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Abstract:  We describe some standard ideas from typical educational psychology courses taken by pre-service teachers, and both extend and illustrate them with touchstone situations from physics teaching practices and Physics Education Research (PER) literature.  We attempt to make educational psychology ideas appealing, interesting, relevant and immediate for future physics teachers, and introduce physics pedagogical content knowledge from PER into the professional vocabulary of these new colleagues to be.

This talks available online at http://physicsed.buffalostate.edu/pubs/UHelsinki/Tampere2010.doc
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· Example of extraordinary discourse (3:20 RTOP4.mov)

· Conclusions

· Bibliography

· Thanks
The Big Idea:

(This is really focused at US practice, but I suspect it to be quite interesting and probably relevant to Finnish physics teachers.)

Educational psychology (Ed Psych), like several education courses taken by future teachers can often be seen as irrelevant, uninteresting and trivial to pre-service physics teachers.  The Ed Psych course is universally taught by faculty who have never been physics teachers to a generalized audience or pre-service Language, History, Art, and Elementary Teachers, with few pre-service secondary science and mathematics teachers, let alone pre-service physics teachers.  Texts used are typically generalist texts without physics references.

But ed psych is important in developing insight into learners.  New physics teachers are often not experienced enough to appreciate most of their educational theory and tend to prize disciplinary and applied knowledge prescribing actions they may immediately use in the physics classroom.  We would like to help these pre-service physics teachers bridge the gap between education theory and physics teaching practice, develop some reflective skills, develop their Physics PCK and develop some appreciation of the physics learner.

Note that Ed Psych is learner-centered, not discipline centered.

Definitions; aphorisms for learner-centered instruction

PCK (Pedagogical Content Knowledge) 
(Shulman, 1986, 1987)
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Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching. Educational Researcher, 15(2), 4-14.

Shulman, L. S. (1987). Knowledge and teaching: Foundations of the new reform. Harvard Educational Review, 57(1), 1-22.

For the remainder of this paper the content will be physics.

Some possibly relevant trite aphorisms regarding learner centered instruction and classroom practice:

We don’t teach physics; we teach people.

The goal is not for us to be brilliant or entertaining physics teachers; the goal is to foster meaningful learning about physics in our students.

Two Ed Psych texts closely examined:

Gage, N.L. & Berliner, D.C. (1992).  Educational Psychology, 5/e.  Houghtin Mifflin: Boston.  (copy obtained Oct 2010 from Helsinki Metropolitan Library, HelMet 38GAG; current is 6/e.)

Woolfolk, A.E. (1998).  Educational Psychology, 7/e.  Allyn & Bacon: Boston.  (Copy obtained Oct 2010 from U Helsinki Minerva Library; current in 2009 is 11/e.)

Other similar texts with title “Educational Psychology”: Moreno (2010, 1/e); Omrod (1020, 7/e); Slavin (2008, 9/e); Sternberg & Williams (2009, 2/e); Santrock (2008; 4/e).  
For the record, this was similar to reviewing intro physics texts; the text books were pretty much highly generalized clones espousing a very standardized canon -- instead of Ch 1 about units and measurement and Ch 18 or19 being electric charge; here Ch 2 or 3 was about human development; all had a section on individual differences / differentiated instruction; all had sections on assessment and testing, instructional planning and management and all seemed pretty broadly focused on K-12 students with examples mainly from the first six years of school.

So what’s typically in the texts about learners?

PIAGET

VYGOTSKY

With a strong elementary school focus, and rather thoroughly culled to this focus.  Some of the most valuable thoughts of these (P & V) with regard to science, mathematics and physics are simply missing.  Highly digested and shaped for elementary teachers.

