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Part 1

Computers are quickly becoming natural components in many educational settings. Some years ago, there was a tendency to believe that if we only could install enough computers in the school, many educational problems would be solved. However, students as well as teachers are to an increasing extent questioning the value of information technology in education. Even if computers are frequently used for word processing, information search, e-mail and chatting, the worry is whether these tools really improve how students learn.

The fundamental problem seems to be that we do not know enough about the interplay between learning and tools for learning. In particular, the potential of modern information and communication technology seems far from fully exploited in education. We clearly need more developed and more encompassing theories of learning that can help educators choosing the right kind of technical support and how it should be used in education. 

What would such theory of learning look like? There has been more than one hundred years of research on learning, memory, attention and problem solving in psychology and brain sciences. If this research is anything worth, it should be possible to derive an encompassing theory for how learning works. The seemingly obvious answer is that we should be able to construct the following three cornerstones:

1. A descriptive theory of the processes of learning.

2. A prescriptive theory of instruction derived from or anchored at the descriptive level.

3. A theory of instructional design with implementational recommendations for the use of ICT.

In the construction of these three parts of a unified theory of learning, one should also be able to benefit from the insights derived from the accumulated body of educational practice. These insights should serve as the empirical foundation for theories that could support their validity.

If this answer is so obvious, why do we not have these three components? For comparison, in physics and in medicine theoretical gains have led to immensely powerful practical applications. Why has psychology and the brain sciences not had the same effect on education?

An analogy with the development of medicine may be helpful here. Before modern medicine was developed there was a large body of folk medicine – practices to treat illnesses that were based on a mixture of traditional knowledge of the effects of various herbs and treatments with myths and superstition. These practices did not have any backing in the form of controlled experimental testing. They often resulted in conflicting recommendations and, in retrospect, many of them were directly harmful. Gradually, this epistemologically chaotic state has been replaced by modern medicine that is based on an increased knowledge about the functioning of various bodily systems together with strictly controlled experimentation before new drugs are introduced. We are now reaching the state where new drugs can be chemically designed rather than found by laborious trial-and-error testing on laboratory animals. 

The analogy we want to hold out is that our knowledge of how education should be practiced is still on the level of folk medicine. Most instructional practices are motivated by a combination of folk psychology and a reference to tradition which leads to inconsistencies and potentially harmful recommendations.

The reason why folk psychology still functions as a foundation is that the sciences of learning are not as mature as could be hoped. What one finds is not one unified theory of learning, but a multitude of theories on different levels of explanation – from learning in neurons to learning in groups of individuals. The theories are often fragmented and far from complete and they cover scattered application areas. In most cases it is difficult to see how the theories can be made to work together for more general explanations and recommendations. As a matter of fact, different theories sometimes result in conflicting recommendations. There are a lot of conflicts among the researchers in the fields of learning, and they seem to have widely diverging visions of what learning really is. 

If now the sciences of learning and instruction are in a state analogous to the pioneering Wild West, it would be premature to attempt a unification of existing theories. To be sure, there have been attempts at such unification. For example, Skinner presented a theory of instruction based on the behaviorist theory of learning. However, later developments have found the behaviorist attempts rather limited. 

Furthermore, regardless of the validity of the theories, it could be questioned whether all aspects of the descriptive enterprise are actually relevant for theories of instruction and implementation. For example, what are the potential benefits to be gained by understanding the mechanisms of neural encoding of memory from an instructional perspective? If we aim for instructional design, do we really need to be informed of all levels?

On the other hand, who is to identify one level of description as the most fruitful and promising? For the time being, we must accept that there is no limited set of universal laws covering all aspects of learning. Therefore, we must still accept a plurality of theoretical positions in the educational sciences. It could even be the case that learning is not one unified phenomenon but must be described in terms of many mechanisms operating on a multitude of levels. After all, what is common in the learning of pottery, navigation, grammar, mathematics, etc?

It is also important to note the fundamental tension between the descriptive and prescriptive aspects of learning as regards their aims. The main aim of a descriptive theory is to explain various aspects of learning processes. On the other hand, the prescriptive aims essentially involve developing an optimal theory of instruction in relation to a set of educational goals.  In the attempts to develop a descriptive theory, i.e. an explanatory theory of how learning occurs, the learning process is observed and manipulated but not guided.  The problem when trying to utilize existing models from a descriptive level in education is that it is not at all certain that they convey the most efficient approach. In other words, they try to capture how we learn things, not necessarily how we best learn things. 

