1.1. Definitions of cognitive science

David Green et al. (1996:5) characterize cognitive science in the following way: 


“We define the scope of cognitive science as the interdisciplinary scientific study of mind. Its practices and knowledge derive from those of the primary contributing disciplines, which are computer science, linguistics, neuroscience, psychology, cognitive neuropsychology, and philosophy. It seeks to understand how the mind works in terms of processes operating on representations. Mind, and hence the basis of intelligent action in the world, is viewed in terms of computations or information-processes.”

This definition can serve as a good illustration of the three basic features of almost all attempts to define cognitive science found in current cognitive science literature:

1. The subject of study in cognitive science is usually mind, intelligence, thinking or cognition.

2. The nature of cognitive scientific investigation is interdisciplinary.

3. The subject of cognitive science is characterized in computational-representational terms.

This definition and all definitions of cognitive science which share this three characteristics mix together two distinct understandings of the nature of cognitive science which we and other authors e.g. Harnish (2001) call the broad and the narrow. On the one hand, the broad definition of cognitive science includes the first two features of definitions as we identified them and leaves out the third one. The first two sentences of the Green et al. definition of cognitive science can be considered as a good example of the broad definition of cognitive science. On the other hand, the narrow definition of cognitive science is built on the third feature of cognitive science characterizing the subject of cognitive science in terms of computational-representational processes and states. It is well illustrated in the last two sentences of Green et al characteristic of cognitive science. 

Even though we thing that a complete definition of current cognitive science has to include both broad and narrow construal we deem it necessary to consider the two understandings of cognitive science separately. The main reason for this claim is the fact that broad and narrow definitions imply different ontological assumptions about the nature of the mind and put different methodological restrictions on the investigation of the mind. In the following analysis of the subjects, ontologies and methodologies of cognitive science we will make an attempt to support this claim. 

BROAD DEFINITION OF COGNITIVE SCIENCE

We already mentioned that broad definitions of cognitive science in general characterize cognitive science as a study of mind, intelligence or cognition and emphasize its interdisciplinary character at the same time leaving out precise specification of the nature of the subject studied. The fact that the broad definition of cognitive science does not specify the nature of mind, intelligence or cognition (or whatever the subject of cognitive science might be) is the most important feature which differentiates the broad construal of cognitive science from the narrow one. In this consideration of the broad definition of cognitive science we will first analyze the subject of cognitive science in the broad understanding, the meaning of interdisciplinary character of cognitive science and finally we will provide short characterization of disciplines participating in cognitive scientific research.

 Here are some other examples of the broad understanding of cognitive science that will be used in our analyses later:

 
Thagard (2001:11) defines cognitive science as an interdisciplinary activity concerned with thinking and intelligence involving philosophy, psychology, artificial intelligence, neuroscience, linguistics and anthropology. 

Gardner (1985:6) defines cognitive science as a contemporary, empirically based effort to answer long-standing epistemological questions – particularly those concerned with the nature of knowledge, its components, its sources, its development and its deployment. Gardner further lists five features generally associated with cognitive-scientific efforts. The one relevant to the broad understanding of cognitive science says that cognitive scientist harbor the faitht that much is to be gained from interdisciplinary studies. The other features will be considered in regard to the narrow construal of cognitive science.

And finally, according to Harnish (2002:3) cognitive science is the scientific study of cognition as carried out in accordance with the methodologies of these six disciplines: philosophy, psychology, linguistics, computer science, neuroscience and anthropology. 

The subject of cognitive science in the broad sense: As we can see the subject of cognitive science in the broad understanding varies from mind in general as in the Green’s version through thinking and intelligence in the Thagard’s definition to the epistemological questions in the Gardner’s case. Let’s consider these different proposals more precisely and try to resolve the best one. 