PIAGET!
What’s there: 

Genetic Epistemology / Psychogenesis --  Accommodation, Assimilation, Self-Regulation 
SHARPLY RESTRICTED &ANTIQUATED
STAGES (A VERY BIG DEAL! – weirdly accentuated)

What’s missing:
Loads of early career physics and math titles; articulated strategies for later stages (Hypothetico-Deductive Reasoning IS the basis for scientific thought); neo-Piagetian thought; use of late career ideas with physicists (Psychogenesis and History of Science: Inter, Intra and Trans reasoning); social / cultural determination of stage limitations E.g. $ and math)

What’s there that is immediately USEFUL to physics teachers:

Assimilation and Accommodation

What do physics teachers need?  

Extend / update A&A with:

Piaget, J. & Garcia, R. (1989). (Trans H. Fielder; orig 1983). Psychogenesis and the history of science.   New York: Columbia University Press.
VYGOTSKY 
What’s there:
 Social Learning; Zone of Proximate Development (ZPD)
What’s missing:
 More on centrality of articulated and negotiated language

Discourse management

Note that Thought and Language; easy relevant reading (Piaget is not so much)
WHAT’S MISSING THAT PHYSICS TEACHERS NEED?

Arons (basic definitions and implicit complexity; operational definitions; kinesthetic learning; notation and learning)

PER (Physics Education Research) literature
NOS (incompleteness, testability, Patterns in Nature)
Inquiry

SER literature; Modern Science Teaching

Problem Solving vs. Conceptual learning and instruction
Piaget, Jean (1896-1980).  Towering figure in developmental psychology; invented genetic epistemology trying to explain the growth of knowledge (started as a biologist).  His long-career thoughts (60+ books; 500+ papers; 31+ honorary doctorates) on learning are summarized in one biography as …a progressive construction of logically embedded structures superseding one another by a process of inclusion of lower less powerful logical means into higher and more powerful ones up to adulthood (www.piaget.org).

Early Piaget:  Organization, Adaptation, Assimilation, Accommodation, Equilibriation and Disequilibrium.

People are born with the tendency to organize their thinking into psychological structures, which are used to understand and interact with the world.  Simple structures (called schemes or schemata) are the basic building blocks of thinking.  As the individual develops and learns, schemes develop, are assembled, combined, coordinate, interact, evolve, compete, subsume and supersume one another as the behavior becomes better suited to the environment.

Two basic kinds of processes are featured in this adaptation to their environment: assimilation and accommodation.  Assimilation takes place when existing schemata can make sense of the world.  For example, a child may call a skunk [or in Finland a squirrel or rabbit] “kitty” (Woolfolk, 1998 p29).  Children match existing schemata with new experiences.  Accommodation requires the change of existing schemata, for instance earning to suck juice from a squeezable plastic box is different than sucking from a rigid glass bottle – one must learn to initially avoid squeezing the box and later to coordinate squeezing and sucking (ibid).  Thus the schemata for straw use is modified and extended through accommodation.  Experiences are continuously filtered to fit the kind of thinking schemata an individual is doing at any given time. Sometimes, if an experience is too foreign, neither assimilation nor accommodation can take place, and the experience is ignored.

According to early Piagetian theory, individuals continuously engage in organizing, assimilating and accommodating in a procedure called equilibriation something akin to a chemical equilibrium.  People continuously test schemata and their schemata evolve and are rebalanced as development and learning take place (possibly like bone homeostasis remodeling – continuous demineralization and re-mineralization in a living skeleton).  If existing schemata don’t work and we recognize this, disequilibriation exists and we are uncomfortable, and try to accommodate and assimilate differently until we can relieve the tension.  This is somewhat akin to dealing with a discrepant event in conceptual change theory.
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Although the examples given by Woolfolk are extremely simple, they are intended to be accessible to all teachers, particularly elementary teachers and non-science teachers Physics relevant examples of assimilation can be developed by transforming the skunk or squirrel as kitty example.  For instance, one might be predisposed to classify all furry animals of a given size range into the single category of ‘kitty,’ but closer examination reveals that there are many furry animals of this size range including but not limited to rabbits, squirrels, chipmunks, raccoons, minks, ermine, foxes, and skunks, each with unique evolutionary traits, ecological niches, reproductive strategies, energy budgets (metabolic strategies and diets) and genomes.  A careful observer sees many more physical characteristics (individual appearance and description) of the individual animals themselves (shapes, colors, behaviors, physical injuries), then an observer develops abstract concepts describing these physical characteristics (species wide characteristic anatomy and behavior, recognizing both white and brown rabbits may be the same rabbit at different times of the year) and finally grand abstract themes across these species (like ecological niches, energy budgets and differential evolution of the genome for each animal).

