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FUNDAMENTAL QUESTIONS
(and Index to Handout)

1. Is learning a complex system (and how is it a complex system)?
 Characteristics of complex systems
 Questions related to learning and learning as a complex system:
 What is the purpose of learning?
 What are the patterns of learning?
 What are the processes of learning?
 What is the driving “force” of learning?
 What are the underlying assumptions of particular learning theories?
 Overview of learning theories and their compatibility with complexity

2. What would teaching, curriculum, and schooling “look like,” if they were consistent
with learning as a complex system?

3. How do current practices of teaching, curriculum, and schooling undermine learning
as a complex system?

Features of Complexity


As criteria for learning as a complex system?

Core Features of Complex Systems
Non-Linear

Circular or more complex causal, relational, and/or interactive loops or
recursions

Autopoietic

Self-generating, self-maintaining, self-organizing, self-renewing, selfamplifying, self-transcending

Far from Equilibrium

System does not function as a steady-state, but from state of
imbalance

Other Features
Energy (Driving “Force”)

Some “thing(s)” provide(s) energy or force for system

Amplification

Small initial factors or events may have large effects on system

Whole > ∑ Parts

The whole is greater than the sum of its parts (holist – not reductionist)

Central Organizing Factor(s)

Some features act as organizing center for the system and subsystems

Emergence

Complex systems provide for possibility of new, emergent features,
qualities, effects, or products

Unpredictable

Direction or course and results are not entirely predictable

Ramifications and Implications

Continuum of Non-Linearity:

Patterns of Organization

Fundamental patterns within system and its organization and products

Relational Complexity

Relationships among parts, whole, and external “things” and contexts are
characterized by complex interactions

Contexts are Important

Systems operate within contexts and are inextricably interconnected.
Systems and contexts affect one another.

Some Major Learning Theories
Theory
Activity Theory

Assimilation Theory

Behaviorist Theories

Brain-based Theories

Summary

Orientations

Learning is based on tool•
mediated activity in contexts and •
through cycles of transformation •
and creation of objective
•
knowledge of reality.
•
Learning based on assimilation •
into prior knowledge. Transfer of •
knowledge occurs because
learning was meaningful.
Learning as change in behavior •
through: stimulus-response,
•
automatic and reflexive, &
•
simple connections. Ignores
•
cognition, emotions, and
•
consciousness.
•
Meaning-making through
•
patterning. Parallel processing. •
Learning involves whole body, •
focused and peripheral
•
perception, and in conjunction
with other brains (socially).
•

Bateson’s Cybernetic & Learning as transformations
Deutero-Learning
through cybernetic feedback
loops with mind extending
beyond body.

Complexified?

Functionalist
Goal–directed
Objectivist
Partly mechanistic
Partly positivist
Metacognitive
Partly positivist

• Non–linear //
recursive
• Disequilibrium

 Engström
• Vygotsky
• Leont’ev
• Luria

• Disequilibrium
• Networks of
relationships

 Ausubel
• Novak

Positivist
Mechanistic
Reductionist
Objectivist
Deterministic
Thinking is irrelevant
Holistic
Multimodal
Multi-contextual
Emotions—important
in patterning
Contextual

 linear
 retrogressive

•
•
•
•
•
•
•
•

•
•
•
•
•
•
Constructivist Theories Learning as the construction of •
meaning through connections to •
prior knowledge.
•
Social Constructivist Learning as the construction of •
Theories
meaning through social
•
interaction.
•
Information Processing Learning as computational
•
Theories
processing of information into •
various types of memory.
•

Holistic
Metacognitive
Mutli-contextual
Emotions—important
Metapatterns
Contextual
Holistic
Relativistic-subjective
Contextual
Holistic
Social-communicative
Reciprocal
Mechanistic
Reductionist
Deterministic

Neo-Schema Theories Learning as active,
transactional, and embodied
processes of representation at
various levels of abstraction.

