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Introduction and Overview (Dietrich Albert)

Basic Approaches of Knowledge Representation - Knowledge Space Theory (KST):
Examples, Basic Concepts and Axioms - Competence-Based KST (CbKST):
Example, Basic Concepts - Generation and Validation of Knowledge and
Competence Structures - Adaptive Knowledge Assessment - Applications and

Projects (List)
Mathematics of Knowledge and Competence/Skill Spaces (Reinhard Suck)

Bases, Entailment Relation, Surmise Functions, Fringes - Skills and Competences:
CbKST and Set Representations - Special topics: Learning Spaces, Meshing
Spaces, Related Concepts

Applications, Demonstrations & Resources in Education (Dietrich Albert; Xiangen Hu)

Web-courses - Books and Documents — Bibliography — Software — (Adaptive,
Personalised) elLearning Systems and Investigations — Other Applications

Final Remarks and Discussion
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Some knowledge questions for you




Y Where is AUSTRIA?

raz University of Technology

*AUSTRIA flag
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Y Where is AUSTRIA?

University of Technology

sAUSTRIA Is located

of course in Europe —

because it doesn’t have kangaroos




wlTU\Where is AUSTRIA in EUROPE?

*AUSTRIA flag
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Where is STYRIA and
It’s Capital GRAZ?
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It’'s Capital GRAZ? I




mlTU How does GRAZ look like?
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s WWHAt's the Meaning of CSS? yw

= Cognitive Science Section (CSS)
* Principal scientist: Prof. Dietrich Albert
* Interdisciplinary team of psychologists,
computer scientists, mathematicians

http://kti.tugraz.at/about-kti/team/

CSS has been founded in 1993 - since 2010 CSS is located at
= Knowledge Technologies Institute (KTI)
http://kti.tugraz.at/

» Head: Prof. Stefanie Lindstaedt
= Graz University of Technology (TUGraz)

http://portal.tugraz.at/portal/page/portal/ TU Graz

¥ < COGNITIVE
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- = Our Experience & Expertise UNI

» European-wide collaboration with universities and
business partners from various disciplines

» Long term experience in international and national
projects

»Cooperative EU-Projects since 2001 in the 5th
Framework Programme

¥ < COGNITIVE



Graz University of Technology

I¥. Our R&D Projects since 2001

UNI
|__GRAZ |

weSPOT - Working Environment with Social and Personal Open Tools for Inquiry based Learning. (FP7 ICT STREP)
INNOVRET - Innovative Online Vocational Training of Renewable Energy Technologies (FP7 — LLL Leonardo Da Vinci)

RECOBIA - Reduction of the cognitive biases in intelligence analysis (FP7 SEC STREP)

CULTURA - Cultivating Understanding and Research through Adaptive Learning (FP7 ICT STREP)

IMREAL — Immersive Reflective Experience-based Adaptive Learning (FP7 ICT STREP)
GalLA — Gaming and Learning Alliance (FP7 NoE)

NEXT-TELL — Next Generation Teaching, Education and Learning for Life (FP7 ICT IP)
ROLE - Responsive Open Learning Environments (FP7 ICT IP)

TARGET - Transformative, Adaptive, Responsive and Engaging Environment (FP7 ICT IP)
GRAPPLE — Generic Responsive Personalized Learning Environment (FP7 ICT STREP)
80Days - Around an inspiring virtual learning world in eighty days (FP7 ICT STREP)
MedCAP - Competence Assessment for Spinal Anesthesia (FP7 — LLL Leonardo Da Vinci)
Repeated Comprehensiosual Search (FWF)

ELEKTRA - Enhanced Learning Experience and Knowledge Transfer (FP6 IST STREP)
Graph Comprehension (FWF)

Probabilistic Knowledge Space and Item Response Theories (FWF)

ELeGlI - European Learning Grid Infrastructure (FP6 IST IP)

iICLASS - Intelligent Distributed Cognitive-based Open Learning System for Schools (FP6 IST IP)
Kaleidoscope — TRAILS (FP6 IST NoE)

LeGE-WG: Learning Grid of Excellence Working Group (FP5 Thematic Network)

Efficient assessment of the organizational action (IHP Marie Curie Research Fellowship)
EASEL: Educator Access to Services in the Electronic Landscape (FP5 IST IP)

57
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= |ntroduction

= Knowledge Space Theory
» Application: ALEKS

= Demand Component Approach
* Application: RATH

= Competence-Performance Approach
« Application: APeLS

= Ontology-based Skill Approach

 Application: iClass
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= I[ntroduction

= Knowledge Space Theory
« Application: ALEKS

Demand Component Approach
 Application: RATH

Competence-Performance Approach
 Application: APeLS

Ontology-based Skill Approach

 Application: iClass
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General Remarks UNI
| GRAZ |

= |CT in Education needs basic and applied research: Policy
of the European Commission (EC)

= |CT in Education needs research and development not only
In technology but also in pedagogy, psychology, cognitive
sciences, and social sciences: ICT-Calls of the EC
regarding eLearning and Technology enhanced Learning
(TEL)

= The gap between basic and applied research at one hand
and good practices and applications at the other hand is
rather small: We want to demonstrate this by our talks.