If we liked mind to be a subject of cognitive science we would first need some good definition of it which we currently to my knowledge lack. However, if we consider mind as a subject of cognitive science even without a good definition, it seems to be too broad and too narrow at the same time. Too broad in the sense that we could consider our basic instincts such as hunger and thirst to be part of our mind but they are not the processes studied by cognitive science. Too narrow because the consequence of considering mind to be the subject of cognitive science seems to be in the worse case elimination of the neuroscience from cognitive science (because of its focus on the brain), in the better case neuroscience would not be eliminated but considered to be only secondary. We know that both mentioned ways of treating neuroscience within cognitive science of mind are not in accordance with the current cognitive science. On the contrary, neuroscience plays these days in cognitive science quite prominent role. Therefore, mind doesn’t seem to be a good subject for cognitive science.

What about Thagard’s thinking and intelligence? This kind of characterization of the subject of cognitive science would exclude such fruitful branches of cognitive scientific research as psycholinguistic research of language or research on perception. This conception seems to be too narrow hence we can not accept Thagard’s proposal to consider thinking and intelligence to be the subject of cognitive science. 

In our opinion Gardner’s understanding of the subject of cognitive science in terms of answers to epistemological questions seems to be the most suitable one from our three candidates so far. On another place of his book (1985:5) he says that cognitive scientists ponder the sources of knowledge: where does it come from, how is it stored and tapped, how might it be lost? Gardner’s epistemological characterization of the subject does not seem to exclude any branch of current cognitive scientific research as in the case of Green’s mind as the subject of cognitive science. However, it is questionable whether the epistemological understanding of the subject in terms of knowledge does not exclude low levels of perception in general. Would we for example consider basic neuroscientific research on the nature of color perception or perception of motion saying  that there are specialized brain cells for perception of vertical lines to be research of knowledge? We don’t want to pursue this issue about the nature of knowledge further at this point. Let us stop here with the conclusion that this approach to defining the subject of cognitive science also seems to lead to a tricky point.

We claim that all the above objections do not apply to the  most intuitive and the most appropriate definition of the subject of cognitive science coming from Harnish.  Cognition seems to be the most suitable characterization of the subject of cognitive science in both the broad and the narrow sense. Of course, this claim forces us to raise at least two further problems: 1. How do we characterize cognition? 2.  If we want to separate broad and narrow construal of cognitive science we need two different definitions of cognition for the broad and the narrow understanding of cognitive science. Before we can answer the first question and define cognition we have to get rid of the second problem. We can solve it in the following way: The subject of both broad and narrow understanding of cognitive science is cognition but we will postulate different definition of cognition in the broad construal of cognitive science and different definition of cognition in the narrow construal of cognitive science.  Now the broad understanding of the subject of cognitive science can be expressed as follows: ”Broad conception of cognition is the study of attention, memory, learning, reasoning, problem solving, and aspects of motivation theory, action theory, perception, and language processing“ (Harnish, 2002:5). This definition of cognitive science is broad enough to cover all the different methodological approaches from different branches of science participating in cognitive science and all the investigated issues. At the same time it is narrow enough to exclude instincts of hunger and thirst from the problems studied by cognitive science.

The interdisciplinary character of the broad understanding of cognitive science.

The second feature of all definitions of cognitive science we identified is its interdisciplinary character. We consider this feature to have the potential to be either the strongest or the weakest point of cognitive science. In what follows we want to elaborate this claim and show how we can keep advantages of  the interdisciplinary character of cognitive science and avoid the disadvantages. In this spirit we will finally try to characterize the participating disciplines of cognitive science.

Ned Block (1980:2) says that progress in science usually involves either the solution of various conceptual puzzles or designing new breakthrough experiments. The interdisciplinary character of cognitive science creates an environment supporting both of these potential sources of progress by enabling the interdisciplinary dialog and by applying methodologies of various sciences with the aim to understand cognition. The strength of this approach lies in the fact that different disciplines focus on the same problem, in the case of cognitive science on understanding cognition, and try to tackle it at the same time from different points of view.