To develop a physics example, start with an interesting, rich and commonly taught physics topic – projectile motion.  Projectile motion as we teach it was well described by Galileo in his Two New Sciences (1683):

“Thus there emerges a certain motion, compounded from equable horizontal and from naturally accelerated downward motion, which I call projection.” 

Galileo Galilei, (1683).  The Two New Sciences, translated by Drake, S. (Madison: University of Wisconsin Press, 1974), p 217. 

And usually projectile motion is meant to describe a particular model of motion combining constant vertical acceleration downwards together with constant sideways velocity producing the classic parabolic motion.  At first glance, people might consider all thrown objects flying through the air to roughly behave the same.  Upon closer examination, some behave oddly – balloons don’t throw like baseballs which are different in flight than soccer balls or American footballs, parachutes and leaves, golf balls and rifle bullets all behave differently.  When characterizing these objects it appears that mass, shape, spin and velocity all play a role and one must first build a simple model neglecting mass, air resistance and spin and shape, then use this idealized (the classic Galilean) model to approximate the motion of true projectiles.  Thus we characterize motion, develop abstract concepts, decide what to approximate and what to neglect and we generalize.  My claim is that this part of examining projectile motion resembles assimilation.  

Later, these neglected properties must be re-examined to extend our model through accommodation by developing new ways to treat air resistance, deciding when air resistance is negligible, laminar or turbulent, deciding when we can no longer treat the earth’s gravitational pull as a constant vector (and eventually deciding when to replace our parabolic trajectory with an elliptical path).  We move to an orbital path (as first described by Newton in Principia), and explicitly teach this is introductory physics usually both under the topics of uniform circular motion and again under gravitation.  These are all standard accommodations within the introductory physics curriculum, and represent explicit discoveries and recognition of the domain and range of the classical projectile motion model.

Piaget’s final book, perhaps a culminating work and possibly the one of greatest interest to science educators (Carey, 1985 & 1987; Franco & Colinvaux-de-Dominguez, 1992) was written with a physicist named Rolando Garcia (1983):

Piaget, J. & Garcia, R. (1989). (Trans H. Fielder; orig 1983). Psychogenesis and the history of science.   New York: Columbia University Press.  

In this work, the authors advance psychological theory for the development of proto-scientific and scientific knowledge in individuals that they then map onto historical activities advancing the history of science and mathematics -- on the topics of pre-Newtonian Mechanics and momentum transfer, geometry and algebra.  This teary advances the mechanism of equilibriation referred to earlier and identifies three (!) stages of transition from an INTER-objectal schema to a INTRA-objectal concept and finally a TRANS-objectal conception.  The examples of the kitty and the projectiles have been written to portray this three stage (inter-, intra- and trans-) mechanism. 

I argue that this is not a bad way to analyze student learning of rich introductory physics concepts – we study the motion of objects and our students start with the general observation that motion seems to require force.  Only by carefully observing and characterizing object motion to identify mass, speed, velocity and acceleration first of individual objects, and then abstracting these properties and that of force for all objects and then finally developing trans-object relationships can we build Newtonian models of motion, and we must establish the force of friction to achieve Newtonian thinking.  Finally, we must go back and re-examine our assumptions domains and ranges of the models to determine what to do with neglected quantities like friction and air resistance.