Another difference between descriptive and prescriptive theories is that they are based on different methodologies. In Chapter X, Daniel Schwartz describes the difference in methodology as follows: In cognitive psychology and other descriptive theories, one tries to isolate variables that are relevant for learning in order to experimentally investigate their effects. In contrast, in a real life instructional setting, all variables are active at the same time and cannot be treated in isolation, so a holistic solution to the educational framework must be sought.

Even if the relationship between descriptive and prescriptive theories is somewhat problematic, many descriptive models of learning can be useful when dealing with educational issues. As we shall se in the next section, many more or less successful attempts have been made to ground new educational initiatives in existing theories from psychology and cognitive science.

The third cornerstone of a theory of instruction is the role of ICT tools. Since they have only recently been introduced in educational practices, one cannot hope that these practices will tell us what the optimal use of ICT in education is. The space of possibilities is not sufficiently explored. Ideally, we should be able to derive what is the best use of these tools from the available theories. However, the fragmentation of the theoretical field makes it very difficult to formulate any generally applicable recommendations at the level of implementation. 

The upshot is that we cannot hope to find a unifying theory of learning from which one can derive a generally applicable theory of instruction. In spite of the fragmented nature of the sciences of learning, we believe that nevertheless there is much to gain from the different theories that have been formulated and the experience that has been collected in different educational settings. The strategy should therefore not be to search for Utopia, but to be more eclectic: take what is available today and use it as a basis for recommendation on instructional practices, in particular practices involving ICT. In the following, apart from providing a brief historical description of a few of the major theories of learning and education, we will outline some consequences of these and other theories that we find important for the design of educational practices. In this, we will also show where in the theoretical landscape the chapters of this book can be placed.

Part 2

Behaviorism

Even if few copies would be sold if a new educational software were promoted as being developed in strict accordance with the principles of behaviorism, it is nevertheless true that much of what is being produced today is still guided by the basic tenets of Skinner (ref ref). 

From having been the dominating theoretical approach in regular psychology as well as educational psychology and instructional design, behaviorism is now often treated primarily as a contrasting case, something that it is important to not be associated with (ref). Behaviorism is portrayed as representing learning without understanding, teacher-centered lectures with scant opportunities for curiosity and individuality, passive students, reductionistic, conforming, i.e. everything we want to avoid in the modern school. Interestingly enough, much of Skinners ideas on education were aimed at resolving just these issues (ref). 

In a simplified summary of Skinners position, the phenomenon of learning is explained by a limited set of basic conditioning mechanisms. Positive reinforcement and negative reinforcement (i.e. avoidance of expected negative outcome) increases the probability that a response will be repeated in the future, while non-reinforcement and punishment decreases the likelihood of future occurrences of a response. The learning effect is further regulated by the reinforcement schedule, i.e. at what ratio or interval a response is reinforced, and by the timing of the reinforcement, i.e. at what time the reinforcement is delivered in relation to the response.

Having constructed what aspired to be a universal theory of learning, covering all species as well as all instances of learning, the obvious next step was to apply these ideas to human society in general and education in particular. (ref, Walden Two (Skinner 1948), 1954, 1968 etc)

The traditional educational method with a teacher up-front holding a lecture and passive students listening and trying to absorb did not fit well with behavioristic ideas of learning. In his highly influential paper “The science of learning and the art of teaching” (Skinner 1954), Skinner argues for a more individualistic approach, in which the student should be the active part. Given his concept of learning, this is not very surprising.  It is only by strengthening responses that learning can occur, and in a passive learning situation there is no behavior to reinforce
.  He also emphasizes the importance of immediate reinforcement. There is no point in taking an exam and then having to wait two or three weeks for the result; the reinforcement needs to be delivered immediately or the learning effect will be diminished dramatically.  According to Skinner, instruction and learning should also proceed in an incremental fashion, with small and manageable steps towards a preset and well-defined learning goal, i.e. a method similar to shaping of behavior in animal training. These three steps, (1) an active learner; (2) immediate reinforcement; and (3) successive approximations towards a well-defined learning goal, form the core of what is known as programmed instruction. 

In order to suitably direct and govern the individual students’ learning trajectory, each learning task must be examined and its components described in detail. This means that for each learning task, a detailed, step-by-step instructional sequence should be produced, as well as a description of the corresponding sequence of desired behaviors. For this to be of any value, there must of course also be a reliable procedure to measure and compare the students’ learning behavior with the original plan. This focus on task analyses and behavioral objectives came to be one of the most influential aspects of the behaviorists’ educational project (Bloom, Gagné, etc). 