= This Is the first aim of our talks
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General Remarks UNI

= Second aim is to demonstrate that real interesting and
relevant problems can be solved by using mathematics.
Once solved, the solutions can be applied in different
settings by re-interpreting the formal model

= Third aim is to demonstrate — in terms of Prof. Batchelder
— the usefulness of starting at the lowest non trivial level of
modelling. The used mathematics have not yet been
available while psychology started in 19th century as a
modern science. The founders took physics as a model
and did not know about discrete mathematics. That was
and Is a pity.




General Remarks UNI
| GRAZ |

= | ast but not least, the third aim of our talks Is
even more important:

* to Interest YOU In our approaches and

* to Invite YOU to spend some time at
Graz University of Technology for
collaborative research and development
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Classroom Teach

11

Graz University of Technology

Long Tradition
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TU, Is this the Future of
Classroom Teaching?

Graz University of Technology
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TY, Classroom Teaching
b Advantages -

= Well known and integrated into the educational
system

= High potential for modernisation
= Face-to-face interaction

- Students peers are models

- Learning strategies

- Exchanging Metacognitions
- Social aspects / Social skills

- Motivational aspects (e.g. through competing)




Private/Home Teaching

Even Longer Tradition




a1y Private/Home Teaching
- Advantages

= Personalisation and individualisation

- tailored
* [nstructions
* Course content
 Curriculum
 Learning progress

 Learning goal




TU  Private/Home Teaching
Advantages o

Graz University of Technology

= |Intensive personal contact and tutor-learner
Interaction

- Tutor supports learner in planning work

- Discussion of course content

- Tutor reacts on learners motivational and emotional states
= Flexibility

- Individual times for learning

- Individual places for learning

= etc.

¥ < COGNITIVE



BRTU s Private/Home Teaching
T the Future of Education? madh

= Of course not this traditional type of private
teaching - It Is too expensive

= However, a modern type of private teaching
may be realized and part of blended learning
settings by ....
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~weoms  Maln Questions of the Talk UNI
|__GRAZ

= How to create adaptive, individualised eLearning
systems based on psychology of learning which
adapts to the individual student’'s knowledge, needs,
decisions, self regulation skills ...

= On the other hand, how to guide the student to follow
a strict curriculum given by educational authorities,
like the teachers, the Ministery of Education etc.

= The (Competence-based) Knowledge Space
Theory [CbKST] Is used for supporting
personalised eLearning !




Balance = Flow

TU

= The American
psychologist

Mihaly
Csikszentmihalyi

IS the discoverer of a
mental state that he

calles ‘Flow °

||||||||| .
gﬁ =http://tonsoftime.com/2007/04/



High

Anxiety Area
(shut down)

Challenge
Level
axis
Boredom Area
(not engaged)
; _—
Low Skills / Ability High

Level axis



TU A Simple, Wellknown
Educational Principle

Graz University of Technology

Ec
Z

= The individual pupil/student has to be ready for
what s/he is learning next

= Present the student with content and information
for which s/he is ready for, that means

- You have to know the prerequisite content and
whether the student has knowledge about this
prerequisite knowledge or not, and

- choose and present content according to the
students current knowledge




ﬂ , A far Reaching Consequence
KST s

= This well known simple rule has a less simple
theoretical consequence:

= A mathematical-psychological theory founded by
Falmagne and Doignon in 1985, developed by
them further and extended by others (e.qg. Albert,
Held, Hockemeyer, Korossy, Lukas,,..): The
Knowledge Space Theory (KST)

= KST and its CbKST-extensions are the basis for
Individualised eLearning — like private teaching
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= |ntroduction

= Knowledge Space Theory
 Application: ALEKS

= Demand Component Approach
 Application: RATH

= Competence-Performance Approach
 Application: APeLS

= Ontology-based Skill Approach

* Application: iClass




a1y  Knowledge Space Theory
Basic Concepts

Graz University of Technology

= Basic Concepts of KST

- Knowledge domain

- Surmise/prerequisite/precedence relation
- Knowledge state

- Knowledge structure, knowledge space

- Learning path

- Learning goal




TU KST Basic Concepts

Grazm
Graz University of Technology

Knowledge Domain malty

= |[n KST a knowledge domain is identified with a set
of problems

- Simple Example

378 x 605 =7

58.7x0.94 =7

1/2 x5/6 = ?

What is 30% of 347

DO |T|D

Gwendolyn is 3/4 as old as Rebecca. Rebecca is 2/5 as old as Edwin.
Edwin is 20 years old. How old is Gwendolyn?




Graz

T KST Basic Concepts
Lo, Surmise/Prerequisite

University of Technology
Relation

= Surmise/Prerequisite/Precedence Relation

- defined on the knowledge domain Q of the Example

e ®d
b
c©® @,




T KST Basic Concepts
Surmise/Prerequisite

Relation

= Surmise/Prerequisite/Precedence Relation

- defined on the knowledge domain Q of the Example

e ey Attention please:
This is merely a simplified
visualisation of a Surmise

Relation S = {(a,b), (a,d), (a,e),
(b,d), (b,e), (c,e)} !




