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Abstract: This paper will examine the concept of learning as a disruptive activity, it will be particularly of interest to e-learning practitioners and developers who have an interest in the nature of the learning experience. It will put forward a range of theories concerning the nature of learning, information and knowledge, the nature of psychological change – and Brooks’ Fundamental Equation model which attempts to quantify this change, and the place of boundary or ‘threshold’ events in knowledge structure change. This micro element of change will be mapped to wider theories of how paradigms change as put forward by Thomas Kuhn, and the theory of anarchic development as proposed by Paul Feyerabend. The paper concludes by putting forward methodologies which may point the way to the implementation of these theories in the pedagogic development of e-learning.
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1. The Nature of Learning

Learning can be seen as the accumulation of information over time, this cumulative effect eventually leading to a state of ‘knowledge’ in which the learner is perceived to have ‘learned’ a body of information around a specific subject area. This model of learning existed until the mid 20th Century when new models of learning began to come forward (see Caine and Caine, 1994 for an overview). These models put forward the idea that rather than learning being the accumulation of ‘facts’, it was a process whereby the connections between pieces of information or data would enable the learner to grasp the underlying principles ‘behind’ the facts, and to construct a picture of the world individual to that learner. Papert (1996) suggests that “the deliberate part of learning consists of making connections between mental entities that already exist”. The acceptance of this model as being a closer fit to the learning process, along with research suggesting that physiological changes in the brain were triggered by the learning activity (Bransford, 1999) have led to a range of methodologies which attempt to present learning as a ‘structuring’ process, rather than a purely accumulative one. Bransford’s work strongly suggests that “Learning changes the physical structure of the brain, organizes and re-organizes the brain” (ibid.) [my italics]. He goes on to describe the two main methods of synaptic development in the physical brain – these are “that synapses are overproduced, and then selectively lost, and that [new] synapses are added”, and further states that “synapse addition is actually driven by experience”. This provides us with a biological model of knowledge re-structuring which illustrates another aspect of Brookes’ Fundamental Equation (see next section). 

1.1  Information and Knowledge

Information or data or facts can be seen as the individual ‘atoms’ which can be used to construct a model of knowledge. This atomistic model of knowledge, as described by Svensson (1976) saw learning as oriented towards a ‘facts conclusion’ whereby the learning experience consisted of “the delimiting and ordering of parts” as its outcome. This also links with the model of ‘rote’ learning whereby the learner is assessed on those atoms of information that can be recalled. Svensson (2005) further describes an ‘holistic’ model of learning which oriented the learner to an “arguments conclusion” where the concentration was on an “integration of the parts by some organising principle”. In this model of knowledge creation the “specific fact is often of no consequence” (Svensson, 2005). This is because the individual fact contributes to an overall change in the ‘knowledge structure’ of the individual as proposed by Brooks. Brookes (1970) defined information as “that which affects the world view or knowledge of the person receiving it”. His 'fundamental equation’ (below) states:

K[S] + ΔI = K[S + ΔS]
that the knowledge structure K[S] is changed to the new modified structure K[S+ΔS] by the information ΔI, the ΔS indicating the effect of the modification. (Brookes, 1980)

In this example (taken from the discipline of information science) we can see that it is the interaction between the ‘new’ information and the existing understanding and beliefs of the learner (the knowledge structure) that leads to the development of new knowledge. The element ‘ΔS’ is particularly important as it represents the extent of the knowledge change in the individual. We shall note later in the paper that this change in knowledge may be proportional to the “troublesomeness or difficulty” of the information.
1.2 Psychological Change

The underlying process of learning is concerned with the connections that are made psychologically by the learner between the individual ‘nodes’ of information, thus providing the learner with a ‘Knowledge Structure’ through which the individual interacts with the outside world of experience. Dweck (in; Caine and Caine, 1994) puts forward a theory of incremental versus entity models of internal knowledge construction. Within this theory can be seen echoes of Svensson’s theories discussed above. Dweck (ibid.) suggests that “incremental learners assume that intelligence is changeable and improves incrementally”, whilst “entity type learners believe that intelligence is fixed and unchangeable”. These differing viewpoints are often underpinned by the individual learner’s beliefs about the meaning of knowledge. Perry (1970) suggested that individuals pass through a number of stages of belief about knowledge, these can be summarised as “dualist” beliefs, where “knowledge is viewed as either right or wrong”, and “relativist” beliefs in which “knowledge is viewed as uncertain and relative”. It is further suggested by Perry that this viewpoint changes chronologically, with learners becoming more ‘relativist’ as they gain experience/s. This relativist view is expanded upon by Perkins (1999) when he states that “the best way to remember a body of information is to organise it actively, looking for internal patterns and relating it to what you know”.  This relativist viewpoint is frequently alluded to in e-learning, where the patterns between the various elements of an e-learning programme (visuals, text, audio), together with the ‘learning style’ of the student, can enable the construction of patterns which may not otherwise be apparent. 