In his critique of traditional educational methods, Skinner also points out that a single teacher cannot individually and appropriately reinforce an entire class of students. In his 1954 article, Skinner introduces the notion of a teaching machine to solve this problem. A machine could implement the instructional method of programmed instruction: present information or instruction, measure every response and reinforce appropriately, branch to the next level of difficulty depending on the individual’s performance, etc. This would not only increase the efficiency of schooling, it would solve a number of additional problems. It would give the teacher more time for emotional, artistic and intellectual issues, to help those students that really need it, etc. It would also make it possible to individually tailor instruction, and let each student work at her own level and pace. The machine would never get bored or impatient, no matter how many times the student failed.

Skinner held great hopes for the use of technology in education: ”There is no reason why the schoolroom should be any less mechanized than, for example, the kitchen” (Skinner 1968, p 27).  A number of different machines and accompanying instructional programs were built, increasingly more technically advanced (Cuban, Skinner 1968, ref). But after a few years of initial interest, the use of teaching machines in education started to decline. One reason for this was that even though the machine never got bored, the students often did. The step-by-step, incremental nature of the material became tedious and repetitive. This was before the advent of cheap personal computers, and the interface of levers, knobs and slides did not make the task more appealing. The downfall of behaviorism as the dominant paradigm in psychology also lead to a decreased interest in their recommendations for education. 

Many of the first computer programs that reached the classrooms were of the drill and practice type, and this general approach is still quite common in certain domains such as foreign language vocabulary, geography, mathematics, etc. One example is Jurassic Spelling (ref), which is a spelling practice program that provides a verbal reward every time a word is correctly spelled, and after gaining a certain number of points the student is rewarded with a picture and information about a dinosaur. Present days’ tutorials, often accompanying software such as Word or PowerPoint, are also examples of reinforced step-by-step learning, with progress to the next “level” only when initial stages has been mastered completely.

Additional criticism that can be leveled against behaviorism is of course its shortcomings as a general theory of psychology. By rejecting the use of internal mechanisms in its theoretical constructions, many aspects of human behavior were left unexplained. One of the important and much debated topics was language learning, in which the reinforcement model did not seem to be a satisfactory answer (Chomsky, Skinner). When it comes to education, programmed instruction and teaching machines focus solely on the individual learner. There is no room for collaborative efforts; it is only the individual’s own progress that is taken into consideration.  The use of excessive reinforcement is also somewhat problematic, as external reinforcement has a tendency to decrease intrinsic motivation (ref).

Cognitivism

While behaviorism treated the mind as a black box not to be examined or included in their explanatory scheme of stimuli and response relations, the mechanisms of the mind is at center stage in the cognitivist tradition. The mind (and brain) is seen as an information processing device, with the computer as the basic metaphor. The information being processed is represented by symbols, and it is these symbols that are the carriers of the cognition taking place between perceptual stimuli and motor responses. Following the computer metaphor, cognition is executed by serially manipulating symbols in working memory in accordance with rules stored in long term memory, thus mimicking the central processing unit of a computer.

In the early days of cognitive science, much effort was devoted to memory research, both with respect to content, structure and capacity, and much of that research came to influence theories of instruction as well. For example, the limited capacity of the working memory gave rise to a concern for cognitive load in learning situations, and it was discovered that learning was improved if the learning material was presented in a form that did not tax working memory (ref ref). This was accomplished by automating secondary tasks, not introducing too many variables at the same time (ref), not using conflicting or non-coherent modes of representation concurrently (ref), etc.

Expert studies were another field that received a lot of attention, especially with regard to problem-solving and learning or memory tasks. The underlying assumption was that expert performance could serve as an approximation of ‘ideal’ or optimal functionality, and thus serve as a model for instructional theory. One conclusion that could be drawn from this research was that experts were superior to the novice in recalling new material related to their field of expertise. This was explained being due to their both vast and well-organized prior knowledge about the field in question, which gave them lot of opportunities to ‘connect’ the new material to previously stored material. The implication for instructional theory was of course that if you know a lot about a subject it is easier to learn more, but also that you needed to assess the amount of the students’ prior knowledge before you introduce new material (ref). 