Holistic
•
Contextual
•
Evaluative
•
Mind-Body Connection •
•
•
Holistic
•
Contextual
•
Social-communicative •
Multi-modal
•
Partly positivistic
•
Partly functionalist.
•
Holistic
•

Situated Learning,
Apprenticeship, &
Communities of
Practice
Distributed Cognition

Learning as (unintentional)
induction into the practices of
particular communities, such as
apprenticeships, cultures, etc.
Learning is a system that is
distributed among people, tools,
internal & external
environments, artifacts, and
time. Goals of learning tend to
involve solving problems and
acquiring expertise.

•
•
•
•
•
•
•
•
•
•
•

Theorists

•
•
•
•
•
•
•
•

• Watson, J. B.
• Guthrie, E. R.
• Thorndike, E.
• Skinner, B. F.
• Black, E.
• Cook, D. A.
Parts and wholes
• Caine, R.
Non-linear; complex • Caine, G.
recursiveness
• Armstrong, T.
Uniquely organized • Pert, C.
Disequilibrium
• Jensen, E.
Autopoietic
Flexible, adaptive
Parts and wholes
• Gregory
Non-linear; complex
Bateson
recursiveness
Patterning
Autopoietic
Adaptive
Non-linear
 Piaget
 von
Glasersfeld
Non-linear
 Bakhtin
Autopoietic
 Vygotsky
Adaptive
 Leont’ev
Partially non-linear • Atkinson
• Bransford
• Miller
• Rummelhart
Non-dualistic
• McVee
Non-linear
• Dunsmore
Patterning
• Gavelek
Autopoietic
Adaptive
Parts and wholes
Non-linear
 Lave
Adaptive
 Rogoff
Autopoietic
 Wenger
Disequilibrium
Non-linear
• Salomon
Autopoietic
• Hutchins
Disequilibrium
• Perkins
• Pea
• Norman

Purposes of Learning

Dimensions of the purposes of learning.

Intersecting dichotomous continua of learning purposes.

PURPOSES from the perspective of current Learning Theories
General View
 as vague functionalist or mechanistic process
 as goal directed at conscious level
 as need-directed
 as unintentional
Operational or Functional (tends to be circular  “purpose of learning is to learn”)
 for solving problems
 for meaningful learning or meaning-making ( circular argument)
 for skill acquisition
 for abstract representation
 for pattern recognition
 for evaluation of goodness of fit
 for remembering
 for understanding
Adaptation, Survival, Change, Maintenance
 for self-correction
 for adaptation
 for behavioral change
 for social survival (as perceived)
 for individual survival (as perceived)
 for solidification
 for flexibility
Relationships, Communication, Participation
 for participation in a particular community of practice
 for communication
 for relevant expertise

PURPOSES from the perspective of Learning as a Complex System
Many learning theories do not expressly discuss the purposes of learning. If they do discuss them, these purposes tend to
be relatively superficial (e.g., to make meaning, to participate in a community, etc.). However, learning as a complex
system will include most of the purposes listed above, as well as others, such as:
 for survival of species (as genetic “learning”) – as
genetically distributed learning

 for survival of individual(s) – self & socially distributed
learning

 for maintaining individual system

 for maintaining social or cultural system

Other potentialities of learning from complexity perspective include:
 self-transcendence
 self-transformation (e.g., egolessness & enlightenment•)
 innovation and creativity

 insight

 From Buddhist psychological perspective learning can be geared towards:
1) development, maintenance, and extension of ego (as sense of solidity and dualistic separation)
2) development of intelligence (prajna) and wisdom (jnana) for cutting through ego and achieving state of egolessness
 this sense of learning is associated with self-transformation, self-transcendence, and compassion, as well as with a
sense of being “learned.”

LEARNING AS COMPLEX SYSTEM
Characteristics & Implications
Characteristics Description

Implications

Non-linearity

 Teaching and curriculum need to incorporate recursive patterns
of working with concepts.

RANGES FROM:
Repetitive  Elaborative 
Recursive
• Recursion seems to be
qualitatively (and
quantitatively) richer and
more complex than
elaboration and repetition

 Teaching and curriculum need to provide opportunities to
support children’s:
• natural recursiveness.
• recursively helical patterns of learning over time.
• divergent thinking and new branches of inquisitiveness.


INCLUDES:
• looping – multiple, interacting
loops – helices – branching –
divergences – convergences
Stochastic
• Randomness both internal

elements & patterns (ideas, emotions, etc.) and
external (whatever arises from
interactions with others, events 
etc.) elements and events.