2. Paradigm Shifts

These internal models of the way in which ‘knowledge’ can be constructed have parallels in the world of science. Up until the middle of the 20th century science was seen as “a slow, progressive, evolutionary accumulation of knowledge from one generation to the next” (in; Kuhn, 1970). Thomas Kuhn challenged this long standing model of scientific development in his book “The structure of scientific revolutions” in which he posited the idea of ‘paradigm shifts’. This concept described scientific development as consisting of “long periods of highly conservative ‘normal science’ interrupted by radical ‘paradigm shifts’ in which one way of organising ‘facts’ is replaced by a mutually exclusive paradigm for organising and explaining the same set of data” (Kuhn, ibid). This paradigm shift does not build on what had gone before, but “annihilates an older paradigm (or belief system) and renders useless all of the knowledge gained through earlier assumptions”. This development is further strengthened by the fact that once undergone, the paradigm shift is such that the previous ‘knowledge structure’ cannot be returned to, once the new structure is accepted. These ‘paradigm shifts’ are generally brought about by the ‘intrusion’ of anomalous events or ‘facts’ into an existing discipline or knowledge structure. These anomalies are investigated within the existing belief system, but increasingly point to that system being incorrect, in that it is unable to deal with this new ‘troublesome’ knowledge. 

2.1 Threshold Events

The ‘macro’ element of scientific change put forward by Thomas Kuhn is reflected at a ‘micro’ level of individual understanding by Jan Meyer and Ray Land (2003). Their paper on ‘Threshold Concepts and Troublesome Knowledge’ posited a model whereby the individuals ‘growth’ in understanding may only be enabled through interaction with ‘Threshold Concepts’. These are described as “transformative, irreversible, integrative” moves in understanding which lead to “a repositioning of self” (Meyer and Land, 2005). Often these acceptances of ‘threshold events’ lead to the same ‘transformed internal view’ (Meyer and Land, 2003) that Kuhn described in the wider scientific community. It may be that the ability to accept threshold events can only be developed when the learner has reached a certain level of atomistic understanding. Meyer and Shanahan (2003) found that the introduction of ‘naïve’ versions of threshold concepts (at an early stage of learner knowledge) led to the learners “accepting the simplified delineation as a proxy for the threshold concept [and thus] leading students to settle for the naïve version, and entering into a form of ritualised learning or mimicry”  whereby they would accept the naïve version of a threshold concept as another atomised ‘fact’ and would not see the integrative intention behind the concept. If the threshold concept is integrated into the learners ‘self view’ it may represent “a transformed internal view of subject matter, subject landscape, or even world view” (ibid). This model of transformative development is closely aligned to the work of Perkins (1999) on ‘troublesome knowledge’.

2.2 Troublesome Knowledge

Perkins (1999) put forward the theory that ‘Troublesome knowledge’ would appear “counter-intuitive, alien (emanating from another culture or discourse), or incoherent (discrete aspects are unproblematic, but there is no organising principle)”. We can see that the intrusion of these concepts into an existing ‘knowledge structure’ within an individual’s worldview could lead to an internal ‘paradigm change’ identified by Kuhn in his study of scientific revolutions. Perkins’ introduction of the term ‘troublesome knowledge’ was only as an adjunct to a discussion around differing models of constructivist education and notes that “to some extent the individual always has to construct or reconstruct what things mean”. Perkins further suggests that by making use of constructivist education we can engender “multiple serious, sincere, and well elaborated perspectives” that will allow for the learner to recognise “foreign or troublesome knowledge”. The concept was taken further by Meyer and Land (above) who made the linkage between troublesome knowledge and ‘threshold events’. An example of ‘troublesome knowledge’ that is frequently encountered in the educational field is that of ‘reflection’. Meyer and Land (2005) report the “troublesome nature of ‘reflection’ for academic colleagues who initially find the now well established discourse of professional reflection both alien, inaccessible, and unnecessary”. Until such troublesome concepts can be assimilated by the learner it may be difficult for them to adapt to a new paradigm. The linkages made to the construction of knowledge structures within an individual’s psychological landscape (illustrated in part by the views of Kuhn) are taken a stage further in the work of Paul Feyeraband.