Even if he has received more attention in USA than in Europe, one of the most influential contributors to instructional theory is Robert M. Gagné. He has been described as an eclectic behaviorist (ref), and though he undoubtedly started out as a behaviorist, his gradual incorporation of cognitivism can be traced in each new edition of his major book, Conditions of Learning (1965, xxx, 1985). In his work, he developed a general theory of instruction, and the components that have been most influential and well known is his taxonomy of learning outcomes and conditions of learning. Based on the information processing view of human cognition and learning, Gagné also defines nine events of instruction, each associated with a corresponding cognitive mechanism. Even if he allows for exceptions, Gagné believes that most lectures or instructional situations should follow this form. Starting with gaining the students attention and informing the student of the objectives of the lesson to create an appropriate expectancy; next asking the student of previously learned material related to the subject in order to activate the appropriate schema; presenting the content with distinctive encoding and retrieval cues; providing a meaningful and coherent organization of the material to enhance semantic encoding; inducing the student to respond to the presented material and provide feedback and reinforcement; and finally giving opportunities to rehearse and practice the new material. Without recapitulating the entire list in detail, for our purposes it is interesting to note that he has constructed a domain general and theory driven tool for how an instructional event best should be conducted. 

Going back to the study of experts and problem solving, another important strand of this research was so called expert systems. Within computer science and classical AI, much effort was devoted to modeling the structure of how one believed that an expert functioned. The general idea was to construct systems with a large domain-specific knowledge base together with an appropriate set of rules for how this ‘knowledge’ should be applied and accessed.  The expert systems can be seen as the equivalent of the behaviorists’ programmed instruction and teaching machines, as it is a fairly direct implementation of the basic ideas inherent in the theory.

Apart from being an empirical test of the feasibility of the architectural assumptions with regards to problem solving and expert performance, the function of these systems was often to provide job assistance or decision support in specific domains. The most cited example of this approach is the MYCIN program, which is a knowledge-based system that provides expert advice on the diagnoses and treatment of certain kinds of infections. Closely aligned to the expert systems approach was that of ICAI, intelligent computer-assisted instruction, which extended the approach of expert systems to include intelligent learning environments and tutoring systems. In the case of MYCIN, additional modules allowing simulation, teaching, tutoring and student monitoring were built around the core in an attempt to convert the original expert system into an educational software (Clancey 1987). This new program, called GUIDON, uses a simulation method in which the student is presented with a medical case and then acts as a diagnostician. The program can interrupt the student and ask for motivations if suboptimal decisions are detected, and the student can likewise ask GUIDON for clarifications or elaboration. For educational purposes, the aim of this approach was thus to build a model of expert performance, and then transfer both the knowledge and cognitive strategies used by the expert to the student.

However, the attempts to ground computer simulations of intelligence in the symbolic processing model of cognition was in general not very successful (ref), and for example Clancey came to abandon the approach altogether (see chapter X and below). Others have tried to more directly implement the instructional implications stemming from information processing theory or Gagné’s theory of instruction. One example is GUIDE (Guidance for Understanding Instructional Design Expertise), which is a software designed both to introduce Gagné’s nine instructional events to teachers but it also functions as an authoring tool for teachers to develop computer-based instructions in this tradition. Gagné’s nine events are also often used as a template or heuristic when designing educational media (ref from web). 

Lydia Plowman (chapter X) emphasizes the importance of a narrative structure for cognition and understanding in educational settings. One of the main functions of the teacher is to provide a coherent structure in the learning material, despite its sometimes fragmented nature and despite moving between different modes of presentation and learning activities. This is being achieved by continuously interacting with the students; monitoring their level of understanding, asking and answering questions, steering discussions in useful directions, etc. But much of this teacher-student interaction is lost when students work with educational multimedia. Plowman examines to what extent and under what circumstances interactive educational multimedia can provide a narrative structure; trying to find a balance between freedom and linearity for the students’ interaction with the material. Lydia Plowman is not a traditional cognitivist, but her emphasis on understanding and meaning puts her in line with the original ambitions of the cognitive movement, namely to reintroduce the creation of meaning as an essential part of the learning process (Gardner (cognitive revolution?), Bruner).

In chapter X by Schwartz, Martin and Nasir, the authors points out one particularly problematic aspect of using cognitive psychology as the foundation for a prescriptive theory of learning. In cognitive psychology, the general methodological strategy has been to identify distinct cognitive mechanisms by trying to separate and study each mechanism in isolation from the rest of the system. This has lead to an increased understanding of the capacity of each sub-system, such as the short-term or working memory. But this does not give much guidance when trying to model how we learn more complex ideas or abilities, i.e. situations when multiple cognitive mechanisms work in concert. Schwartz et al advocates an alternative approach; to examine how people integrate processes and resources to support learning. They use their ICT learning platform called Evolutionary Design is put forward as an example of this strategy. The main idea is to expose the knowledge of the student for a process of “natural selection”, in which the ideas can mutate, grow and adapt by “surviving” in different contrasting environments.

