators into account, but also at the users of the system.
Another distinction seems possible between different categories of actors, a subdivision within the actor element, namely between the actor who can be automated, and the actor who cannot be automated. This distinction would then apply to the distinction between professionals and users. One can for example automate a driver in a car, but one cannot automate a passenger in a car, since the car is made to transport passengers and with ‘automated’ passengers would loose its sense. It is immediately clear from previous example that this separation is not between actors as such, but rather between roles of actors, since driver and passenger can be the same. This distinction is useful for acknowledgement of the importance of intentionality of the actors. If you only take professionals into account, you can train them to act according to designed rules, but if you look at their roles of users of the system you have to deal with their intentionality and the freedom to act that goes with it. The distinction between professional and user seems to fail when we take researchers into account. Intentionality is part of their role as a professional, so automation seems to be out of the question.

The reasoning of the above distinction is assuming that the actor is an individual human.  In the theoretical account on the model, however, we also included groups as actors. The reason to do so is that legal groups can act in a legal sense and can be hold responsible for their acts.  From a certain philosophical standpoint, however, groups cannot be categorized as being intentional, since intentionality is directly linked to a mind [Stanford and Routledge encyclopedias of Phil.] and groups and organizations do not have minds of themselves.  Others, however, cf. Searle, state there is such a thing as collective intentionality. The element actor is, as we argued, distinct form the other elements in the model because of its intentionality. Following this argumentation and a direct link between intentionality with having a mind we could reposition the actors in their roles as professionals among the technical elements, and groups as actors among the social elements. Alternatively, we could refrain from using the intentionality argument as a distinction between actors and other elements or accept groups as having (multiple) minds and therefore some sort of intentionality, which might be collective intentionality. As a historical fact, groups of people have indeed acted with shared intentionality, e.g.  as achieved through deliberations within associations and social movements.  Furthermore, organizations are designed to bring about sufficient shared intentionality among its members to achieve stated objectives. This suggests that we consider organizations and, as appropriate, organizational units as a sub-category of the actor element. 

In the further analysis of the cadastral system we realized that besides discerning among individual actors and organizations, , we also have to deal with groups without a formal status. Native inhabitants form such a group or people who squad a building are sometimes treated as a group. This leads us to a subdivision in formal or institutionalized and informal, non-institutionalized, groups. This is a distinction we found useful in the category of social elements as well and which might also be applicable to the distinction between professionals and users, professionals acting according to formal written down procedures and users acting mainly on their own intentions and unwritten rules. 

We now concern groups and individual as actors in the system, while we discern between more formalized ‘legal’ groups and professionals on the one hand and not formalized groups and (ab)users on the other hand.

Social elements

	Procedures

	Legislation (e.g. stating rights)

	Standards

	Statutes

	Study programs

	Rituals

	Customary ‘law’

	Norms/values (trust)

	Socialization


Social element is a rather vague term; it is used as a group term for elements that are subject to the laws of nature in a different way from technical elements, their functioning is not depending on these laws. In the theoretical paragraph on boundaries we coined designable as a possible boundary condition for the system. If we take a look at the above list of elements we can probably stretch the notion design to include legislation and other more institutionalized social elements, but it seems rather impossible to include customary law and rituals in the system. Nevertheless the Cadastral system may influence and maybe even depend on these non designable notions. Furthermore, if trust in society is essential for the functioning of the Cadastral system it is no option to simply ignore such elements. Already in the actor analysis above, we encountered non-institutionalized elements that could influence the functioning of the system to a notable degree. We therefore suggest using the same subdivision in formal and informal elements as coined in the actor analysis

	Formal
	Informal

	Norms/values (trust)
	

	Legislation (establishing rights)
	Customary ‘law’

	Standards (of technical nature)
	Tacit knowledge

	Statutes (of organisations, etc)
	

	Study programs
	Socialization

	Procedures
	Rituals


Interesting now is to see whether the elements in the two subdivisions have unifying properties alongside formal and informal. One division would be between institution as formal and conventions as informal, however the term institution is too broad and too different conceptualized to be applicable to the formal subdivision introduced above. A second division, which seems to be more interesting, would be to distinguish between formally designed and informally emerged. This distinction merely emphasizes the already existing distinction between formal and informal, but adds the notion of ‘being intentionally made’. We have to state that with design we do not mean the classic engineering view on design, but rather the intentionality behind it. We assume the formalization of rules is a conscious process while the informal rules merely emerge. 