Assessment needs to:
• move away from standardized tests.
• focus on children’s idiosyncratic understandings .
Teaching and curriculum need to provide opportunities for the
occurrence and use of random events, elements, and patterns.
Teaching and curriculum need to accommodate the
incorporation of random thoughts, experiences, and patterns of
thinking in the work and thinking of students.

 There needs to be time for the unexpected to occur.
Predictably
unpredictable

• Outcomes of cognition are not  We can predict that the unexpected or unpredictable will occur
predictable.
if schooling and curriculum are not solidified – actually the
unexpected will occur anyway.
• We can predict this
unpredictability.
 By de-solidifying schooling and curriculum, we can provide
room for the unpredictable to develop into novel ideas and
products.
Emergence as
• Not deterministic.
 Emergence of the unpredictable is the manifestation of
creativity & insight
creativity and insight.
 Real problem-solving is dependent upon such emergent
creativity & insight.
Embodied &
contextually
distributed
cognition

• Embodied cognition involves:
• coordination of mind and
body.
• distribution of cognition
throughout body.
•

Active & dynamic

 Teaching and curriculum needs to value and promote:
• use of a variety of tools, artifacts, and materials for
exploration, inquiry, and communication.
• the idea of group cognition and learning.
• the idea that cognition and learning involve interacting with
the world and not just thinking and talking heads.

Distributed cognition extends
within and beyond body to

tools, artifacts, materials, and
others.
• Cognition and learning are

active and dynamic processes.
• Understandings continue to
change over time.

Situated in contexts• Cognition and learning are
situated in multiple contexts,
including:
• cognitive—emotional
• sensory
• theoretical—conceptual
• physical—environmental
• social—cultural

We need to “see” each child as a system with looping
processes extending into their worlds, its objects, and other
people.
Student, while in classes, should be actively engaged with
materials, tools, ideas, and other people – and should be
stationary and quiet for as little as possible.

 All learning must be situated in one or more relevant contexts,
such as:
• everyday lives of students and their individual interests &
passions
• political
• cultural and social
• theoretical (abstracted contexts within the world of ideas)

Socially &
psychologically
adjusting and
modifying
Biologically
adaptive

Reflexive &
purposeful

Driving “force” or
“energy”

General
Implications

• Learning involves continuum of 
changes that can range from
simple emotional connections
with content of learning TO
major shifts in beliefs and
orientations
• Evolutionary processes of

genetic change involve the
transference of information at
the genetic level (a Batesonian
learning).

If students are learning, then they are changing psychologically
and socially – learning is not just creating compartmentalized
areas for information storage  learning involves changing the
way we see and relate to the world.
Learning also occurs at the level of genetics, where
information is passed on to other generations; and this
information is adaptive (re: Bateson, et al.)

• Learning ranges from the
 Classroom and school environments need to:
unconscious and reflexive to
• be relaxed, safe, and open environments that support
the conscious, purposeful, and
individuality and creativity
metacognitive.
• be stimulating and rich environments that promote curiosity
and engagement
• be communities that promote meaningful and respectful
interactions, the development of identities, meaningful and
relevant engagement and participation
• promote reflexive to purposeful learning
• promote thinking that is reflective, analytical, creative,
insightful, and metacognitive
• Learning is driven by some sort  Teaching and curriculum need to avoid teacher-directed
of psychological “energy”:
approaches where learning is driven by external factors, such
• emotions (fear to joy)
as rewards, fear, etc.
• curiosity
 Teachers need to provide opportunities for children to engage
• passions & interests
and learn driven by positive emotions, curiosity, passions,
• social & cultural acceptance
interests, and challenges of various kinds.
• for spiritual growth
• for ego enhancement
 Children need time to explore, make mistakes, and play with ideas
and materials.
 Children’s individuality and children’s social connectedness
need to be valued.
 Curriculum and planning need to focus on “planning for the
unexpected” – i.e., on the emergent (questions, divergences,
new events, etc.)