TU KST Basic Concepts

Grazm

Graz University of Technology U NI

Knowledge Structure _SEAZ
{a, b, c, d, e}
e ®d
{a, b, c, d} {a, b, c, e}
>
b fa, b, d)
c® P

= Surmise Relation induces a
= Knowledge Structure/a Quasiordinal




TY, KST Basic Concepts
Learning Path and Goal

Graz University of Technology

Ec
Z

{a, b, c, d, e}

c ® P
= Knowledge structure including

= one of the possible Learning Paths




TU
—ne 1 N€ POWer of the Theory UNI

{a,b,c,d, e}

= These two
diagrams make

understandable - °
the power of \

the theory and

= enable to c® ®a
remember Its
main features




TU
—meme |1 N€ POWer of the Theory UNI

{a,b,c,d, e}

= The content and
Its structure
Induces the
curriculum and
vice versa

= The content
Induces the
knowledge states
and their structure




TU
—meme |1 N€ POWer of the Theory UNI

{a,b,c,d, e}

= Personalised
assessment for
efficiently identifying
a persons state of
knowledge - like In
an oral examination

c @

- by presenting only
a subset of problems

(Adaptive Testing!)
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- 1 NE POWer of the Theory UNI

{a,b,c,d, e}

= |ndividual starting
state for learning
depending on

ore-knowledge

* |ndividual goal
state for learning
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—meme |1 N€ POWer of the Theory UNI

{a,b,c,d, e}

= |ndividual
learning paths




TU
—meme |1 N€ POWer of the Theory UNI

{a,b,c,d, e}

= |ndividual
learning paths

c @ L)

*How many In this case?
2X2X2Xx2=16




TU
—meme |1 N€ POWer of the Theory UNI

= Detalled fab,c,d e
characterisation of

the learners strengths
and weaknesses ina ° !
given domain by

= Precise, non-numerical
characterisation of c®

the state of knowledge
» Please compare this with the current grades! ¥




TU
—meme |1 N€ POWer of the Theory UNI

* Precise, non-numerical @ab,c d el
characterisation of

the state of knowledge
e @

allows for exactly \

identifying what has to

be teached next and

c @
to learned next

= Please compare this with the
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= Access only to fab,c,d e
those learning
objects which the

studentis ready © ¢
to learn \
= Student is neither
overburdened nor e

underburdened -

Challenge just OK
(Flow - Motivation!!)
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{a,b,c,d, e}

= Reasonable choices
for navigation

= No strict order e ¢
(boring) \
= No total freedom
(lost In hyperspace) ce®

= Remark:




Y. Validating Knowledge

Graz University of Technology

Structures i

= Knowledge structures, once they have been established, need
to be validated before usage in adaptive assessment and
personalised teaching and learning
- for proving that the structure is empirically adequate

= Comparison between empirical data on the respective problems and the
theoretically hypothesed structures via

- solution frequencies — correspondence with/contraditions to the
prerequisites captured by the prerequisite relation

- Investigating confirmations/violations in the empirical data w.r.t. problem
pairs among which a prerequisite relationship is assumed

- calculation of the minimal distances between the answer patterns and the
respective knowledge structure

¥ < COGNITIVE
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= |ntroduction

= Knowledge Space Theory
* Application: ALEKS

= Demand Component Approach
* Application: RATH

= Competence-Performance Approach
« Application: APeLS

= Ontology-based Skill Approach

 Application: iClass




TU Application: ALEKS
http.//www.aleks.com S GRAL)

Graz University of Technology

= ALEKS

Adaptive LEarning with Knowledge Spaces

- Fully automated, multi-lingual, adaptive math tutor
Including explanations, practice, and feedback

- Assesses personalized which math concepts the student
has mastered, which are shaky, and which are new but
within reach

- Enables the student to work on those concepts the
student is most ready to learn

- Closely interacts with the student, continuously updating
Its precise map of the student's knowledge state.
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KST and ALEKS

ALEKS Corporation is a Delaware

corporation formed in November ‘ -
1996 by the Corporation's e

. A .
Chairman, Professor k-2 @

Nl

S BR

Jean-Claude Falmagne, et -\

|t \
.
»
- T
[

an internationally recognized
researcher in mathematical

cognitive science, and his

fellow researchers.

> - ‘-
y L.‘ ” J
<
. ~ % b
- . -
B/ Ir ‘
/ & o ‘7

(

A

Y ( COGNITIVE | . .
@ http://www.ota.uci.edu/startups/profile6_11.html




Ansicht  Chronik Lesezeichen Extras Hilfe

Google

(B IA‘http:waw.aleks.com,f . |_0’,

ssment and Learning, ... | -

Al E ® LOGIN ABOUTUS CAREERS CONTACTUS NEWS SUPPORT DOWNLOADS
SEARCH
—

IOM| WHAT IS ALEKS? COURSE PRODUCTS HIGHER EDUCATION K-12 INDEPENDENT USE HOMESCHOOL

REGISTERED USERS TO LEARN MORE:

ILCZHSII'I MNAME e Take the Tour

PASSWORD ) Begin Free Trial

|
LOGIN WHAT'S NEW:

« Time and Topic Report Now Available
« New Prep for Business Stats for Higher-Ed

NEW USER? = Higher-Ed Developmental Math Upgrades Available
SIGN UP NOW!

