4 Geschichte der Lernmaschinen

4.1 Vorgeschichte
4.2 Behaviorismus: Programmierte Unterweisung

4.3 Kognitivismus: Instruktionsdesign, h
Intelligente Tutorielle Systeme

4.4 Konstruktivismus: Mikrowelten, situiertes Lernen
4.5 Hypermediales Lernen und Web-Based Training

Literatur:
A. Holzinger: Basiswissen Multimedia Band 2, S. 193 — 198
R. Schulmeister: Grundlagen hypermedialer Lernsysteme, Kap. 5 + 6
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CAl, CBT, CUU, ...

e Akronyme:
— CAIl = Computer-Aided Instruction
— CBT = Computer-Based Training
— CUU = Computer-unterstitzter Unterricht
« Unterscheidung CAI/CBT:
— In Teilen der Literatur:
» CAIl = Behavioristische "Drill"-Programme
» CBT = Programme mit kognitivistischen Elementen
— Haufig keine wirkliche Unterscheidung im Gebrauch der Begriffe!
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Grundidee kognitivistisch orientierter Systeme

» Feedback:
— Lerner erhélt individuell abgestimmte Riickmeldung
— "Assistenz"-Funktionen zum Erkennen von Fehlern
« Adaptivitat:
— System versucht Informationsangebot an aktuelle Situation (Wissensstand,
Abarbeitungsstand) anzupassen

» Die Grenze zu reich behavioristischen Systemen ist flieRend.
— Grundlegendes Interaktionsprinzip ("Frames", Frage-Antwort-Dialoge) gleich
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Examples from TICCIT (1)

Cl PO | NUMBER LINE OPERATIONS
HO THE NUMEBER LINE

If we think of a straight line as a
collection or set of points, we can
associate all the numbers of

arithmetic with points on the line

Such a line is called a

POETIC METER

1 what makes a poem a poem?

T T T 17T 1T T 1
ot 2435 6 7 8 9 10 why is a poem different from prose?

PRESS --» KEY TO YIEW THE NEXT PAGH| Mame one characteristic of a poem?
PRESS --» KEY TO WIEW THE NEXT PAGH

RHYME is an characteristic.
Can you name another? [m

[PETIREFEATS
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In the passage below, the pronoun in green
Exam pIeS fro m TICCIT (2) agrees with its referent in light blue.

Here is the general rule
for grammar-referent agreement.

Neither John nor Heriry brought his
coat  to the ball game.

A pronoun agrees in number
with its REFERENT. Singular
referents take singular . . .
pronouns. Plural referents This can be reviewed in lesson 4.2
take plural pronouns.

Singulaar referents which

T EXarP 1 easy page 1/1
have no sex indicated take
the generic pronouns him/he/his.
RULE page 1/1 Edit any pronoun in the passage below that

doesn't agree in number with its referent.
If all pronouns are correct, press ENTER.

* TICCIT lessons were
designed according to Merrill's
CDT

Several of the mechanics brought his tools.

FPRACT 3 easy page 141
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Component Display Theory

* M. David Merrill (1983): CDT (Component Display
Theory)

— Basic ideas already used in the TICCIT-System!
» Performance/content matrix:

— Level of learner
performance

— Types of content
« Presentation forms:
— Rules
Examples
Repetition
Practice

FIMD

UsE

FEMEMEER

LEMEL OF PERFORMAMCE

FACT COMCEPT PROCEDURE PRIMCIFLE
TYPES OF COMTEMT

« Revised and extended theory by M.D. Merrill:
— Instructional Transaction Theory (ITT)
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Non-Computerized CDT Example

There are several important events in the invention of the microscope. You will be
required to remember each of these events.

Learning Tip: Use the following cards for drill. Look at the front and say the
information on the back. Shuffle the cards and try again. Repeat until you make no

mistakes and your answers are immediate.

Front

Back

First magnifying glass
What?

Glass globe filled with
water

First magnifying glass
Who?

First solid glass lens
When?

First compound microscope
Who?

First compound microscope
When?

Used by engravers

Late 1200's A.D.