Another example is that of elementary electrostatic phenomena, which are extremely conceptually rich.  In this case, students have little or no close observation of rich electrostatic phenomena and must replicate a number of historic observations with modern materials (styrofoam plates stuck to a wall, string and sticky tape, hanging balloons and coffee cups etc; see the modeling physics curriculum at <modeling.asu.edu>).  Behaviors of particular objects (inter-object) can be observed and then characterized into classes beyond particular objects  (intra-object) then and then abstracted as trans-object concepts (like fields).  In the case of electrostatics, it makes a great deal of pedagogical sense to re-examine and significantly extend the trans-object concepts previously developed by individuals to explain gravitation phenomena (gravitational force, gravitational potential energy, gravitational work and especially gravitational field) near and far from a spherical Earth, then eventually within a hollow Earth and then re-apply the trans-object schemes to electrostatic phenomena such as electric and gravitational fields, electric potential, potential energy and work (Saeli & MacIsaac, 2007).  Traditionally Gauss’ Law applications in physics is done the other way – developed first with electrostatic examples and then extended back to gravitation – space flight within clouds of dust etc.

Piaget’s Stages (after Woolfolk, 1998):

Context:  Piaget’s stages are really strongly developed in Ed Psych mainly because they strongly describe student development at ages corresponding the lower grades levels of school.  Some (Carey 1985, 1987) have claimed that the focus on stage theory has resulted in neglect of more important work, …namely Piaget’s search for parallels between ontogenetic and historical development (Carey, 1987, p144).

	Stage


	
	Characteristics


	
	Physics interest?
	

	Sensori-

Motor

Stage 

(0-2yrs)


	
	Begins to use imitation memory thought; 
develops object permanence; 
moves from reflexive – goal related behavior


	
	Cannot reverse reason; lot of rich stimuli with world and self


	

	Pre-

Operational

Stage

(2-7yrs)


	
	Language and symbolic use starts; 
has difficultly with points of view (self-referential); 
one directional logic


	
	Practice descriptions, observations, predictions, explanations
	

	Concrete 

Operational 

Stage

(7-11yrs)


	
	Can solve hands-on problems in logical fashion; has conservations laws, 
can classify and seriate; 
understands reversibility.
	
	Can measure volume by fluid displacement; density
	

	Formal

Operational 

Stage

(11-adult)


	
	Able to solve abstract problems in logical fashion;

Hypothetico-deductive reasoning;

Social concerns with others, identity
	
	Not all folk get here in all areas!
	


Implications for physics teachers:

Significant learning takes time, and is at times erratic.

Introductory physics instructors don’t care much about early stages professionally in day to day work, though some will prepare pre-service grade school teachers for early stage children or may advise or visit with such teachers and their classrooms.  And (even!) physicists sometimes have children.

For earlier stages (preoperational), use lots of concrete props, visual aids, multiple representations and short instructions.  Don’t expect consistency.  Word meanings are often unclear and vicarious.  Perform lots of hands on practice.  Develop as wide a variety of experience as possible.  Practice using words like vertical, horizontal, up, down, North, South. etc  Practice measuring.

As students age (concrete operational): still concrete materials as props and manipulatives, and visualizations for complex or sophisticated material; use familiar (relevant) examples; provide explicit practice in logical analytic reasoning.  Practice seriation, classification, measurement and representations.  Try tracing your hand and counting squares to determine surface area (Arons).  Practice graphing, more practice measuring.

Still later (formal operational): provide opportunities to explore hypothetical questions and move back and forth between real world concrete manipulatives and familiar objects to abstracted or idealized examples (computer simulations are very helpful; also moving back and forth between qualitative and quantitative examples); can teach broad concepts rather than specific examples and simple facts.  Regular expectation and practice of hypothetico-deductive (scientific) reasoning in familiar and then unfamiliar conceptual settings.