However, the interdisciplinary character can also become an obstacle at some point. This happens when the interdisciplinary character of cognitive science is only understood as a dialog of scientists from different disciplines without the very important focus on one subject. Not having the subject specified increases the danger that the dialog will crash because of the lack of overlap between the problems studied by scientists coming from different disciplines. Imagine for example the communication between a psychologist working with patients with phobias and a linguist working on issues of null subject in Slovak (provided that they don’t have any knowledge in the other parts of their disciplines). In their talking together the psychologist would probably try to explain to the linguist what he is working on in the same way as he would try to explain his work to a lay person. The linguist would probably approach the dialog with the psychologist with the same attitude. But this is not what cognitive science or any interdisciplinary scientific effort should be about. If the dialog should stimulate progress in science the two scientists should have in common the subject of their work – in cognitive science cognition. This would change the lay person approach of the interdisciplinary dialog to the interdisciplinary scientific study approach. Now it becomes clear that the basic assumption for creating fruitful interdisciplinary environment is having a few scientific disciplines focusing on the same issue at the same time. In cognitive science it means that relevant parts of psychology, philosophy, computer science, neuroscience, linguistics and anthropology were put together with the aim to bring some light into the problem of cognition. Therefore we don’t accept Thagard’s claim (2001:25) that the weakest version of definition of cognitive science would be the simple list of the activities of the following sciences: psychology, artificial intelligence, linguistics, neuroscience, anthropology and philosophy. In our view, cognitive science can not be viewed as a simple set of sciences but as a new science created by overlapping parts of participating disciplines. Green (1996:7) illustrated this point very well on the example of artificial intelligence: “The conception of the discipline of cognitive science distinguishes it (artificial intelligence as a part of cognitive science) from some of the work in artificial intelligence (as separated discipline), which is free to develop solutions to problems unconstrained by any view of how humans think’.

As we have demonstrated the important link that ensures getting the advantages of interdisciplinary work is the focus on the same issue – in case of cognitive science on cognition. Now we can have a look at disciplines participating in cognitive science and try to characterize them in the spirit of this understanding of interdisciplinary work. In other words, we will try to show how they can shad light on the issue of cognition.

The list of disciplines considered to be participating in cognitive science varies a bit from one author to another. We will consider the disciplines and their relations as depicted in the cognitive hexagon of the 1978 Sloan Foundation Report
: State of the Art in Cognitive Science:

Figure 1. The cognitive hexagon.

According to the cognitive hexagon the main participating disciplines are philosophy, psychology, linguistics, computer science, anthropology and neuroscience. Subdomains of cognitive science are: cybernetics, neurolinguistics, neuropsychology, simulation of cognitive processes, computational linguistics, psycholinguistics, philosophy of psychology, philosophy of language, anthropological linguistics, cognitive anthropology, evolution of brain. 

Philosophy: Philosophy is in a unique position among the disciplines of cognitive science for two reasons: 1. the main questions of cognitive science were - historically taken - problems of philosophy, 2. philosophy doesn’t provide cognitive science with any specific empirical methodology unlike any other of the participating disciplines. However, it plays a prominent role in setting a priori constraints on the theories constructed in cognitive science both concerning their form (philosophy of science) and their content (philosophy of mind). Philosophy of science can help to tackle the complicated issues of settling the subject in the interdisciplinary cognitive science and problems of applying and combining different methodologies. Philosophy of mind tries to conceptually investigate the field of metaphysical possibilities concerning cognition: tries to give answers to questions such as what mental entities we can postulate, what is the relation between mind and body – cognition and the brain. In his way philosophy of mind helps cognitive science to frame different ontological approaches to the cognition. Finally, when listing the branches of philosophy participating in cognitive science we can not omit epistemology which is involved in the efforts of both philosophy of science and philosophy of mind.