2.3 Theoretical Anarchism

In his major work Against Method (1978) Paul Feyerabend suggested that it was only through dismissing existing scientific methodologies could scientific progress. His view was that “science would benefit from a dose of ‘theoretical anarchism’ [because] prescriptive scientific methodologies limit the activities of scientists, and hence restrict scientific progress”. (Feyerabend, 1978).  There are links between this wider theory of scientific change and the theories of threshold concepts put forward by Meyer and Land, in that Feyerabend was “critical of any guideline that aimed to judge the quality of scientific theory by comparing them to known facts” (ibid). Feyerabend went on in later works such as Science in a Free Society (1982) to fundamentally question the role of science (and prescriptive methodologies) in the way that society is controlled. Both Feyerabend and Kuhn were operating in the sciences (a discipline noted for its conservatism) but were able to step outside of their paradigms to put forward ideas that changed the way that science was perceived in ways that cannot now be ‘unlearned’. The challenge for those wishing to see similar developments in education is equally demanding. In the following section we can see attempts to break out of traditional modes of delivery through the use of e-learning in the area of ‘key skills’ education.
3. Methodologies

Assuming that the main thrust of the above argument is accepted, it must prove difficult to put forward a methodology which actively promoted the difficult, the out of context, and the unexpected. However, there are some methods and approaches which will allow for these elements to inform our pedagogy. Possibly the most central of these is for teaching practitioners to be open to the world around them, with many practitioners concentrating on their specialism this can prove problematic to inculcate, but is essential to the adoption of the internal paradigm shift model. The area in which most staff are both open to external influences, and have the ability to put this knowledge into use, is e-learning.

4. Case Study
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An example of this kind of openness is the “Neverwinter Nights” E-learning environment offered by West Nottinghamshire College (www.alteredlearning.com) which takes a completely different approach to the teaching of key skills to the 14-19 student. The programme is game based and allows users to “develop literacy and numeracy skills whilst playing the game” (Neverwinter, 2007). The development of the programme was driven by the fact that Key Skills are seen by many teenage students as a waste of time and effort, and the Computer Science team at West Nottinghamshire looked outside of the standard Teaching and Learning ‘envelope’ to bring in techniques and environments from outside of the educational environment. Feedback is provided to students “both in the game itself and via a web based interface that can be printed and kept in a portfolio of work. Follow up worksheets are also offered to the learner in an electronic format to further reinforce the relevant skills used within the game itself.” (ibid.) This example acts as an illustration of the way in which an openness to external factors can have a transformative effect on pedagogic delivery, and the improvement of learning outcomes. Through the use of this e-learning environment West Nottinghamshire College has seen “key skill delivery results....  increase dramatically from a national benchmark of 22% to 94% success rates.” (ibid.)
However, this openness to external influences and ideas often proves problematic for academic staff (see my previous paper on “Learning Group Analysis” [Bowman, 2007]), and it will only be through an incremental process of staff training and development that this situation is likely to improve. Organisations such as the Joint Information Services Committee (JISC) are currently looking at the dissemination of good practice as a driver for pedagogic change on a macro level, but this internal mental transformation of academics’ knowledge structures can only be accomplished on an individual level. 

4. Conclusion 

All disciplines (including education) operate within a set ‘paradigm’, that is a knowledge structure that (on the whole) supports the status quo, looking to develop systems that encourage the incremental conceptualisation of the discipline through the accumulation of knowledge within the discipline ‘envelope’. For learners, our internal ‘knowledge structures’ operate in very much the same way, in that we tend to perceive the world through our accumulated experience, and our beliefs concretise around this experience. The thrust of this paper has been that in order to really ‘grow’ in our understanding of life, the universe, and everything, these internal ‘knowledge structures’ need to be modified, and that it is mainly by the introduction of ‘troublesome or threshold knowledge’ that this can be achieved. The paper went on to describe some of the concepts behind these terms, and to examine ways in which these might influence the development of a body of knowledge, and techniques of educational delivery in the area of e-learning, both in an internal learner-focused environment, and in the external environment of the sciences and society as a whole. The paper ended with a discussion around a particular development in the area of Key Skills E-learning which made use of a discipline (Gaming) traditionally outside of that of education (indeed, seen by many educationalists as anathema to their concerns) to address the real concerns about the engagement of a particular group of learners with the area of Key Skills development. The application of ‘troublesome knowledge’ both to the content of educational programmes, and to the way in which they can be delivered (increasingly through e-learning methodologies) can be seen as an interesting avenue of research for the future.  
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