How do current views and practices of teaching, curriculum, and schooling
undermine learning as a complex system?
Practices & Views

Assumptions

Classroom “Management” •
•
•
Teacher-Proof Curriculum •
•
•
•
Curriculum Mapping
•
•
•
•
Lesson Plans
•
•
•
Learning Objectives
•
•
•
Content Standards
•
•

Children are to be controlled and manipulated.
Teachers are in control.
Learning requires that children are “in control.”
Teachers are not professionals
Learning is in the control of remote others.
Learning is static.
Learning is a standardized, linear process.
Sequence and focus of curriculum needs to be predetermined.
Learning is determined by teacher and others.
The “map” is the “territory” (learning confuses representations with reality).
Learning is the same for all students.
Sequence and focus of teaching is predetermined.
Learning is determined by teacher.
“Bits” of information can be taught as isolated segment.
All learning can be measured.
All learning can be observed.
Learning is predictable.
What is “good” for one student is “good” for all students.
Some “content” is more important than other “content” & this is determined by a relatively
small group of people.
• What is to be learned is age-dependent  learning capabilities are standardized, linear,
and restrictive progressions.

Learning occurs from
Concrete to Abstract
Testing & (most)
Assessment Practices

•
•
•
•
•
•
•

Grading

Homework (as typically
practiced)
Drill & Practice
Student Achievement

•
•
•
•
•
•
•
•
•
•
•

Learning is a linear progression from simple to complex or abstract.
Learning simple, concrete ideas is “easier” than more complex and abstract ideas.
Learning is measurable.
Discrete bits of information about what has or has not been learned is indicative of a
student’s understanding.
Assessment of learning has to be done by someone other than the learner.
Students are incapable of self- and peer-evaluation.
Assumes students are not (and are probably incapable of being) aware of their own
learning.
Learning is contained purely within an individual.
The teacher is in control.
Learning is discretely measurable.
Learning can be evaluated on an abstract scale.
Assumes learning is a process of simple repetition and practice.
Assumes learning is devoid of context.
Assumes learning can be achieved by simple repetitive cycles.
Assumes learning is simple rote memory.
Learning is a level of performance that can be measured.
“Achievement” is confusing a piece of the “map” with the whole “map” and with the
“territory.”
Confuses “achievement” with learning (one can achieve without significant learning).

Student Achievement as
Measure of Teacher
Effectiveness

Time On Task

Time Limited Tasks (incl.
tests)
Adherence to State
Standards

Teachers Teach

Learning Progressions

“Teachable Moments”

Scaffolding

• Achievement is not necessarily learning.
• Assumes student learning is entirely due to “effectiveness” of teacher.
• Assumes that student learning is only affected by teacher and what takes place in
classroom.
• Assumes students have no responsibility for their own learning.
• Assumes that other factors do not affect learning, such as family life, everyday life contexts
that are outside of family and school, etc.
• Assumes that learning only occurs while focused on a task.
• Assumes that children can be totally focused on a task, while no adult is ever totally “on
task” while at work.
• Assumes that “time off task” is a waste of time, even though creativity, insight, and solutions
to problems often occur while “off task.”
• Assumes learning can be accomplished during discrete periods of time.
• Assumes that all students can learn at the same rate.
• Assumes that learning has discrete limits in depth, extent, and abstraction.
• Most literature have statements about adhering to state standards for all teaching activity &
have statements about promoting connections to student prior knowledge, curiosity, and
their everyday lives  these two statements are contradictory  if you truly promote
connections to student prior knowledge, their lives, and their curiosity, you will have to
deviate from state standards.
• Teachers are in control of student learning.
• Assumes that someone “can teach” someone else and ignores learning as an integrative
process that occurs within an individual and among individuals.
• Assumes learning is linear.
• Assumes that learning progresses through the same sequence.
• Assumes that learning processes are standardized across all individuals.
• Assumes learning follows a linear pathway from simple to complex (abstract).
• Assumes that learning occurs around specific and discrete “meaningful” events, as
opposed to learning that occurs as helices in time and space.
• Assumes that someone other than the learner(s) must be responsible for recognizing
opportunities to learn.
• Does not recognize such moments as possible points of departure or emergence from
existing learning helices (but are seen as discrete, fragmented, and disconnected
moments).
• Although seen as helical, scaffolding assumes a certain sequential linearity to conceptual
learning.