Psychology: 
If philosophy embodies the conceptual base of cognitive science, psychology is the empirical fundament of the study of the “mind or soft side” of cognition (in comparison with the neuroscience studying the “brain or hard side” of cognition). Of course, not all branches of psychology are equally participating in cognitive scientific endeavors, the main overlap of interest between cognitive science and psychology lies in the field of cognitive psychology. Cognitive psychology is primarily interested in describing and explaining cognitive mechanisms underlying cognition. Cognitive psychology provided cognitive science with rich variety of elaborated models of different parts of cognition and with wide range of experimental methods for investigation of cognition.

Linguistics: While cognitive psychology is primarily interested in cognitive mechanisms, the focus of linguistics is the study of knowledge (in particular linguistic knowledge) and its representations. Study of linguistic representations is very important for cognitive science because of the unique and central role which language plays in our cognition.  
From historical point of view, the whole process of change of paradigm from behaviorism to cognitivism which enabled the later emergence of cognitive science started within linguistics with Noam Chomsky’s (1956) critique of behaviorist’s explanation of language.

Computer Science: Harnish (2002:2) claims that “computer science gives us most complete understanding of how a complicated (intelligent?) capacity can be realized in a physical system…”. The progress in computer science was another stimulating factor in establishing cognitive science. Both Classical symbolic and neural nets paradigm significantly influenced other participating disciplines in cognitive science. Classical symbolic paradigm inspired psychologists to attempts to look for algorithms which could explain cognitive capacities. The neural nets paradigm currently questions classical symbolic approach to modeling of cognitive processes and representations. We will elaborate the issues concerning the analogy between human cognition and computer in the third chapter on computational-representational theory of mind.

Anthropology: Anthropology, especially cognitive anthropology, studies how cultural differences can influence our cognition. 

Neuroscience: Neuroscience tries to reveal how the cognition is realized or implemented in our brain. Neuroscience in general builds on two different methodological approaches: neurochemical analysis and brain imaging. The special branch of neuroscience which seeks to find neural correlates of cognition and is of special relevance to cognitive science is called cognitive neuroscience. 


In this consideration of the broad construal of cognitive science we first analyzed the different proposals of the subject of cognitive science. We inferred that the subject of cognitive science is most appropriately defined in terms of cognition. Furthermore, we analyzed the different version of understanding the interdisciplinary character of cognitive science and identified the main assumption of a fruitful interdisciplinary scientific cooperation – focus of different disciplines on one subject. Finally we listed disciplines participating in cognitive science and characterized them in terms of what they can provide cognitive science with to accelerate the understanding of human cognition.

NARROW DEFINITION OF COGNITIVE SCIENCE
In the previous consideration we showed that broad conceptions of cognitive science have in common the specification of the subject, the emphasis on the interdisciplinary character of cognitive science and they leave out the third feature of definitions of cognitive science – the computational-representational character of cognition.  In other words, broad definitions of cognition leave the question about the nature of their subject of study – namely cognition – open. Narrow conceptions of cognitive science share with the broad understanding of cognitive science the first two features – the subject of cognitive science is cognition and cognitive science has interdisciplinary character. What differentiates the narrow construal from the broad one is the specification of the nature of its subject. In other words narrow definition differs from the broad one in the its emphasis on the third feature of definitions of cognitive science – the computational-representational character of cognition and the definition of cognition in computational-representational terms. In other words, narrow conceptions of cognition are created by adding specifications concerning the nature of the subject of cognition to the broad conceptions, particularly in representational terms. Here are a few examples of how cognitive science can be defined in the narrow sense:

Cognitive scientists aim to understand the processes and representations underlying intelligent action in the world. (Green, 1996:1)

According to Thagard (2001:25)
 „the main hypothesis of cognitive science is as follows: Thinking can best be understood in terms of representational structure in mind and in terms of computational procedures operating on these structures“.