The ‘cognitive revolution’ began as a reaction to behaviorism and its neglect of the internal mechanisms of the mind, but during the last fifteen years the pendulum have swung back again. In the attempt to explain all aspect of human psychology in terms of information processing, too much focus came to lie on the workings of the individual mind. Social interaction and the use of artifacts were to a large extent ignored. The human mind (or brain) came to be studied almost as if isolated from the external world. In a sense, the information processing paradigm reversed the problems of behaviorism, and instead omitted the social and physical context from their explanatory scheme. As a reaction to classical cognitivism, a number of different views emerged and gained influence, all with the common notion of cognition as being essentially situated. 

Sociocultural and situated cognition

The most important feature of the sociocultural tradition is the focus on interaction between individuals. It is argued that individual development cannot be understood independently of the social context in which the person is placed and brought up. This holds for all aspects of learning as well as for the development of cognitive abilities such as reasoning and problem solving. Vygotsky, the originator of this approach, states in an often-quoted passage that “any higher mental function necessarily goes through an external stage in its development because it is initially a social function” (1981, p162). This means that cognition and cognitive development is in fact constituted by the internalization of the social processes and communicative acts we share with other individuals. On this view, communication and language is of course of primary importance. Another central notion is the idea of tools as mediators of thought, with a very wide definition of tools including ordinary physical tools as well as signs, symbol systems, arguments and theories. Because of the focus of the sociocultural tradition on interaction and social context, qualitative and ethnographic methods are often preferred. This puts them in contrast to previous theories, not only in terminology but in their methodological approach as well. 

In learning and education, the most well known contribution of Vygotsky is probably the Zone of Proximal Development (ZPD). The idea is basically that in collaboration with other students and the teacher, the student can reach further in understanding and problem solving than could be done on her own. The teacher functions as a form of scaffolding, supporting the students to solve tasks that are above their current level of understanding, and thus guiding the students through their individual ZPD. The motivation for this procedure is that working on and solving problems slightly ahead of their present capabilities increases the pace of the student’s development (Wells 1999). The concept of scaffolding, i.e. to build and use external structures in cognition, is a notion that is favored by most researchers adhering to sociocultural or situated theories.

A related tradition is the one we here call situated cognition. It is also known as external cognition (Clark, ref), distributed cognition (Hutchins 1995), situated action (the critics of Vera & Simon 1993, ref), situated learning (Lave 1991), etc. Within this set of more or less similar approaches, two different strands can be discerned. One is the anthropological, represented by researchers such as Lave and Suchman (ref, ref), that focuses on cultural construction of meaning and learning by apprenticeship. This group is similar in spirit to the sociocultural tradition, and has a considerable overlap in terms of theory construction and methodology. The other strand can be seen as a reaction to cognitivism coming from within cognitive science, with such names as Clark, Clancey, Norman, Hutchins, and Kirsh (ref). What unites this group of researchers is the belief that the process of cognition cannot be captured solely by a focus on the mechanisms of the mind and brain, by the internal computation on mental representations. What is missing in this picture is the agent’s interaction with the external world. Cognition is embedded in action, in the manipulation of objects, in the interaction with others, i.e. we think as much in the world as in the head. One source of inspiration for this group is the work on autonomous robots, which started as a reaction to classical AI and their failures to produce intelligent behavior in knowledge based systems (Clancey ref).

To many practitioners in the field, sociocultural studies and situated cognition are two entirely separate enterprises, not to be lumped together under the same heading. But we have chosen to do so for two reasons. First of all, they share the same unit of analyses. Both when it comes to learning and psychology in general, it is the agent and the context that is in focus. Secondly, they share, if not a common epistemology, at least a conviction that the traditional “conduit” metaphor is not the right one. 

This touches upon a fundamental divergence in the theories of learning; namely what is regarded as the object of learning. One can distinguish between two main traditions, one that focuses on the contents of what is learned and one that focuses on the practices involved. Within classical cognitivism the contents of what is learnt is transferred to the learner. This view is tightly connected to the conduit metaphor of learning. But also in constructivist theories of learning (se below), what is learnt is seen as a construction - an object that is built up by the learner. Both these traditions thus focus on the contents of what is learnt. Within sociocultural and situated cognition the focus is on what the learners do - their activities, the (social) practices they result in etc. Lave (ref) for example, describes learning as “participation in practice”, and would rather not include the notion of “knowledge” in her analyses at all. Behaviorism falls somewhat outside this classification - what is learnt, a disposition to behave, can either be seen as a behavioral pattern (a form of practice) or as a conditioning that has been transferred to the learner.