Zacharias lanssen

About 1590 A.D.
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Anderson's ACT (1)

« "Adaptive Control Of Thought" (Andersen 1983)
< Human cognition understood as a network of linked propositions

« Example: Pascal Tutor

Write & Pascal program which reads tn o temperalure and reporis whet tne
wrather 18 ke, IT the tempersture 15 sbove S0, prin oul Lhe word * hat ©
Print the word * celd * {f Lhe Lemperalurs I8 below 30. If 1118 batween the
exirames, print * miig*

For wxampls ;

whiat 13 the Lemperalure? 100
nat

=== Code Ine Tinal 8c1ien of & conditions!
e Conatant 25 e ergument 1o & conditionsl
CE==m ) Verishls 84 an ergumeat 19 8 conditions}
ST Code on ELSE cose
EEESET) Report sometning o5 1he conditional’s sction
T Report success o Tellurs of 4 test

Checklemp

-

Typo-in: |

Hint
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Anderson's ACT (2)

Froblem Slatemenl Sk M tar
write & Pascal progrom which rasds in 8 lempersiure snd reperly whal (he e Code Lha Tinal sclion of & condilional
wadlhee 15 WkE, 0 Lhe 18mprsture 15 sbavi $0, praL sul thi word * het * ) Congiant 84 an argument 1o 8 cordilionsl
*rint the word * cald * If the temperature 15 below 300 11 1L Is balween Lhe TR Variable 55 sn srgument Lo & congllions!
mbremes, print ~ milo ) Code an ELSE cose

: ) Feport somathing o Lhe condilionsl’s ecticn

3 UEEEEE————) Repart success of fallure of & Lest
or dxsmple

Whal 18 (he lemoerature? 100
ot

Checklemp Meny
= 1
Tt — 14
PROGRAH MVCHECKETEHP [INPUT, QUTPLT), ::::“'w'!
ADECLARATION-SECT 10N, AW eis
Lasih) WF ciegts THEN ELSE
ESTATERRT0Y
Type-in:
Prompt the user for the Lemperniure.
|
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Instruction Design

* Has been promoted in two waves ("ID1" and "ID2")
e Generally oriented towards theories
— Practical realization not very different from behaviorism-based systems
— Strong prescription of various categories of information/interaction
» Deductive approach
— From goals through methods to learning processes
— Goals are fixed and cannot be changed or challenged
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Adaptive Instruction

» Macrolevel adaptation:

— Selecting a few main components such as instructional goals, depth of
curriculum, delivery system

e Aptitude Treatment Interaction (ATI) approach:

— Adapt learning methods and procedures according to learner characteristics
(apitudes)

— Cronbach & Snow (1977): Aptitude = individual characteristic of the learner
that increases or impairs probability of success

— How to measure aptitude variables?
(intelligence, prior knowledge, cognitive styles, motivation)

« Microlevel adaptation:
— Adapt to learner's needs during instruction session
— Feedback not only based on answer but on derivation path to answer
— Example: "Minnesota Adaptive Instructional System” (MAIS)

» Stochastic model to compute level of competence after each learner
interaction
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Intelligent Tutoring Systems (ITS)

« Combining Artificial Intelligence (Al) and education methods
— ldeas from the 1960s, implementation in the 1980s
« Key characteristics:
— Representation of domain knowledge, modeling of student + adaptation
— Mixed initiative: Student can ask questions
« Typical interaction techniques:
— Socratic dialogue: System guides learner by (adaptive) questions
— Coaching: Assistence function in background until requested
— Learning by doing: System closely guides learner through activities

— Learning while doing: System passively observes learner and gives
occasional hints

Knowledge representation:
— “Black box” (weaved into in code)
— “Glass box” (transparent mechanism)
» Semantic network (e.g. in SCHOLAR)
» Expert system (e.g. in GUIDON)
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History of Intelligent Tutoring Systems

— Socratic dialogue (asking the learner)