Forgot vour login info?

Instructors - Administrators Teachers - Administrators Parents - Students and Adult
. e . : . Continuing Educ. - Homeschoolers - Tutors
Increase student performance and retention Obtain individually targeted instruction with

with individualized assessment and learning. ALEKS course products correlated to all 50 Learn at your own pace with ALEKS as your
Take control of your classroom, and save states' standards. Implemented as a core or ~ personal tutor, ALEKS meets your individual
time with ALEKS' powerful learning supplement, ALEKS improves learning learning requirements, 24/7, through a full
management system. outcomes. course library.

» Free Trial
e Success Stories
e Implementations

o Buy ALEKS Now 3

= Free Trial
e Success Stories
o Implementations

= Free Trial
e Success Stories
« Implementations

Copyright ® 2010 UC Regents and ALEKS Corporation

ALEKS® is 3 registered trademank of ALEKS Corporation. Privacy Statement Last Updated: 8/22/08



ﬂTu Initial Adaptive Assessment
Basic Idea mbs

Simplifying assumption: Neither lucky guesses
nor careless errors.

= Pose a problem that is contained in about
half of the knowledge states.

= Eliminate/Leave all states that are
In/consistent with the answer received.

= Continue until there Is only one knowledge
state left.




TU oL
e DEtErmiNIstic Assessment UNI

{abcdel

1. Problem b solved

2. Problem d failed

3. Problem e solved

Result: {a, b, c, e}




Graz

TU L
oo Propabilistic Assessment

1. Problem b solved
2. Problem d failed
3. Problem e solved
Result: {a, b, c, e}

Principle: Increase likelinoods
of all the states which are in
accordance with the correct/
Incorrect answer & decrease the other

Advantage: Only a subset of problems

knowledge profile - not only a score

57
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W Arithmeti:

® Boainning Akjoben
. rormodiate A})ﬁx-ln
® Pro-Caleulus

@ Proltanms of Tatde 1
) State of Table 2

G
ey
"’

= Combined pre- @G‘%}?é’ﬁi
requisite/pre- STk s IR

cedence relation

for Arithmetic,
Middle School

58N 73,74\\
Algebra, and fq < kel

Pre-Calculus

= Each of the 397 Wis
points “ .
represents a v_‘;; T
problem type |

Cowbined precedence

diageam for Arithesotic, Mid-
dle School Algebea, and Pre-
Caleulus.  Ench of the 307
points represents a problem

pe.

¥ s COGNITIVE




TU. ALEKS
Initial Adaptive Assessment

Graz University of Technology

UNI
|__GRAZ |

= The slide above is about the prerequisite relation used In
ALEKS for a given domain

= The corresponding knowledge structure is extremely huge,
however less than 2 to the power of 397 because of the
constrains given by the prerequisite structure

= The books of Falmagne and Doignon describe the
Intelligent algorithms for computing




TU. ALEKS
Initial Adaptive Assessment

Graz University of Technology

UNI

=3 ALEKS: Martin Kunibert - 2005-04-25 - Microsoft Internet Explorer o | o ll

Datei Bearbeiten  Ansicht  Faworiten  Extras

Please read this gquestion and enter your answer in the hox
(intermediate calculations should be done on paper).
Yyhen you are done, click on "Mext."
If you don't know the answer, click on 'l don't know " (Do not guess.)

Question #1
Wite
X d3 z2
2dk 8¢ k2

as a single rational expression

] B

Clear | Undo

Next =» | Don't Know

4 |

N

[&] Applet aleksPack10,panel. PanelPage started ,7 ,7 ,7 | mternet

Y ( COGNITIVE
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ALEKS

End of Initial Assessment

UNI

= .. details

Bth Grade [1 of 215

SEq (0 of ,il]

[ALEK.S Standard, Algebra 2 Default)

Exilog [0 af12)

LEq[1 of 48 Feal numbers and linear equations

X

GréFn (0 of 41)

R0 [0 of 40

—_ | iting an inequality
Additive property of equality; Problem type 1

EtPo (0 of 39)

Bth Grade [1 of 215]
BLEKS Standard, Algebra 2 Default)

SEq (0 of 10

LEq (1 of 4 Extleg 0a12)

Rat [0 of 29)

Graphs and functionz

“ou aren't ready to study any topics in thiz slice yet.
Gt [0 of 41)
“'ou need to master one or more topics in ather slice(z)]
before vou can select a topic here.