Before the invention of a public school system, most formal knowledge was transmitted through apprenticeships. Cognitive apprenticeship can be seen as a continuation of this tradition, but in the domain of cognition; the student is initiated in an authentic practice of  experts, learning the craftsmanship of experts (ref). The teacher acts as a coach or guide rather than instructor, making the previously mentioned zone of proximal development a useful concept for this approach. If one considers the essence of learning to be ‘participation in practice’ (Lave), using apprenticeship as a template for education comes ready to hand.

In chapter X, Resnick, Lesgold and Hall take the idea of apprenticeship one step further.  They propose a hierarchical educational system in which the teacher acts as a facilitator or guide in the classroom. However, they put the teacher in the role of the apprentice in a group consisting of other teachers, with the principal or a team leader as facilitator. The principals of a district form yet another study group with a district leader as guide, and so on. The primary aim of this layered organizational set-up is to promote continuous learning for all participants in the educational system. But it also provides an ideal environment for spreading new theoretical insights about teaching and learning, which is a problem facing everyone that attempts to introduce new ideas in school. Resnick, Lesgold and Hall have also developed new software designed to further teachers’ understanding of learning processes; to give them a common framework and vocabulary to analyze and evaluate their teaching practice. Even if the principles of learning being advocated in this program are taken from many fields in cognitive and instructional science, it is still firmly rooted in the sociocultural tradition; both with respect to content and the method of delivering the message. 

William Clancey (chapter X), who has published many books and articles on both situated cognition in general (ref) and its implications for education (ref), takes as a starting point the heated debate concerning the nature of visual representation and the possibilities of mimicking these processes in a computer simulation. On one side, one finds Vera and Simon (1993), defending the Language of Thought hypothesis of cognitivism and classical AI; on the other himself, advocating his notion of visual categorization as a non-symbolic embodied activity, in which perception is coupled to behavior sequences, emotional changes etc. In the end, he concedes that the only way to solve this issue, i.e. whether all stages of perception and categorization can be reduced to symbolic descriptions, is to examine what people actually do when they visually examine, struggle with, and ultimately come to understand a given problem. To illustrate this approach, he sets out to analyze a log of two students trying to solve a math problem. In this arduous endeavor, he convincingly shows that the symbolic model cannot account for all the intricacies of human perceptual understanding, but also that we are far from having a complete theory of how this understanding is accomplished. With this conclusion, he also rules out the construction of a tutoring-like computer program that in any real sense understands what the student is doing or thinking, as we do not really know how to model the cognitive processes of the student in the first place. 

The chapter by David Kirsh, who also has a longstanding interest in the relationship between internal and external processes (ref), explores the meta-levels of learning, i.e. how can we teach students to learn. His primary concern is how to use external cognition as a tool in metacognition, to teach students how to structure their own learning environments and to use and create external representations to enhance performance. For some reason, metacognition has not been scrutinized and re-interpreted from a situated perspective in the same manner as most other aspects of cognition has been. Most often, it is still regarded as an exclusively internal process – thoughts about thoughts. Kirsh argues that metacognition is just as interactive as other forms of cognition, that it is part of a continuum where no sharp boundaries can be drawn between metacognition and planning, problemsolving, etc. Once metacognition has been reconceptualized and incorporated in the situated and distributed perspective, our ideas of what counts as good visual design in learning environments will be altered as well. 

In a similar vein, Mike Scaife argues that external cognition is an ideal research paradigm for the new field of educational technology, as the relationship between internal and external representations, the integration of multiple and multimodal representations, and the capacity for novel forms of external representations are all important questions that can be approached within the situational framework. In his emirpical work, the primary focus lies on how to use virtual worlds and avatars to improve children’s capacity to change perspectives and understand other people’s points of view. The strategy implemented in the software is to give the students the opportunity to actively explore multiple representations of a concept at different levels of abstraction.

Like Clancey in Chapter X, Ivarsson and Säljö also presents a non-standard theory of visual perception, and explores what consequences it may have on a our understanding of conceptual development and learning. From a Vygotskyan perspective, the use of artifacts and tools is an integrated aspect of our cognitive abilities – we think with our things. This holds not only for concrete physical objects but for symbolic artifacts as well, such as words, numbers, charts, diagrams, maps, etc. A natural continuation of this idea is that our tools and practices not only affects how we think and act but also how we perceive the world surrounding us. Ivarsson and Säljö uses Wartofsky’s theory of historic epistemology as a starting point in their analyses; a theory according to which our perceptual representations are determined by previously encountered and internalized “theories” of what it is we see. There is no such thing as visual realism, i.e. how things really look, but our perceptions are always filtered and fostered by our interpretations of the world. In their work, Ivarsson and Säljö studies to what extent and in what form children understands the theory of gravity in relation to the spherical shape of the earth. This is done by analyzing how children interact with novel forms of dynamic representations in a computer supported learning environment, and how they develop and negotiate the meaning of these representations by “scientific” reasoning centered around fragmented and often incompatible theories of how the world works.