Technical elements

	Satellites

	Computers and networks

	Coordinate measuring devices

	Databases, archives; documents and maps

	Markers (boundary, control point, sign posts)


The list of technical elements we came up with in our analysis proved more challenging then we thought, probably because we categorized elements as technical elements when they did not seem to fit the other categories. If we now look if the functioning of all these elements is depending on the laws of nature, we find that for some elements it is not even clear what their functioning is. One of these problematic elements is the information in the system. Documents, coordinates etc. might have a function, but do they function as well? Another one is symbols used in the system. For example boundary marks and boundaries on maps. These elements do function, but their functioning is not obviously depending on the laws of nature. A boundary on a map functions because we recognize it as such. A boundary mark, functions also because we recognize it as such, but it might need a materialization that can use gravity as a natural law to stay in position and therefore depends on the law of nature for its functioning. We will discuss these issues in more detail in the next chapter.

4 Discussion

In this chapter we will discuss in more detail the issues that arose in our analysis if the Cadastral System. As said before we will focus the discussion on two topics, the model for socio-technical systems itself, how does the model reflect the practice, and the cadastral system, what a socio-technical analysis learns us about the cadastre.
4.1 Theoretical remarks

Static-dynamic

In the course of this analysis we ended up with several problematic issues, with regard to the model presented in the beginning. These problematic issues are symbols, information, research and education. In this section we will discuss in more detail these issues and come up with suggestions to adapt the model to adequately deal with them.

Symbols are essential elements in the cadastral system. They do not fit the description of technical elements we initially provided, but seem to be different from the social elements as in rule-like ?? elements as well. Symbols alone, without a legislative or similar backing seem not to be normative. The normative part is included in the meaning related to the symbols. In the case of traffic signs for example, the symbols alongside the roads and their meaning are described in regulations and legislation. Disputes will eventually be solved using the meaning as written in legislation and not on the personal interpretations of offenders for example. If we however refer to less strict symbols, the relation between the symbols and the rules behind them can become less clear, as is the case for example with male and female signs on toilets. Someone from a society where men wear dresses and women trousers might argue that he thought he was right in his choice for the wrong door, and since there probably is no legislation behind these symbols, other then the precept to have separate toilets, it all comes to the symbols themselves. A hypothesis could be that rules contain meaning themselves (legislative meaning), while symbols are attributed meaning by the interpreters of the symbols. This attribution of meaning is in the case of common symbols backed up by the rules behind the symbols like common law or legislation. By introducing a separation between formal and informal rules, like legislation and common law, the hypothesis seems to fail, since people attribute meaning to rules as well which is apparent in common law and then symbols and common law should be in the same category. And even in the case of legislation the meaning of rules are often disputed.

Symbols now seem not to be too different from rule like elements. And like rule like elements they are not using the laws of nature for their functioning, which was the basis for a distinction between technical and social elements. Therefore they will be considered part of the social elements.

There is however something else that came up with this exercise which is not adequately dealt with in the conceptual model, namely meaning. For a symbol to function it needs to be recognized. To deal with this recognition and attribution of meaning we introduce a fifth relation, a cognitive relation. This relation is not limited to symbols, it can also be in relation to rules and probably even to technical elements. Cognition however is only …. Mind story, therefore actors.. etc

Information is very important in every system, especially in information systems. Information itself has no function; it is abstract, although arguable technical information or data is a widespread term.

Research and education do not fit in easily in the model. Researchers do not fit the role model for professionals as actors that can be automated. Also, they do not contribute to the functioning of the system if we take a static system view

4.2 Cadastral remarks

[trust is important, st analysis can help in understanding the importance of non-formal elements in both actors and social elements and .. ] 

an actor has to attribute meaning to an object, he/she has to link the concept border with the border-stone in the field, with the border on the map or with the data in the database. Even abstract social rules exist in the real world and are subject to interpretation.

For both intentional and cognitive relations the actor element as being either human actors or groups runs into problems. Groups don't have a state of mind that is necessary to deal with the strict sense of intentions and cognition.
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