¥ s COGNITIVE



TU. ALEKS
Learning Phase

Graz University of Technology

= Prototypical task or problem

T ALFES: Martin Mestormnacn - 7005-84-24 - Microsslt Intrenet Explares

;

|

W i WErksheot Nesisgs Hig

Eveluats the exprassaon

b-2a ﬁ

wenb==-7Tanda=2

Evaluate the expression
b—2a

when b=—7anda=2=2 .

m 23 Clear

Undo

Hext == Explain

¥ s COGNITIVE



ALEKS
Learning Phase

TU

Grazm
Graz University of Technology

= L - Explanation f task
esson Xplanation 10r a tas
2} ALEKS: Martin Mustermann - 2005-04-24 - Microsoft Internet Explorer =10 x|
Datei  Bearbeiten Favoriten  Extras 7
e Help Quiz ‘.‘nEh’r‘ast A
Evaluation of a linear expression in two variables H
Evaluate the expression W
—b+6x
when b = —5 and x = 3
Since b=—>and x =3  wehave
—b+6x =5+6-3
=5+18
=23
Thus, the final answeris 23 .
[&]Fertig [ [4 mternet Y
b d COGNITIVE
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Learning Phase

ALEKS

= Qverview of learning progress

Eth Grade [16 of 215]
[ALEFE.S Standard, Algebra 2 Default] #
e ®
SEq (0 of 10) rep ouz REEKS"] A |
ExfilLog (0 of 12)
N the pie to see what you are ready to learn
LEEI [-I E I:If 48] uestion ta learn by clicking on it. i
Real numberz and linear equations ®
Inteqers and rational numbers
Fultiplicative property of equality: Problem twpe 2
Solving a linear equation; Problemn twpe 3 BLEKS ot M 3 et
Gir&Fr [0 of 471 Salving a linear inequality: Problem type 1 SEQRATN e
Sidez of polygonz having the zame perimeter -
1 Rieal numbers and linear equations %
u . .
R0 (0 of 40) Btk Grade [16 of 215]
[ALEE.S Standard, Algebra 2 Default]
SEqDof 10)
[ GrtFre Graphs and functions LE .I E I:Il: 48 Emm m & 12]
1 5Eq; System of linear equation:
o ’ Rat [0 of 29
WyPie. This piechart represents the current state of v
gﬁg:apllwgatsltynm;: Tt ;7542‘2%‘22'?&3 ‘;r;g R ational expreszions and functions 4
since the time of your most recent assessment, the k
To see the knowledge confirmed by your most recent . . . . - . .
’ ” Solving a rational equation that simplifies to a linear equation: Problem type 1
BreFin 0 of 41) Sirmilar polygons
[&]Fertig R&Q m of m]

¥ s COGNITIVE




mlETU Increase in Math CST score
T CST: California Standard Test mia

Control 1 Control 2 ALEKS

© 2012 ALEKS Corporation
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= |ntroduction
= Knowledge Space Theory
» Application: ALEKS

= Demand Component Approach
* Application: RATH

= Competence-Performance Approach
« Application: APeLS
= Ontology-based Skill Approach

 Application: iClass
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TU. Elementary Probability
Example Problem

University of Technology

Example of one PROBLEM

An urn contains three red and three blue balls
Two balls are drawn successively

Drawing is performed with replacement

The drawn balls are red

Compute the probability of this event

Six problems, labeled A, B, C, ...F of this kind are used




-l Components and

wersity of Technology ] ] UNI
thelr Attributes B

Example of one PROBLEM-COMPONENT with
three ATTRIBUTES:

method of drawing

with three attributes:

(1) drawing one ball

(2) drawing multiple balls with replacement, and

(3) drawing multiple balls without replacement




TU Demands and
Types of Lessons GRAZ

Graz University of Technology

The DEMANDS

0. Definition of random experiments and elementary events

1. Knowledge that, in general, Laplace probabilities are computed as the
ratio between the number of favourable events and the number of
possible events

2. Ability to determine the number of possible events
3. Ability to determine the number of favourable events if one ball is drawn

4. Ability to determine a favourable event if one ball is drawn, or if the
sample for which the probability has to be computed consists of equally
coloured balls

5. Knowledge that if an outcome like “exact/at least n balls are of colour x”
Is asked for, all possible sequences of drawing are favourable events

¥ < COGNITIVE



TU Demands and
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Types of Lessons malth

6. Knowledge that probabilities are added for two disjoint events A and B

7. Knowledge that probabilities are muliplied for two events A and B that
are (stochastically) independent

8. Knowledge that the probability of drawing a ball of a specific colour is
not equal to 0.5 if there are different numbers of balls of different
colours in the urn

9. Knowledge that drawing without replacement reduces both, the total
number of balls in the urn as well as the number of balls that have the
same colour as the drawn ball

10. Knowledge that drawing at least a number of certain balls includes the
- not explicitly stated - results of drawing more balls of the certain kind

¥ < COGNITIVE



TU Demand-based

Component Approach v

Where these demands come from?

= Problems of a knowledge domain are
analysed/constructed with respect to the cognitive
demands they pose to the learner

= The cognitive demands are considered

* to constitute elementary attributes assigned to
components for characterising and ordering problems

* to establish the lessons presented to the learner




TU Ordering Attributes by

Grazm
Graz University of Technology = U NI
Set Inclusion ez

How to use the demands for ordering attributes?