Much of what we do in the name of schooling revolves around the notion of “control”:
— controlling students, controlling teachers, controlling knowledge —

Linearity and working towards equilibrium are manifestations of our attempts to solidify & control
our worlds, our children, and ourselves.
Positivism, mechanism, reductionism, functionalism, and egotism are traps of solidification & control.

Complexification of Learning
requires a shift in our worldview that sees learning as a continual process of engaging with a variety of “worlds”
(our physical and biological worlds, our social worlds, our worlds of ideas and emotions)
in ways where the barriers between self & others and self & worlds begin to dissolve
and where control is distributed & shared.

What would teaching, curriculum, and schooling “look like,” if they
were consistent with learning as a complex system?
 Schools are vibrant communities of learning and knowledge production.
 Schools celebrate the diversity of individuality of its students and teachers.
 Schools provide “down-time” where students and teachers can interact in a variety of ways that
stimulate creativity, insight, divergence, and innovation.
 Schools value emergence and provide opportunities for new questions and ideas to explore indepth.
 Schools tend to be meeting places for sharing and arguing about ideas, communicating the
results of knowledge production, analyzing data, and working with other relevant and
authentic tasks.
 Students and teachers spend a great deal of time collecting various kinds of data and engaging in
other learning activities outside of school, and when in school they continue to engage in such
activities.
 Student learning appears as:
 Groups working together.
 Individuals working alone.
 Groups socializing.
 Individuals in “down-time”.
 Teachers interact with students in ways that value and encourage student thinking,
creativity, insight, innovation, and so forth.
 Teachers act more as mentors and collaborators.
 Assessment occurs as collaborative meta-evaluative processes that are an integral part of
innovative and creative knowledge production communities.
 Students and teachers are involved in all kinds of activities that are multimodal -- recognizes
value of physical activities, artistic expression (visual, dramatic, and musical), and so forth -learning does not just occur in the head.
 Students and teachers value curiosity, emotions, personal aesthetics, intrigue, wonder, play,
exploration, and other things that fuel the fire of learning and innovation.
 Learning = Innovation.
 Learning = Transformation.