Two of five of the Gardner’s (1985:6)  features characterizing cognitive science relevant to the narrow definition of cognitive science are: „1. ...the belief that, in talking about human cognitive activities, it si necessary to speak about mental representations...; 2. ...the faith that central to any understanding of the human mind is the electronic computer...“

The definitions above demonstrate the emphasis on the analogy between human mind (cognition) and a computer, representations and computations. But the following question arises: Why should we characterize cognition in terms of a computer, why should the specification of the nature of cognition be in computational-representational terms? The answer to this question lies in justification of the currently dominant theory in cognitive science called computational-representational theory of mind. The roots and assumptions of the computational-representational theory of mind will be analyzed in detail in the second chapter of our work. At this point we will only roughly introduce the basic reasons for the analogy between computer and our mind and provide the basic ideas of the computational-representational theory of mind.


We identified following four arguments for the claim that our cognition is analogous to computers
.

1. Mind-software/brain-hardware analogy. Cognitive models are similar to programs of computers, both are based on algorithms. Brain is similar to hardware in a computer, the neurochemical changes in neurons are analogous to flip-flop changes in hardware of a computer. 

2. Analogy between universal Turing machine and mind. Church-Turing thesis shows that being computable by universal Turing machine is weakly equivalent to being an effective procedure. Insofar as our cognitive capacities can be seen as effective procedures, universal Turing machines are weakly equivalent to our minds (Harnish, 2002:131). Being weakly equivalent means that both minds and universal Turing machines give by the same input the same output, but can achieve the output in different ways.

3. Analogy based on symbols. It seems that most of human cognition works with symbols as the basic units. Computers also have symbols as basic units which are manipulated. Because both cognition and computers use symbols, they are analogous to each other.

4. Analogy based on architecture similarities. The architecture of computers usually consists of input and output devices, memory and processor. Our mind/brain seems to have similar architectural features: input devices (senses), output devices (motion, language…), memory and processing unit. 

During the last thirty years the computational-representational approach based on the analogy between cognition and computer showed to be very fruitful paradigm for cognitive scientific research. There is currently no other analogy to cognition that would be equally justified or which would at least make a promise to overcome the computer analogy success.

Based on these arguments and many other assumptions computational-representational theory of mind has been formulated in following form (Harnish, 2002:188)
:

1. Cognitive states are computational relations to computational mental representations which have content.

2. Cognitive processes (changes in cognitive states) are computational operations on computational mental representations which have content.

The subject of cognitive science in the narrow sense:

We already established the broad conception of cognition as a simple list of the areas of the study covered by the term cognition. We also mentioned that the subject of the narrow understanding of cognitive science is also cognition but defined differently from the broad understanding. The difference is based on the fact that unlike broad construal the narrow one specifies the nature of cognition. Therefore the definition of cognition in the narrow sense would be as follows: Cognition is the study of attention, memory, learning, reasoning, problem solving, and aspects of motivation theory, action theory, perception and language processing and involves computational manipulation of mental representations. 

� Alfred P. Sloan Foundation is a large New York based private foundation which according to Gardner (1985:35) ” funds what it terms “Particular Programs”, in which it invests a sizable amount of money in an area over a few years time, in the hope of stimulating significant progress. In 1976 Sloan Foundation chose to support a Particular Program in the cognitive science. In 1978 a dozen leading scholars in the field of cognitive science drafted a report commissioned by the foundation called State of the Art Report. 


� Following arguments use terms mind and brain. In accordance with our definition of the subject of cognitive science – cognition, we developed our own interpretation of the use of the terms as follows: The term mind assigns ‘the mind side of cognition’, the term brain assigns ‘the brain side of cognition’. This conception goes together with the ontology we apply to the computational-representational theory of mind, namely physicalist  functionalism. We will deal with the specific ontological assumptions of this understanding of the mind-brain relationship in the part 2.3. concerning ontology of the broad and narrow conception. 





�Look up definition of cognitive psychology in Ashcraft


�Look up in Syntax class notes the definition of linguistics


�Look up original version of Tharad’s cog. sci


�Repalace with Forod’s definition of CRTT or Rey’s