One issue that have been subject to much discussion is whether the sociocultural and situated perspective can account for the concept of learning transfer, i.e. the ability to apply previously acquired knowledge in novel situations (Sfard 1998, ref, ref). The problem stems from the definition of learning as being the ability to “participate in practice”, which can be read as being a very context specific capacity. If knowledge is not an object you obtain and use at will, it is a bit unclear what it is you carry with you when you enter into a new discourse or practice. If this is definitional nitpicking or a fundamental flaw in the theory is yet to be decided. Another concern raised is if the apprenticeship model really is the most efficient form of learning, and if all subjects could be learnt in this fashion (ref). It seems that for some areas, like, physics, mathematics, or medicine, “brute force” studying or at least a long preparatory phase before entering apprenticeship is an essential part of mastering the discipline. On the other hand, it could be argued that these objections only arise because of a stereotypical picture of what apprenticeship could be, based on traditional apprenticeship situation such as trade or craftsmanship, and that any elements necessary could be incorporated without loosing the apprentice-like nature of learning.

Constructivism

Constructivism is an amalgam of many different theories and traditions. First and foremost comes the influence from Piaget, whose epigenetic epistemology, schema theory and views on development are at the core of most forms of constructivism. The sociocultural tradition, originating with Vygotsky, is another major factor in its emphasis on the cultural and social aspects of learning. Additional influences are the ecological psychology of Gibson (ref), the philosophy of von Glasersfeld (ref), and the work of Jerome Bruner (ref). It is also important to note that there is no single constructivist theory; there are a number of people calling themselves constructivists with more or less overlapping theoretical perspectives.

Constructivism differs in many ways from the previously mentioned theories. First of all, it is not and does not aspire to be a general theory of psychology, as is arguable the case with behaviorism and cognitivism. Constructivism as such has never been a major force in mainstream psychology, even though it is currently the dominating paradigm in education. Learning and instruction is the main focus of the theory, and prescriptive elements and implications for education form a natural part of the tradition.

The one idea that brings all strands together is that knowledge is not received, it is constructed. Through exploration and discovery, through their actions in the world, people create their own understanding. This notion has far-reaching implications for many aspects of instruction and education. Comparing with behaviorism and cognitivism, it results in quite different learning goals, conditions of learning and implications for the construction of educational technology.

The general learning goals of constructivism is for the learner to develop problem solving and reasoning skills, critical thinking, self-regulated learning, i.e. the ability to engage in independent thought. It is of course not impossible for a teacher with behavioristic or cognitivistic inclinations to set up and strive for overall goals like these, but the road to get there would probably differ markedly.

Driscoll (2000) have identified five conditions of learning in the constructivist tradition related to the general learning goals presented above. 

1. Embed learning in complex, realistic, and relevant environments. 

The world is complex, therefore the students should engage in complex and realistic learning tasks. This includes both possible tools and principles to use as well as the learning environment itself. Spiro (xxx) further recommends the use of so called “ill-structured domains”, which is a problem scenario that does not have a correct solution, or at least not a solution that can be proven to be the right one.

2. Provide for social negotiation as an integral part of learning.

Collaboration is important in itself, e.g. to learn to function and solve problems in a social group, to understand other peoples perspectives, to defend your own views.  Furthermore, as constructivism adheres to the sociocultural perspective in viewing communication and social exchange as a prerequisite for the development of higher mental functions, social interaction is a vital component in all educational settings.

3. Support multiple perspectives and the use of multiple modes of representations.

When facing a problem, the student should not rely on just one model, principle or metaphor. It is by viewing a problem from many different and sometime incompatible perspectives, by constructing and comparing different interpretations and alternative models, that the student can come to fully understand and endorse the solution.

4. Encourage ownership in learning.

It is important that the student actively participates in the construction of the learning task. By being responsible for ones own learning goals, and also for the realization of theses goals, a higher sense of involvement is achieved. 

5. Nurture self-awareness of the knowledge construction process

The student should be aware both of how to best learn something, i.e. how their own cognition and learning processes works, and how much knowledge he or she has in the domain under study. In constructivism, metacognitive awareness also entails a sensitivity to the fact that your own point of view is as constructed as everybody else’s, and therefore it needs to be examined and compared to other perspectives.

