


A long time ago, the German educator Willmann (1889) defined

“teaching as the making of learning,”

inner (1954) distinguished between “the science of learning and the art of teaching.”

... when you want to teach people you must know how they learn
(cf. Bransford et al., 2004).




Learning is an extremely broad concept and there are many things to be learned.

Even the practical understanding of learning as “knowing or being able to do something
better than before” encompasses a multitude of processes —
from changes in behavior and knowledge brought about by everyday experiences up to

changes in value positions and ideologies mediated by media.

e conditions of leraning,

* task-specific conditions of situations, and

e available resources, such as media and organizational consiraints.




Everyone knows learning
must be serious and difficult
and you must remain seated
at all times. No fun allowed.




Variants of human learning (Roth, 1963):

1. Learning in which the emergence of an ability is the main goal as well as the
automation of abilities to form motor and mental skills.

2. Learning centers on problem solving (thinking, understanding,“insight”).
Learning which aims at construction, retention and remembrance of knowledge.

4. Learning in which the main goal is to learn a procedure (learning to learn, learning to

work, learning to do research, learning to look things up, etfc.).

feral to other domains is the main point, i.e. the heightening of

other Romanic languages).



Contemporary research on learning is diverse, but it always has been.

Learning is existential, and so its study must be complex and interdisciplinary.
Over the past centuries, many theories have been posited in various disciplines

o explain how humans and other animals learn.

Learning is a theoretical construct ... such as motivation, attitudes, and

teaching.



Learning is a theoretical construct ... such as motivation, emotion, attitudes,

and teaching.
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Human Learning — Cognitive dpproach

WHo? WHATY
WHERE? WHEN? HOW'™
WHY? wWHicH? How Muerd?
Elow MANY? How LoRG? How FARY
WHAT FOR? WHAT NEXT? THEN
WHAT? WY ME ?

1. They are very good at in order to

quickly settle on an interpretation of an input pattern.

Times for object recognition, counting, and selection tasks vary from 25 to 170 msec
(with 70 msec as th eaverage).
The accuracy of visual recognition improves as display times increase from 125 msec

(16% accuracy) to 1000 msec (80% accuracy).



2. Humans are very good at modeling their worlds with the aim to anticipate new states of affairs.
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Eingangs- Internale Ausgangs-
einheiten Einheiten einheiten
(Output)

Ausgangs- Internale Eingangs
einheiten FEinheiten einheite
(Output)




This cognitive architecture corresponds to Piaget’s epistemology that cognition is
regulated by the continuous interaction between assimilation and accommodation,

which aims at adjusting the mind to meet the necessities of the external world .

Schemas are slot-filler structures that serve central cognitive functions, such as

integrating information into cognitive structures, regulating attention, making




Accommodation aims at restructuring knowledge ...
.... by means of accretion, tuning, or the reorganization of schemas and their content
(Norman & Rumelhart, 1978). .

If an adjustment of a schema is not possible, i.e., if the accretion, tuning, and/or reorganization of a schema

or if no schema can be activated at all — the learner either can abandon the cognitive processing or

» a mental model.

“mental models play a central and unifying role in representing objects, states of affairs,
sequences of events, the way the world is. ... They enable individuals to make inferences

and predictions, to understand phenomena, to decide what action to take and to control

its execution, and, above all, to experience events by proxy” (Johnson-Laird, 1983, p.
397).
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Examples of schema-based learning (and instruction):

Meaningful verbal learning and the impact of advance organizers (Ausubel)

Generative learning and teaching (Witrock)

Cognitive Load (Sweller)




Learning of humans and other animals is cumulative by nature.

Learning systems, human or artificial, accumulate knowledge and abilities that serve as

building blocks for subsequent cognitive development.

improve over time.




“There has been remarkably little study of learning -- real learning, the learning of complex
topics, the learning that takes months, even years to accomplish.

| have estimated that experts at a task may spend 5,000 hours acquiring their skills: that is not such a long
time; it is 2 1/2 years of full-time study, 40 hours a week, 50 weeks a year. Not much time to become a
professional tennis player, or computer programmer, or linguist.

What goes on during that time?

Whatever it is, it is slow, continuous.

No magic dose of knowledge in form of pill or lecture. Just a lot of slow, continual exposure
to the topic, probably accompanied by several bouts of restructuring of the underlying
oresentations, reconceptualizations of the concepts, plus many hours of

nerhaps because there is

And so the study and understanding of the learning process remains at a miniscule level.



In 2000, PISA shocked the world (i. e. Germany)....

In one of the follow-up PISA-studies, PISA-I-Plus, the longitudinal change of learning

results was measured across two grades (at two measurement points).

In mathematics, the students (15 and years old) had improve their learning with
60 %, in science only with 44 % .... but 20 % had forgotten what they had

learned before.
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But a learning ,,curve is far from a straight progression:
Number of trials or attempts at learning

Capability

Traditional Learning Curve

What we should expect in general:
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“What is at issue is how such models develop as an individual progresses from novice to
expert, and whether there is any pedagogical advantage in providing people with models

of tasks they are trying to learn” (Johnson-Laird, 1989, p. 485)

yreconceptions as well as their transitions
eel, 1999,

A simple pre- and post-test measurement does not provide any detailed insight

into the progression of an individual’s learning process over time!



Standard methods of assessment within the realm of mental model research are
(a) Experimental methods
(b) Protocol analysis

(c) Computer modeling and simulation (e.g. Model it)

(d) Causal diagrams




Causal Explanation




Results of two independent studies show

1. That the instrument is highly reliable,

2. There is a high probability of change from preconceptions to subsequent models.

e in the course of continuous













The results of both studies demonstrate that this measurement of

change can be considered a suitable method of assessing the

ion of mental models







