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Abstract

Non-linear approaches in face-to-face teaching pose a great challenge to instructors designing
classroom-based knowledge delivery models. Not so long ago the search was for a suitable way
to enhance face-to-face teaching with hypermedia and electronic learning components. Today it
is more and more a matter of face-to-face teaching being adapted to technology based didactics.
The perception of how technology should be used in the process of knowledge delivery has
changed. The judging of technology-based education in terms of computer deployment for
learning has shifted from ‘nice-to-have’ to ‘must-have’. Nevertheless, non-linear approaches in
face-to-face teaching, which follow the hypermedia paradigm, do not fulfil their didactical
promise. Non-linearity in teaching finds acceptance mainly within groups with highly talented
and motivated students who are able to quickly adjust to new situations. In a typical course a
linear, teacher-focused delivery of content is what students most like. This phenomenon is likely
to give rise to a new debate. This paper discusses the problems related to non-linear concepts in
face-to-face teaching in the context of a simple model for the passing on of knowledge in
learning groups. The model has been given the name "The Knowledge Quincunx". The paper
also presents some ideas on designing more abstract learning curricula such as are needed in

order to unfold the creative thinking processes at universities, especially in management-related
fields.



TECHNOLOGY ENHANCED DIDACTICS.

Many articles have discussed different scenarios of technology enhanced didactics. Until
recently the issue was whether technology could facilitate learning and whether it might help
make education better. In the meantime it is agreed that learning can be facilitated through
technology and the question now is more as to how we can use technology effectively to help
activate, motivate and challenge learners and how e-learning can enhance traditional learning
settings. Along with the ongoing changes in learners work practices and behaviour resulting from
increased experience in using technology for learning purposes as well as with continuous
changes of the learning culture (see below) learners seem to have become comfortable with non-
linear concepts in e-learning. Paradoxically, most learners consciously decline non-linear in-
class-teaching and prefer learning arrangements in which predefined paths for the acquisition of
knowledge are given and pre-packaged schemas are applied.

Today, trainers facilitating learning processes have to consult with the course participants
individually in all decisions about the design of the training plan (Wierzbicki and Wankelmuth,
2003). Trainers must also be able quickly to recognise the strengths and weaknesses of learners,
and be ready to provide help, boost motivation and create flexible, on-demand curricula which,
being such, cannot be completely predefined. Modern learning and instruction require redesign to
keep up with the demand of time. One burning question is how well non-linear concepts are
suited for the enhancement of didactics and how these more abstract approaches might be
implemented alongside technology based teaching and other types of instruction.

LINEARITY VERSUS NON-LINEARITY IN LEARNING

Linearity and non-linearity in learning is primarily defined in the context of computer-
supported learning. However, both terms also apply to face-to-face teaching or any other form of
teaching and learning. Linear learning (teaching) describes a learning arrangement where
learning material is presented in a strictly linear fashion, according to a predefined list of topics
(for example, schoolbook-based teaching or linear storytelling) or a rigid hierarchical structure
(for example tele-teaching). The end point of the narrative is fixed and there is no possibility of
manipulating the content flow. Non-linear learning (teaching), on the other hand, refers to a
hypermedia-like learning arrangement with a more or less unpredictable unfolding of the learning
path, this unpredictability arising from the possibility of interaction with the learning content and
the opportunity to select any portion thereof without any requirement to follow any fixed
sequence of topics (Fig. 1).

In both the linear and non-linear arrangements we may reasonably perceive "learning content"
as individual portions of information offered in some form of relationship of relevance which
lends it structure. The container holding these portions of information might be a CD-ROM
application, a web site or indeed any hypertext-like structure.
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Fig. 1. Linear versus non-linear processes.

WHY NON-LINEARITY?

The human brain creates intelligent behaviour by processing information in a highly complex,
non-linear and parallel manner. All our knowledge, defined as stored information used to
interpret, predict and appropriately respond to the outside world (Fischler, M.A. and Firschein,
0., 1987). operates on multidimensional representations and is non-linear in its nature. As the
amount of information increases it quickly becomes impossible to handle complexity using
linear, mechanistic and single-perspective approaches in learning ‘You need interconnected
knowledge and knowledge in context. You need to be able to apply multiple perspectives,
multiple knowledge sources, multiple points of view...” (“New Educator”, 2002). Spiro et al.
have developed a very interesting constructivist theory of learning and instruction called
Cognitive Flexibility Theory (Spiro, R.J., Coulson, R.L., Feltovich, P.J., and Anderson, D.
(1988), Spiro, R.J. and Jehng, J. (1990), Spiro, R.J., Feltovich, P.J., Jacobson, M.J., and Coulson,
R.L. (1992)). According to Spiro et al. the majority of knowledge areas, represent ill-structured
domains. The remedy for learning deficiencies related to the domain complexity and irregularity
requires the inculcation of learning processes that afford greater cognitive flexibility, 1.e. the
ability to spontaneously restructure one's knowledge, in many ways, in adaptive response to
radically changing situational demands. The learning goal is to develop the ability to represent
knowledge from different conceptual and case perspectives which permit the same items of
knowledge to be presented and learned in a variety of different ways and for a variety of different
purposes. Furthermore, Spiro et al. claim that the cognitive theories and instructional practices
work well in introductory learning, but do not work in advanced learning.