— Mixed initiative

SCHOLAR (Carbonell, Collins et al. 1979): Geography

» SOPHIE (Burton, Brown et al. 1982): Electronic Circuits
— Computer simulation of faulty hardware, strategies to find errors
* BUGGIE (Suppes 1981): Mathematics
— ldentification of misconceptions using wrong (buggy) problems
« GUIDON (Clancey 1983): Medicine
— Based on expert system MYCIN
— Diagnose of diseases by natural language dialog
¢ MAIS (Tennison, Park 1987)
e Geometry Tutor (Koedinger, Anderson 1993)
* ISIS (Meyer, Miller et al 1999)
— Ecology, simulation-based
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Architecture of an ITS

Problems

Teaching
content

Tutor Model
(Educational
Strategy)

A
Performance

level

Expert Model

Learner Model

(Knowledge)
N
Evaluation
Expert
solution Diagnosis

New material
Feedback
Tasks/problems

Communication Model
(Interface)
User
interface

Student's
solution
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Learner Models

¢ Main approaches:

— Subset model (or overlay model): Which subset of the expert knowledge has
been mastered?

— Difference model: Which are the differences between expert solution and
learner solution?

¢ Functions of learner models
— Corrective function

Elaborative function

Strategic function

— Diagnostic function

Predictive function

Evaluative function
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Example: GeoTutor, 1992

e Sample Dialogue:
e **| et's talk about Western Canada
— Fine. What is the capital of British-Columbia?
e **Vancouver.
— No, the capital of British-Columbia is Victoria.Where is Victoria situated?
e **| et's discuss Banff.
— | do not know Banff. Is Banff the name of a place?
e **Yes, Itis atown.
— Where is Banff located?
e **|n the Rocky Mountains.
— Is Banff in British-Columbia or in Alberta?
e **|nB.C.
— What is the population of Banff?
e **5000.
— What other towns are near Banff?
« ** Tell me about Victoria.

— Victoria is situated on Vancouver Island. It is the second largest city in British-
Columbia. What else would you like to know?

Ludwig-Maximilians-Universitat Miinchen Prof. HuBmann Multimediale Lehr- und Lernumgebungen — 4-28




Example: ANDES Physics Workbench, 2001

For Help. press F1

" ANDES Physics Workbench - [dt5a-S olution. fbd] (ol ]
[ Fie Edt Disgam ‘“ariable Yiew Help RS
=R 5=e] elw] 2] w-fm0]E]]
i o Variables |
bt A 2000-ky car in neutral at the top of a 20.0 deg inclined
£ driveway 20.0 m long slips its parking hrake and rolls down. HName | Definition [oir [ .. [v-Comp
Assume that the driveway is frictionless. [22 70 carstatsoling
b 2 T1  carhits garage door
= What is the magnitude of the velocity of the car when it W ome massof car 5
—1| hits the garage door? W« axis =200
a b d magnitude of the Displacement of car at fime T to T1 02000 ok dw
7 W/ Fw  magnitude of the Weight Force on car attime TOto T1 dus to Eath  8Fw=270° Fu_x Fu_y
P'|| Answer:
—
® Y
& / < | =
x 20m =
+ g
%’ o 1. [me=2000kg =
,i / - 2 [d=200m
d 3. [Fuy=mc'g 1
w 4
T: Now that you have stated all of the given information, | 2
wyou should start on the major principles. What quantity is 5
the problem seeking?
8: The magnitude of the instantaneous Velocity of car at 2
time T1 . a
. http://www.andes.pitt.edu/
T: That's right. What is the first principle application that -l
you would like to work on? Hint: this principle application g
will usually be one that mentions the sought quantity
explicity. Therefore it's equation may contain the sought 10
quantity that the problem seeks. 5l =

[ NOM 00:43.09 [SCORE: 33
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Example: EarthTutor, 2005 (1)