Some Relevant Models of Learning
Learning as Complexity

Levels of Cognition

Literature
Bakhtin, M. M. (1981). The dialogic imagination. Austin, TX: University of Texas Press.
Barab, S. A., Cherkes-Julkowski, M., Swenson, T., Garrett, S., Shaw, R. E., & Young, M. (1999). Principles of selforganization: Learning as participation in auotcatakinetic systems. Journal of the Learning Sciences, 8(3 & 4), 349—
390.
Bateson, G. (1972/2000). Steps to an ecology of mind. Chicago: University of Chicago Press.
Bateson, G. (1979/2002). Mind and nature: A necessary unity. Cresskill, NJ: Hampton Press.
Bateson, G. (Donaldson, R. E. [Ed.]). (1991). A sacred unity: Further steps to an ecology of mind. New York: Cornelia &
Michael Bessie Book/Harper Collins.
Bateson, G. (2007). Reflections on learning and addiction: Porpoises and palm trees. Kybernetes, 36(7/8), 985—999.
Bateson, M. C. (1994). Peripheral visions: Learning along the way. New York: Harper Collins.
Bloom, J. W. (1998). The implications of evolutionary patterns on learning: Issues of variation, non-linearity, and nonprogressivism. Paper presented at the annual meeting of the American Educational Research Association, San Diego,
CA, April.
Bloom, J. W. (2001). Discourse, cognition, and chaotic systems: An examination of students’ arguemtn about density. The
Journal of the Learning Sciences, 10(4), 447—492.
Bloom, J. W. (2007). A theoretical model of learning for complexity: Depth, extent, abstraction, and transfer of learning.
Paper presented at the annual meeting of the American Educational Research Association, Chicago, April.
Bloom, J. W., & Volk, T. (2007). The use of metapatterns for research into complex systems of teaching, learning, and
schooling. Part II: Applications. Complicity: An International Journal of Complexity and Education, 4(1), 45—68.
Bransford, J. D., Brown, A. L., & Cocking, R. R. (Eds.). (2000). How people learn: Brain, mind, experience, and school.
Washington, DC: National Academy Press.
Capra, F. (1996). The web of life: A new scientific understanding of living systems. New York: Anchor/Doubleday.
Davis, B., Sumara, D., & Luce-Kapler, R. (2000). Engaging minds: Learning and teaching in a complex world. Mahwah,
NJ: Lawrence Erlbaum Associates.
Davis, B., & Sumara, D. (2006). Complexity and education: Inquiries into learning, teaching, and research. Mahwah, NJ:
Lawrence Erlbaum and Associates.
Davis, E. A., & Miyake, N. (2004). Explorations of scaffolding in complex classroom systems. Journal of the Learning
Sciences, 13(1), 265—272.
Doll, W. E., Fleener, M. J., Trueit, D., & St. Julien, J. (2005). Chaos, complexity, curriculum, and culture: A conversation.
New York: Peter Lang.
Engström, Y. (2001). Expansive learning at work: Toward an activity theoretical reconceptualization. Journal of Education
and Work, 14(1), 133—156.
Gardner, H. (1993). Frames of mind: The theory of multiple intelligences. New York: Basic Books.
Harries-Jones, P. (1995/2002). Recursive vision: Ecological understanding and Gregory Bateson. Toronto, Ontario:
University of Toronto Press.
Hmelo, C. E., & Azevedo, R. (2006). Understanding complex systems: Some core challenges. Journal of the Learning
Sciences, 15(1), 53—61.
Hunt, W. (2003). The information processing approach to cognition. Educational Psychology Interactive. Valdosta, GA:
Valdosta State University. Retrieved (2/13/2009) from: http://chiron.valdosta.edu/whuitt/col/cogsys/infoproc.html.
Hutchins, E. (1995). How a cockpit remembers its speeds. Cognitive Science, 19(3), 265—288.
Jacobson, M. J., & Wilensky, U. (2006). Complex systems in education: Scientific and educational importance and
implications in the learning sciences. Journal of the Learning Sciences, 15(1), 11—34.
Jones, M. G., Jones, B. D., & Hargrove, T. Y. (2003). The unintended consequences of high-stakes testing. Lanham, MD:
Rowman & Littlefield Publishers.