Many recent educational initiatives, both with and without the support of ICT, work in agreement with these principles. One influential trend that fits neatly with all the conditions of learning stated above is Problem Based Learning (PBL). In this approach, the students are supposed to address a real and relevant problem of their own choosing, work in groups, make a decision regarding how much background material that needs to be reviewed, present and account for multiple perspectives and solutions to the problem under study, and finally construct and argue for their own solution. 

Marcia Linn, a well-known proponent of constructivism, explores the notion of controversy in chapter X. The focus on controversy is primarily used as means to teach the essence of science – construction of arguments, interpretation of data, the ongoing debate between opposing opinions, etc. Using the WISE learning environment, the students are introduced to a contemporary controversy in science, such as how to fight malaria, and this way the students get a good picture of how science is conducted. But controversy as such is also an approach that fits well with the constructivist assumptions in that it encourages the student to form an opinion of her own, to take side in an ongoing scientific controversy and evaluate the strengths and weaknesses of a position. 

Computer Supported Collaborative Learning (CSCL) is an umbrella term for various approaches that explore new ways of interaction in the realm of computer mediated communication (ref ref). They are not meant to replace face-to-face communication, but to facilitate collaboration by enabling common access to documents, chat-boards, mind-maps, etc. Many of these state constructivism as their theoretical foundation (ref), and emphasize the importance of social interaction for cognitive growth.

Another new field aligned to the constructivist agenda is computer simulations in education, which is often used to give students a sense of the complexity of interconnected dynamical systems, as well as an opportunity to find out for themselves which causal links and connections that govern the systems under study. Ton de Jong et al (chapter x) is a good illustration of this approach, set in the context of the properties of optics. They start with the notion of Discovery Learning, a process in which the learner uses inductive reasoning to generate hypotheses that can be tested and evaluated by evidence. The discovery learning is carried out in a computer simulation environment, and the students can there match their predictions against different representations of the simulated optical process. Both Marcia Linn and de Jong et al fulfill the central constructivist dictum, as the students are responsible for the construction of their own knowledge and understanding.

An epistemological problem inherent in constructivism is how we know that the construction are useful: What is it really that students construct? It is of no value to construct knowledge that is not correct or is too limited to be of any use. A general problem for constructivist versions of learning is how deep theoretical knowledge can be achieved. For example, there are certain versions of PBL where the students are supposed to formulate the problems to work on their own. However, if the students do not know anything about the theoretical background for the area of their studies, it is futile to expect that they will, on their own, discover the variables that are most relevant for the problems they are trying to solve. One cannot hope that every student, or group of students, will rediscover the achievements of hundreds of years of science. 

In traditional education the theoretical background to a study area is presented by a teacher or in a textbook. The question for an orthodox constructivist is how this can be achieved by a student or a group of students.

Maybe a mixture of constructivism and more traditional methods will yield better learning results. An interesting example of such a mixed strategy has been employed by Schwartz (ref) in a study of how high school students best learn statistical concepts. When confronting the notion of statistical variance, Schwartz first gave the students a series of examples of sets of numbers with the same mean, but with different variance. The students were given the assignment of trying to formulate, in mathematical terms, what characterizes the variance of the sets. After struggling with this task, they were then given a lecture where the formula for the variance of a set was introduced. Their understanding of the concept was then tested with the aid of new, more difficult, test cases. It turned out that the students who had first been given the opportunity to formulate the formula for variance on the basis of the first examples performed much better than control groups of students who had only been given a theoretical introduction to the concept and students who had only worked with the examples, but not been given the theoretical lecture. 

Conclusion

Our presentation of descriptive and prescriptive theories has, admittedly, been eclectic and summaric. However, as we argued in the first part of the chapter, there is so far no unifying theory of learning that we could use as a foundation. As a consequence, we need to find inspiration from all kinds of theories and successful implementations.

 
At this stage of theoretical development, the most reasonable thing to do is to build a large corpus of both teaching implementations and theories of learning processes. Hopefully, this will some day lead to that somebody will be able to formulate a theory that will unify the area. 

The present lack of a unifying theory also explains the diversity of this book. As an analogy of its aims, we can compare it to research in Artificial Intelligence. In AI, the only real way to know if an idea works is to build a computer or robot that implements the idea and then let the world judge. Similarly, the only way to judge ideas about learning is to test them on individuals that learn. From a meta-perspective, one can say that we are recommending to apply Dewey's principle of learning by doing also to learning itself so that we learn how to learn by doing learning.

� In a way, this can be seen as Skinner’s own interpretation of Dewey’s slogan, “Learning by doing”.
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