= Demand-induced difficulty structures for attributes:

{dl,dz,d3} o GC; {d5,d6,d7} C'3
{dudz} ® C,
{ds}
@} |




TU, Surmise Relation via
Component-wise ordering

Graz University of Technology

UNI
|__GRAZ |

= Principle of component-wise ordering
- Cartesian product of problem components - problem types
- Dominance rule applied on attribute tuples (problem types)
—> surmise relation

A
by
b o
AP
A%
Attribute orders Surmise relation

¥ < COGNITIVE
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. a, b,
= Difficulty structures
for attributes 8, b, b,
ab,

= Surmise structure s . S

a,0, a, a,0,
for problems o

E;b.l ;1b2

¥ < COGNITIVE
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D B {D,F}  {E,F}

Knowledge Space _SEAZ
A
{A,B,C,D, B, F}
B ¢ {B,D;{F}\
\ {D,E,F} {C,E,F}
\J
\//

Hq<
—
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Structure __oRAZ
Demand assignments for Attribute assignments
attributes of way of drawing for Skills/Lessons/Dem.
Attribute Demands Skills Attributes
(Lessons/
Demands)
al 1,2 1 al, a2, a3
22 12 3 2 al, a2, a3
3 a2, a3
a3 1,2, 3,4

4 a3



TU Demand and Lesson
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Structure
®
& O & ©
2) & (4)
©




ﬂTU Combined Surmise Structure

of Lessons and Problems Ser)
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TU Induced Knowledge Space

Grazm

with Lessons: Didactic

{A,B,C.D.EF}
{B,C.D.E F}
{BD.EF}

{C.D,EF}
####’###ﬂﬂ,ﬂwfﬂ
{D.E,F} {C.EF}
\
{D.F} {E,F}
‘x\\\\\\//’//,/’
i}
i3

¥ s COGNITIVE

UNI
{AB,CDEJF}
Tll]
{B,C.D.E,F}
9
{BpD 9E9F} 5,6
A
5,6 §C.D,EF}
9 A
8
{D.E,F} {C.E,F}
A A
7 S 9
{D.F} {EJF}
\/
iF}
T0,1,2,3,4
{1
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Introduction

Knowledge Space Theory
» Application: ALEKS

Demand Component Approach

* Application: RATH

Competence-Performance Approach
» Application: APeLS

Ontology-based Skill Approach

 Application: iClass




TU Application: RATH
http://css.uni-graz.at/rath

Graz University of Technology

Ec
Z

= RATH
Relational Adaptive Tutoring Hypertext

- Adaptive course on elementary probabilistic theory
« Lessons, exercises, tests

» Personalized learning paths: efficient selection of appropriate
learning objects

- Based on three sources
* A mathematical model of Hypertext
« The Relational Database Theory

A correspondence between a mathematical hypertext model and
Knowledge Space Theory

¥ < COGNITIVE
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RATH Starting Page

3 Teaching Material for the RATH Prototype - Microsoft Internet Explorer

Datei  Bearbeiten  Ansicht  Favoriten  Extras 7

RaTH Prototype

Cord Hockemeyer
Dietrich Albert

Course: Elementary Probability Theory

Theo Held
Cord Hockemeyer
Gerhard Hermann

Dietrich Albert

-

Tour course consists of the following lessons:
o START

s Contents

s Exercizes

s Elementary Events

s Events

s Determnining the number of convenient events

s Dirawing multiple balls with a cotmmen property
s Laplace-probabdities

s Events contaming elementary events with different properties
o Addition of events and probabdities

o DMlultiplication of events and probabiliies

o Different proportions of properties

s Dirawing without replacement

s Generalized descriptions of events

« THE END: Certification

s References

o About this document ...

[&] Fertig ’_ l_ ’_ |4 tnternet

N Kl

Y ( COGNITIVE



TU
RATH Part of a Lesson

undt.uni-graz.at/projects/rath/frame_coursel.htm - Microsoft Internet Explorer
Datei Bearbeiken Ansicht  Favoriten  Extras 7
[
m Contents|
Example 1: Drawing balls from an urn
Conditior: An urn containg two balls, one is white and the other is green.
Eandom experment: Drawing one ball
Deeterrmine the number of results.
Solution:
Paossible Results:
wy = Twhite bal"
wy = "green ball"
Space of results:
@ = {w,ws} = The number of results is [Q] = 2.
RATH (Reiational Adaptive Tutoring Hyperiext)
El
| &] Fertig [ [ |# memet v

Y ( COGNITIVE
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RATH: Access to
Lessons

other

/3 Contents - Microsoft Internet Explorer

[ratei

Bearbeiten  Ansicht  Favoriten  Extras 2

START

Contents
Elementary Events

o Ezample 1: Drawing balls from an urn

o Ezample 2: Throwing a dice

o Ezample 3: Taking a floppy disk from a box
Events
Deterrmining the number of converntent events

o Example 1: Drawing balls from an urn

o Example 2 Throwing a dice

o Example 3: Taling a floppy disk out of a box
Drawing multiple balls with a common property

o Example 1: Drawing balls from an urn

o Example 2 Throwing a dice

Laplace-probabilities
o Example 1 Drawing balls from an urn

o Example 2: Taking floppy disks out of a box
Events containing elementary events with different properties

o Example 1: Drawing balls from an um

o Example 2 Taking foppy disks out of a box
Addition of events and probabilities

o Example: Drawing balls from an urn
Multiplication of events and probabilities

o Example: Drawing balls from an urn
Different proportions of properties

o Example 1 Drawing balls from an urn
Drawing without replacement

o Example: Drawing balls from an urn
Generalized descriptions of events

o Example: Drawing balls from an urn
Ezercise 1

Exercize 2
Exercize 3
Exercize 4
Exercize 5
Exercize 6

5]