Non-linear approaches help better to demonstrate the diversity of possible options related to
one topic as well as in finding appropriate solutions for different problems. They also help
explain why one particular solution works better than another. Non-linearity as a learning and
teaching paradigm undoubtedly has advantages over any other concept since it better reflects the
way cognition and information processing are structured.



INHERITED PATTERNS AND LEARNING CULTURE

Children's informal learning is truly non-linear and multimodal. As soon as elementary
education begins, didactical constraints overrule our learning habits and personality traits, and
impose a form of knowledge acquisition referred to as structured or formal learning. According to
Rodica Mocan (Mocan, R., 2004)

The whole learning experience - from childhood to adulthood - is emphasizing linear storytelling. We
study from textbooks that are designed in a linear way, and we are taught to think linearly. Our
culture, nurtured by analogue television, radio and written press, has taught us to be passive receivers
of information.

These behaviour patterns are inherited throughout all the stages of learning. They decisively
contribute both to the formation of a kind of a common shared affinity for linear learning as well
as to the foundation of our learning culture understood in terms of the values, practices and
behaviour of learners, inherited (instilled), impacted on by the environment and emerging from
diverse human factors such as the individuals cognitive structure, personal motivation, self-
discipline or social attitude. We often believe that any dislike students develop towards particular
didactical approaches results primarily from bad teaching methods and inappropriate settings,
rather than from the learners' learning culture itself. Students often seem to be swamped by
hypermedia concepts so that they cannot always really benefit from non-linear approaches in
learning (see Chen, S.Y., 2002). The problem seems to be the more pronounced the more abstract
models are required, especially classroom-based face-to-face models for knowledge delivery, and
the more effort is put into the unfolding of learners' creativity. Working with students and
experimenting with non-linear ways of teaching I observed an overall negative response and
dislike of this approach. I neither explained to students how I would be teaching nor gave them
any precise information on what the learning content would be. The seminar was designed as a
seemingly random series of different complex themes with the goal of creating a very specific
view of the subject (multimedia systems) with space left for one's own critical analysis of the
topics at issue, demonstrating also similarity amongst diversity. The approach overwhelmed and
discouraged students. The course was stamped as incoherent. Students clammed up and were
unable to link anything together or to find any parallels to what they had already learned. My
worst experience, however, was not the dislike of the teaching method itself: worse was the fact
that the students were unable to discuss the problem and complained behind my back. Exposed to
mental stress they did not accept the challenge and were unable to develop any motivation.

PROJECT-BASED TEACHING MEDIA LITERACY

Rapid changes in the media market, especially where technology plays a significant role,
mean that new, flexible and adjustable approaches to teaching are required. Consider a typical
situation: a project is to be managed which requires that diverse new skills are learned. You never
have time to do things in a linear way while following the project timeline. Also, the time is
normally too short for any learning curves to be planned. In particular, you never learn things
from scratch but rather go immediately to where appropriate information can be picked up to help
solve a particular sub-problem. This procedure is non-linear and it is critical for the project’s
success. Pre-packaged knowledge structures do not work within the framework of a project. The
emphasis needs to be shifted to the flexibility of situation-specific schema assembly. This is
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needed to boost the project group intelligence understood in terms of meeting novel situations
successfully through appropriate adjustments of behaviour (Fischler, M.A. and Firschein, O.,
1987).

Moving towards problem-oriented and project-driven face-to-face teaching the major
challenge we face is how to structure appropriate curricula, how to pass the required knowledge
on-demand and how to raise and cultivate the awareness for the diversity of possible ways of
approaching a given task while maintaining reasoning schemes in what we are doing.
Instructional design and curriculum planning often relate to the concept of “learning hierarchies”
(Gagné, R.M., 1985). According to Gagné, facilitating learning processes requires instruction
organized hierarchically since learning and knowledge are both hierarchical in nature. A remedy
to cope with the dislike and disinclination students may develop towards non-linear teaching
methods and the feelings of dissonance they may experience is to try to establish at least a
tenuous link between portions of learning material, so that at least some minimal coherence
between two successive topics is recognizable and a learning hierarchy is created. This seems to
be expedient because (Bush, V., 1945)

The human mind ... operates by association. With one item in its grasp, it snaps instantly to the
next that is suggested by the association of thoughts, in accordance with some intricate web of trails
carried by the cells of the brain.