GotoCad Took
3 Lab 1 Intro b0 Insge Prosessng ussg S Swhor Troporaturs 4

Why Study Sea Surface Temperature

Eatt's clame as romasned ey wchanged for comune
Thet o8 bacause the sources of hout ad water thit mter the
atemgaphere have bess apprmoemately equal 10 the amouty of heat
sl waber 1t are pemoved from the wsnsophere Today,

aibre of gebiouse gar
it the airmosphere may be changng slmospheic lmperatre
Conitions such thak the balince between heat ganed and heat lost
s shiftang. Thes tresed, eefiered 10 ¢ chenate change, has moey
semists o

b cattand, eeres

g,

e

You meght be thirdang, wht do the ocens have to do with
chmate? The oomns e the smospere e closely ked and
*dymure: dua® o ghsbal chmate. Ot which cov ove
erh and releuse masee amoents of
hest Scientirts heleve that chmate is related 10 the way the ocmes
store asd trangport hent. One way Foioniists sady poouss hea
trmnspint 2 by Inclang ol Lsperabar messuraneti of the oton
aface, deo known a Se Swrfuce Topawan (35T)

In thes kb you will Jearn the basics of image processeg and
iRcrpretation of satelits sages usmg S5T data. Specfically, you
wi

® Use lmage! 10 open asd mcw
® Unamrnd the parss of @
 Baociome fursbi with [aged

GotCad Took
[ L 1 Btrn s Irenge Processeg weng Sm Durfuce Tonperstre

Daily vs Monthly Images

Thark aboat temporal rescbotion for o marvate Wt hands of

[T

st sl o s beoe
Gregraptec dffermces 0 55T

O Sensornl chunges 1 55T

(O Yty chianges i 55T

) Hamcane mdied SST chacges
‘Hene of the sbove.

Flenre discurs the beneits and drawtacks of mantann
ceun imrperature usng daly mnages rrvus g mon
g

Earth science
(remote sensing),

in particular usage of
image processing
software from NASA
and NIH

ort Card for Lab

Report Card

Student Jans Doe

Lab. The Buologes Respunse Lo Upwellng
Teme started (last cesgion only) 120 PM
Tene firsshed (Jast sessiom only). 715 PM

Overall:
 BE cards comglele
® 100% questions comect

This raport ooty thehades quadstions that the shadot has
aiterrpted

Student’s Essays:
® Card 3 Surnmer Cubforms Seasoral Chlorophyldl Palterns
© Question 4.3 How does he do the June chicrophyll

comeemtrations Worg e shore and offshore compare
t0 the concentrations i January?
much higher concentrations in june

® Card 5. Chlorophyll Plumes

© Question 6 5 In the last lah you measared a 55T

sl be e e bo eelendd pogeble S0 ks
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Example: EarthTutor, 2005 (2)

% EarthTutor - Oceanography

Calibrated Values

=l

(T L 1 Btru g Irenge Processng weng Sm Gurfuce Tongerature

 Exrc =)
GotoCad Took

T Lab | b tn deage Froceseng useg Sen Surfuce Tomperatire

4 24 20 07 38 29 30 31 32
e

B3 10 4L 1212 1y 18 Voruy 18 L0 b o1 2a g0 0
Hea'Surface Temperature (]

Making a Measuremen

_| http://www.stottlerhenke.com/

earthtutor/

| < rovenn |
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4 Geschichte der Lernmaschinen

4.1
4.2
4.3

Vorgeschichte
Behaviorismus: Programmierte Unterweisung
Kognitivismus: Instruktionsdesign,

Intelligente Tutorielle Systeme

4.4
4.5

Literatur:

Konstruktivismus: Mikrowelten, situiertes Lernen -
Hypermediales Lernen und Web-Based Training

A. Holzinger: Basiswissen Multimedia Band 2, S. 199 — 203

Handbook of Research on Educational Communications and
Technology (D.H. Jonassen (ed), 2nd ed. 2004), Chapter 22

(http://aect-members.org/m/research_handbook)
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Microworlds

* “Learning by exploration”
¢ Microworld consists of:

— Set of computational objects that model the
mathematical or physical properties of the
microworld’s domain

— Links to multiple representations of the underlying
properties of the model

— Ability to combine objects or operations in complex
ways
— Set of activities or challenges
« History:
— Key idea introduced with “LOGO” (Seymour Papert) i
— ThinkerTools (White 1990): Physics activities realized in Logo

— Boxer (diSessa 1991): Logo-style programming with direct graphic manipulation
(objects as boxes)
— GenScope (1993), SimCalc (2000): Evaluations
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Example: “RollDice”