Note that Piaget noted that people achieved these stages somewhat vicariously, and didn’t have all conservations in all settings at once.  Also these stages are somewhat culturally modified; E.g. street children can develop phenomenal facility with financial calculation from earlier ages.

The big idea:  Lots of concrete object practice, familiar concepts and settings when possible.  For instance, students will need to actually drop (ideally familiar) objects of different masses to uncover standard and complex abstract concepts in free fall like all objects fall the same distance at the same time, and accelerate at the same rate (F = ma = mg = W; so a = g).  Common plastic water bottles filled with different amounts of water can be physically felt to have different weights yet be observed to fall at the same rate.  Dropping a large text and sheet of paper (both flat and then crumpled) can start to develop ideas about when air resistance is negligible and when it is not.  

Pushing skateboards, toy cars and bowling balls is preferred, and sometimes absolutely necessary – I have video showing students making predictions that a bowling ball must be struck with a rubber mallet tangentially to produce a circular motion; students actually see this expected behavior and their close attention must be called to the radial strikes (perpendicular to velocity) of the ball lest their theory overwhelm direct observation.  

Several of these ideas are strongly developed by Arnold Arons as what he calls kinesthetic reasoning (1997).

Vygotsky, Lev S. (1896-1934).  Towering figure in cultural-historical psychology (aka socio-cultural theory), during short lifetime (37yrs) invented, developed much of Soviet Union education system.  <http://www.marxists.org/archive/vygotsky/>
Ed Psych texts: Zone of Proximal Development (or ZPD); and the centrality of language to thought and thinking.

ZPD: The idea roughly is that tasks to be learned by human beings can be categorized in three ways – things that the student can do already, things that the student cannot do even with assistance, and things that the student can do with assistance of others (either instructors, or in collaboration with peers).  The latter is called the ZPD for a student, in developed versions of Vygotsky’s ZPD a process called scaffolding is often used to describe how a student’s learning – student ability to do certain tasks both alone and with others advances grows more complex like a building being constructed via scaffolding.  The ZPD is the area under construction being supported by the collaboration of peers, and as the building is built the scaffold advances.  Note that in a single group, it is possible for all students to collaborate in such ways that all continue to support one another while their scaffolds can be at different levels and they learn different things at different levels.

The use of the ZPD to learn is predicated upon centrality of language in thought:

Thought is not merely expressed in words; it comes into existence through them.
Lev S. Vygotsky, Thought and Language, p 218

Big idea: Thought and language are two sides of the same coin; both are required for completeness and to support the other.  Growth in thought is predicated upon and supports growth in language; advanced language requires and supports advanced thought.

The Dilemma: Who does most of the talking in the physics classroom?  Who is there to learn physics?  How do we get students to do most of the talking and learn this material?

One solution: Advanced student discourse in Modeling Physics (Megowan, 2007).  [watch for these in the video RTOP4.mov]

- teacher manipulates student learning trajectories without direct instruction by requiring and fostering advanced student discourse by sometimes Machiavellian means

- explicit discourse strategies and training (whiteboards to anchor discourse; whiteboard circles or “board meetings;” culture of sharing the air; teacher stays out of the whiteboard circle)

- sharply limited formal instruction; sharply reduced explicit direction; deliberately “seeding” only certain groups with parts of solution that must be exchanged in whole class interactions

· explicit vocabulary control: greatly restricted use of jargon and delayed verbal formalisms (Cf. Arons: concept before label)
- rare and carefully gauged verbal interactions with instructor

- sharply reduced closure but lots of “zooming in” and “zooming out;” carefully selected instructor warranting of knowledge

- tightly focused powerful rich, developed and open ended curricular activities using PER insights; “deliberate sabotage”

- use of few but powerful select tools (modeling, appropriate representations like pie charts) as Just In Time Teaching (JiTT)

Conclusions:

This is a very early work in progress, thanks for your patience and feedback.
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