THE QUINCUNX

Assembling knowledge in non-linear settings requires a complex and sophisticated
preparatory logic. There is always a starting point which is well defined in advance but the way
knowledge is passed on and the way complexity unfolds become ever more unpredictable the
deeper available options related to a topic are explored.

The situation resembles to some extent a Galton Board setting (see
http://mathworld.wolfram.com) In the Galton Board (also called Quincunx) balls are dropped
through a triangular array of nails which form a lattice of random paths for balls falling from the
top row to the bottom row (Fig. 2.). Each time a ball hits one of the nails, it can bounce right (or
left) with some probability p (and g = I- p; typically p = q = 0.5). The piles of balls which
accumulate in the slots beneath the triangle create a binomial distribution. The experiment
provides an illustration of the so-called central-limit theorem (the distribution of the sum of n
random variables approaches the normal distribution when n is large). Astonishingly, it can be
used to visualise and model more abstract, non-linear curricula.

In Fig. 3 an example of a cross-media curriculum is shown as built up using the quincunx
construction principle. The figure demonstrates a simple approach which nevertheless goes
beyond the standard practice of a truly linear curriculum design. The linkage threads depicted in
Fig. 3 by arrows make it possible to construct different, quantum walk-throughs within the same
structure. Being selective about directions we choose, different views of the same subject i.e.
different knowledge acquisition tracks can be constructed. The selection of where to go may
relate to the actual unfoldings of interests in a group but may also follow some other demands
which might depend, for example, on a group's knowledge profile, its motivation or its social
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characteristics. In a typical students group, after all, people with different skills and with different
levels of knowledge work together.
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Fig. 2. The Galton Board (Quincunx).
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In analogy to the Galton Board different walk-throughs (different knowledge tracks) give rise
to the distribution of knowledge passed to different groups and/or at different times. Interestingly
enough, the process of the passing of knowledge becomes mathematically explicable. Placing
important topics in the middle of the quincunx curriculum we make it more probable these topics
will appear in curricula considered over some longer time periods and working with different
learner groups.

CONCLUSIONS

Many didactical problems result from reductionist, linear-based approaches in learning. Non-
linear teaching methods, particularly regarding the face-to-face component of blended learning
arrangements, offer a promising route to more sophisticated and up-to-date classroom learning
comprehension. Modern learning needs to be considered as a process of knowledge construction
rather than of knowledge reproduction (the latter being typical for traditionally based instruction).
The teaching goal in a non-linear setting is to look outside the standard practices and present a
curriculum that is challenging, engaging and effective, following the idea of creating flexible,
open learning spaces without focussing fixedly on particular topics along predefined paths. These
goals fit well into the framework of the "cognitive flexibility" paradigm developed by Spiro et al.
(Spiro, R.J., Coulson, R.L., Feltovich, P.J., and Anderson, D., 1988). Spiro has discussed some
fundamental issues of modern learning, emphasising the need to train the ability to use mental
resources appropriately and transfer the knowledge to novel situations.

This article has presented a very simple approach to the construction of more sophisticated
but still (well-) structured learning curricula which makes it possible to stop employing strictly
linear means in passing knowledge to learner groups while at the same time maintaining the
desired perception of learning content as structured and ensuring that the unfolding of course
material is perceived to be coherent through linking threads between particular topics. This new
model, which has been given the name "The Knowledge Quincunx", makes it easier to cope with
a new problematic issue - the construction of blended learning environments adapting the non-
linear, hyperlink-based concepts in technology-based instruction to real-world interaction in
classroom-based settings. The way a quincunx curriculum works is not strictly non-linear but the
apparent unpredictability in the choice of next topic allows a course to unroll on-demand,
demonstrating a new and adjustable way of passing knowledge in classroom-based arrangements.
Different knowledge tracks give rise to a final distribution of knowledge closely analogous to the
distribution in the classical Galton board. This also provides the curriculum quincunx with some
mathematical foundation and helps visualise diverse knowledge tracks in the delivery of learning
content. At the same time it helps portray knowledge in learner groups as distributed mental
resources which, in the end, could be described using mathematical equations. The knowledge
delivery as presented in this paper does not take into account topic redundancy in the quincunx
structure. It might however be wise to spread some sequences of topics more than once in the
structure the better to deal with a possible danger of drifting too far off the main path where
topics of greatest relevance to the curriculum can be found.
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