Kirshner, D., & Whitson, J. A. (Eds.). (1997). Situated cognition: Social, semiotic, and psychological perspectives.
Mahwah, NJ: Lawrence Erlbaum & Associates.
Knight, P. (unknown, 2005—2007). Assessment and complex learning. Accessed: July 23, 2007, at http://kn.open.ac.uk/
pulibc/document.cfm?docid=6576.
Lave, J. (1988). Cognition in practice: Mind, mathematics and culture in everyday life. New York: Cambridge University
Press.
Lave, J. (1988). Cognition in practice: Mind, mathematics, and culture. New York: Cambridge University press.
Lave, J., & Wenger, E. (1991). Situated learning: Legitimate peripheral participation. New York: Cambridge University
Press.
Lave, J., & Wenger, E. (1991). Situated learning: Legitimate peripheral participation. New York: Cambridge University
Press.
Luria, A. R. (1976). Cognitive development: Its cultural and social foundations. Cambridge, MA: Harvard University Press.
Macnamara, J. (1982). Names for things: A study of human learning. Cambridge, MA: MIT Press.
Markman, E. M. (1989). Categorization and naming in children: Problems of induction. Cambridge, MA: MIT Press.
Marton, F., & Booth, S. (1997). Learning and awareness. Mahway, NJ: Lawrence Erlbaum Associates.
Marton, F., & Pang, M. F. (2006). On some necessary conditions of learning. Journal of the Learning Sciences, 15(2), 193
—220.
Maturana, H. R., & Varela, F. J. (1987/1992). The tree of knowledge: The biological roots of human understanding.
Boston: Shambhala Publications.
McVee, M. B., Dunsmore, K., & Gavelek, J. R. (2005). Schema theory revisited. Review of Educational Research, 75(4),
531—566.
Mennin, S. (2007). Small-group problem-based learning as a complex adaptive system. Teaching and Teacher Education,
23, 303—313.
Miller, G. A. (1956). The magical number seven, plus or minus two: Some limits on our capacity for processing
information. Psychological Review, 63, 81—97.
Newman, D., Griffin, P., & Cole, M. (1989). The construction zone: Working for cognitive change in school. New York:
Cambridge University Press.
Novak, J. D., & Gowin, D. B. (1984). Learning how to learn. New York: Cambridge University Press.
Pea, R.D. (1993). Practices of distributed intelligence and designs for education. In G. Salomon (Ed.), Distributed
cognitions. Psychological and educational considerations (pp. 47—87). NY: Cambridge University Press.
Posner, G.J., Strike, K.A., Hewson, P.W., & Gertzog, W.A. (1982). Accommodation of a scientific conception: Toward a
theory of conceptual change. Science Education, 66, 211—227.
Reigeluth, C. M. (1987). Lesson blueprints based on the elaboration theory of instruction. In C. M. Reigeluth (Ed.),
Instructional theories in action: Lessons illustrating selected theories and models (pp. 245-288). Hillsdale NJ:
Erlbaum.
Reigeluth, C. M., & Stein, R. (1983). Elaboration theory. In C. M. Reigeluth (Ed.), Instructional-design theories and
models: An overview of their current status. Hillsdale NJ: Erlbaum.
Reiser, B. J. (2004). Scaffolding complex learning: The mechanisms of structuring and Problematizing student work.
Journal of the Learning Sciences, 13(1), 273—304.
Resnick, M., & Wilensky, U. (1998). Diving into complexity: Developing probabilistic decentralized thinking through roleplaying activities. Journal of the Learning Sciences, 7(2), 153—172.
Rogoff, B. (1990). Apprenticeship in thinking: Cognitive development in social context. New York: Oxford University Press.
Rogoff, B., Goodman Turkanis, C., & Bartlett, L. (2001). Learning together: Children and adults in a school community.
New York: Oxford University Press.
Rumelhart, D., & McClelland, J. (Eds.). (1986). Parallel distributed processing: Explorations in the microstructure of
cognition. Cambridge, MA: MIT Press
Sabelli, N. H. (2006). Complexity, technology, science, and education. Journal of the Learning Sciences, 15(1), 5—9.

Salomon, G. (1993). Editor’s introduction. In G. Salomon (Ed.), Distributed cognitions. Psychological and educational
considerations (pp. xi-xxi). NY: Cambridge University Press.
Shalizi, C. R. (1997). Dissipative structures. Retrieved 7/29/08, http://www.cscs.umich.edu/~crshalizi/notabene/dissipativestructures.html.
van Merriënboer, J. J. G., & Kirschner, P. A. (2007). Ten steps to complex learning: A systematic approach to fourcomponent instructional design. Mahwah, NJ: Lawrence Erlbaum.
Van Merriënboer, J. J. G., Clark, R. E., & de Croock, M. B. M. (2002). Blueprints for complex learning: The 4C/ID-Model.
Educational Technology Research & Development, 50(2), 39—64.
Varela, F. J., Thompson, E., & Rosch, E. (1991). The embodied mind: Cognitive science and human experience.
Cambridge, MA: MIT Press.
Volk, T., & Bloom, J. W. (2007). The use of metapatterns for research into complex systems of teaching, learning, and
schooling. Part I: Metapatterns in nature and culture. Complicity: An International Journal of Complexity and
Education, 4(1), 25—43.
Volk, T., Bloom, J. W., & Richards, J. (2007). Toward a science of metapatterns: Building upon Bateson’s foundation.
Kybernetes, 36(7/8), 1070—1080.
von Glasersfeld, E. (1995). Radical constructivism: A way of knowing and learning. Washington, DC: Falmer Press.
von Goldammer, E., & Paul, J. (2007). “The logical categories of learning and communication”: Reconsidered from a
polycontextuaral point of view: Learning in machines and living systems. Kybernetes, 36(7/8), 1000—1002.
Vygotsky, L. (1962). Thought and language. Cambridge, MA: MIT Press.
Wenger, E. (1998). Communities of practice: Learning, meaning, and identity. New York: Cambridge University Press.
Wilson, B., & Cole, P. (1992). A critical review of elaboration theory. A paper presented at the annual meeting of the
American Educational Research Association, San Francisco, April.