,_ ,_ ,_ |4 tnternet

N -

a
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RATH: Part of a Lesson

undt.uni-graz.at/projects/rath/frame_coursel.htm - Microsoft Internet Explorer

Datei  Bearbeiten  Ansicht  Faworiten  Extras 2

[
m Contents'
L3 K] -
Laplace-probabilities
Theorem by Laplace:
IF €2 is a finite set of elementary events with an equally distributed probability then the probability P{4) for
an arbitrary event A C () can be computed as the ratio
A Number of convenient elementary events
pay =4l
|ﬂ| Total number of elementary events
Eandom expenments which fulfil both conditions
1.
() is a finite set of elementary events w ) = {wy,wo, ..., wy} with n < co.
2. Allx elementary events {wy }, {wa}. ..., {wn | are equally probably, Le.
P({w}) = = P({wn}) =p.
. $P(\{lomega_Li})=
are called Laplace experiments  [iedots=P{i{iomega_nibi=p$
e Example 1: Drawing balls from an um
o Example 2: Taking floppy disks out of a box
RATH (Relational Adaptive Tutoring Hvpertexi)
-]
|&] Fertig [ | |4 mtermet v

5

COGNITIVE
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i  RATH: ACCESS to Exercise

/3 Contents - Microsoft Internet Explorer

Datei Bearbeiten  Ansicht  Faworiten  Extras 7

1B

o START

s Contents
Elementaty Events
o Exzample 1: Drawing balls from an urn

o Example 2 Throwing a dice
o Example 3: Taking a floppy disk from a box

» Events
s Determining the number of convenient events

o Exzample 1: Drawing balls from an urn

o Example 2 Throwing a dice

o Example 3: Talkring a floppy disk out of a box
o Drawing multiple balls with a common property

o Example 1. Drawing balls from an um

o Example 2 Throwing a dice

o Laplace-probabilities
o Exzample 1: Drawing balls from an urn

o Ezample 2: Taking floppy disks out of a box
s Events contaning elementary events with different properties
o Ezample 1: Drawing balls from an um
o Example 2 Talcing foppy disks out of a box
o Addition of events and probabilities
o Example: Drawing balls from an urm
o Nlultiplication of events and probabiiies
o Example: Drawing balls from an urm
Different propottions of properties
o Example 1 Drawing balls from an urn
s Drawing without replacement
o Example: Drawing balls from an urm
Generalized descriptions of events =
o Example: Drawing balls from an um
Exercise 1

Exercise 2
Exercize 3
Exercise 4
Exercize 5
Exercise &

[&] Fertig l_ l_ ’_ | mternet

a1

Y ( COGNITIVE
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RATH Access to
Lessons

other

3} Contents - Microsoft Internet Explorer

Ansicht

Datei

Eearbeiten

Favoriten  Exfras 7

START

Contents
Elementary Events

o Exzample 1: Drawing balls from an urn

o Example 2 Throwing a dice

o Example 3: Taking a floppy disk from a box
Events
Determining the number of convenient events

o Exzample 1: Drawing balls from an urn

o Exzample 2: Throwing a dice

o Example 3: Taking a floppy disk out of a box
Dirawing multiple balls with a common property

o Exzample 1: Drawing balls from an urn

o Exzample 2: Throwing a dice

Laplace-probabilities
o Exzample 1: Drawing balls from an urn

o Exzample 2 Taking floppy disks out of a box
Ewents containing elementary events with different properties

o Example 1: Drawing balls from an urn

o Example 2: Taking loppy disks out of a box
Addition of events and probabilities

o Example: Drawing balls from an urn
Multiplication of events and probabaiies

o Example: Drawing balls from an urn
Different proportions of properties

o Example 1: Drawing balls from an urn
Drawang without replacement

o Example: Drawing balls from an urn
Generalized descniptions of events

o Example: Drawing balls from an urn
Exercize 1
Exercize 2
Exercize 3
Exercize 4
Exercize 5
Exercize &

|2:| Fettig

l_ l_ l_ |4 Internet

N -

N

Y ( COGNITIVE



TU RATH Access to other
Exercises

Graz University of Technology
_coursel,htm - Microsoft Internet Explorer

Datei  Bearbeiten  Ansicht  Faworiten  Extras 7

o START a

+ Contents
Elementary Events
o Example 1: Drawmg balls from an un

o Example 2 Throwing a dice
o Example 3: Taking a floppy disk from a box

+ Events
o Determining the number of convenient events

o Example 1: Drawmg balls from an un
o Example 2 Throwing a dice
o Example 3: Taking a floppy disk out of a box
Dirawemg multiple balls with a commeon property
o Example 1: Drawing balls from an wn
o Example 2 Throwing a dice
Laplace-probabilities
o Example 1: Drawing balls from an urm
o EBxample 2: Takmg floppy disks eut of a box
Events contanng elementary events with different properties
o Example 1: Drawing balls from an um
o Ezample 2: Taking floppy diske out of a box
» Addition of events and probabilities
o Example: Drawing balls from an urn
o NMulbplcation of events and probabilibies
o Example: Drawing balls from an urn
« Different proportions of properties
o Example 1: Drawing balls from an urn
s Drawng without replacement
o Example: Drawing balls from an um
s Generalized descriptions of events
o Example: Drawing balls from an urn
Exercise 1
Exercise 2
Exercise 3
Exercise 4
Exercize 5
Exercise &