Experiment 3 dice 0 ‘D F 2 6 }B

Gotl [ Got2 | Got3 [ Got4 | Cot5 W Got6

o sl » » |12 FB ?2 izz 126 28
L Got7 | Got8 | Got9 § Gotl0 | Gotll | Gotl2
Times 200
19 (11 5 (3 |E |‘|
I I I |
Reset Gotl3 | Gotl4 | Gotl5 | Gotlé | Gotl7 | Gotl8
Graph
iph
Introduction
Convert to Percentage Instruction Page to Graphing page

|
BT 111 | T

Go to Dice page

Created with “Microworlds EX”
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Example: “Squish”

Introduction —07

Instructions Speed 11

& L

North
West East

South Play

Created with “Microworlds EX”
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Example: GenScope, 1993

(] Untitied Drag 11 gl S
[ =
= o R T
iE Sarah =] Jordan Al ok \
g \'\I bt e
RO I o) \
3 FA R |
— !
|
B ® o T
Female, Emerald Male, Bronze /
0O: — Cell: Sarah & Jordan - =H /,"'
L Meiosis v | Q o W
)|
n
w7

T

Sayah
[Lll=i]
http://genscope.concord.org/
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Games and Simulations

« Very popular in the military during Cold War...
e Types of simulations:
— Experiental simulations (e.g. flight simulator)
— Symbolic simulations (learner is observer only)
— Problem solving with simulated materials
— Virtual environments
< Educational games
— Challenge the student
— High motivation
Little empiric evidence on learning effects

Ludwig-Maximilians-Universitat Minchen Prof. HuBmann Multimediale Lehr- und Lernumgebungen — 4 - 37

Example: Sniffy the Virtual Rat

Untitled #1

t Design

G ] “Trial Types ™"
Wiew/Edit Experiment Stage 1 View/Edit Trial Type A
Next Stage Previous Stage Next Type Previous Type
New Stage ) | Delete Stage [ New Type ) | Delete Type
Interval Between Trials EMinures
Present Each Trial Type |1 |Times
First Stimulus Second Stimulus
Intensity Intensity
Low High Low Hig
Light © 5 i @shockus 0 ® O
# Tone O é 0 ; (OCSusedasUs
I Bell *) Light D €
; ) Tone J &
) Bell
) None

save )
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Situated Learning

« Embedding learning into real-life problems
— see e.g. Anchored Instruction
— Social interaction is important
« Computer-based support for situated learning?
— James Greeno (1996)
— Using computer simulations as tools
» e.g. constructing a house
— Actual learning process takes place in the group
» Problems are solved jointly
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4 Geschichte der Lernmaschinen

4.1 Vorgeschichte
4.2 Behaviorismus: Programmierte Unterweisung

4.3 Kognitivismus: Instruktionsdesign,
Intelligente Tutorielle Systeme

4.4 Konstruktivismus: Mikrowelten, situiertes Lernen
4.5 Hypermediales Lernen und Web-Based Training h

Literatur:
A. Holzinger: Basiswissen Multimedia Band 2, S. 203 — 206

Handbook of Research on Educational Communications and
Technology (D.H. Jonassen (ed), 2nd ed. 2004), Chapter 23
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Hypermedia Learning, WBT

* Web-based Training
— Realizing Computer-Based Training with Web technologies

« History:

— NoteCards 1985, HyperCard 1987

— Tim Berners-Lee 1989
Specifically (Hypermedia learning):

— Learning environments based on hypertext
< Often associated with “Self-regulated learning”
Well-known examples:

— Large hypertext knowledge collections (e.g. Wikipedia)
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Problems in Hypermedia Learning

* Reading on screen is unnatural for many readers
< Additional cognitive load on the reader:
— Making choices about how to proceed

— Hypertext may interfere with text understanding
(e.g. Shapiro 1999)

— Tutoring or “metacognitive training” helpful
» Increases transfer abilities
* Well-structured and unstructured hypermedia
— Good structure essential for beginners

— Less structure provokes a more explorative approach
(Mannes & Kintsch 1987)

e “Lost in hyperspace” (Dede 1988)
» “Keyhole phenomenon” (Woods 1984)
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