+ THE END: Certification

& 0 |4 mkernet

a
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= |ntroduction

= Knowledge Space Theory
» Application: ALEKS

= Demand Component Approach
* Application: RATH

= Competence-Performance Approach

« Application: APeLS
= Ontology-based Skill Approach

 Application: iClass




Ty Extending KST:

Graz University of Technology U NI
Competence-based Approach =&

= Knowledge Space Theory in its original
formalisation Is purely behaviouristic
- focus on observable behaviour

= The underlying competences and skills
have to be taken into account

- Competence/skill-based extensions of
Knowledge Space Theory: CbKS

Wy < cccccc ; ... =(e.g. Doignon, 1994; Dintsch & Gediga, 1995; Korossy, 1997; Hockemeyer, 2003)
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» Competence-based Knowledge Space Theory
(CbKST)

 Incoporates underlying skills and competencies
« provides information for teaching

* Includes explicit learning objects

« explains transfer of knowledge

« explains creating new knowledge

* etc.




TU CbKST - Competence
Performance Approach GRAz

= Modelling knowledge through
(latent) competencies and
(observable) behaviour and performances

= Interpretation function (skill function)

- Assigning to each item/problem the subset of
competencies necessary to solve the item

* Representation function (problem function)

- Assigning to each competence state the subset of
items/problems solvable in this state




TV Competence Performance

Grazm

Graz University of Technology U NI
Approach SRAT
Competence-structure (8,7{) Performance-structure (ﬁl, (P)

*Interpretation

k: A - p(K)

p: K - po(A)

"Representation




a1  Competence Performance
o Approach Y,

= |nterpretation Function K: to each item X
(of A) a subset k, of Competence States Is
assigned in which the item Is solvable

= Representation Function p: to each
Competence State e (out of K) a set p(e)
of items solvable In this state Is assigned




TU Competence Performance

Grazm
Graz University of Technology

Approach malty

= |nterpretation/skill and representation/problem function
Induce competence and performance spaces/structures

= Both concepts are equivalent, i.e. given one function the
other is uniquely determined

= The assignment of competences/skills puts constraints
on the possible knowledge states and thus defines a
knowledge structure

= Additionally, by a theoretically derived competence
structure the number of competence and
knowledge/performance states can be reduced




TU Competence Performance

Grazm
Graz University of Technology

Approach mty

= Assessing a learner’s competence state by Problem-based
skill assessment

» Step 1. adaptive assessment of the knowledge
respectively performance state

» Step 2: mapping to corresponding competence
state




TU Example: Material and
Structure

Graz University of Technology

Geometry problems
- adapted from Korossy (1993, 1996)
- based on a Competence Performance Modeling

- e.q.
p 7 a given:a=5cm,c=8cm
/// 72N areaA =7

b,/ given:b=3cm,c =9cm
/ / 0 area A =7
C




7 COGNITIVE
s T TUG i

Example: Material and Structure

* Elementary Competencies.

abbreviation | domain-specific meaning

P knowledge of the Theorem of Pythagoras

K knowledge of the Kathetensatzes

H knowledge of the Euclid's altitude theorem

A knowledge about calculating the area of a right-angled
triangle

Z knowledge of constructing a square with the same area

as a given rectangle

T knowledge of properties of tangents on circles

shttp://css.uni-graz.at
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=X AMPle: Material and Structure_yw

= definition of dependencies between the
Elementary Competencies

= resulting Competence Structure:
32 Competence States
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Competence Structure

PKHTAZ

P B

PKTAZ PKHTA PKHAZ KHTAZ

P N

PKTA PKAZ PKHA KHTA PKHZ KHAZ PHAZ

A AT

PKA PKZ PKH KAZ KHA KHZ PHA PHZ HAZ

RS

~J_

¥ s COGNITIVE

(Korossy, 1996, p. 293)



ﬂTu .
Material and Structure UNI

= |n accordance with Competence Structure:
construction of 10 geometry problems

= solution analysis: identification of possible
solution ways applying the Elementary
Competencies




Material and Structure

a)

b)

c)

d)

gegeben:

gesucht:

r=3ecm, PM=7cm

Flacheninhalt A

f)
/’ gegeben: g=T7cm,h=5cm 7 a gegeber: a=5cm,c=8cm
/// h | //
—"/ \\ gesucht: P / . /A gesucht:  Flacheninhalt A
9q P
g) S \
/ gegeben: q=7cm,p=6cm b / . gegeben: b=4cm,c=9cm
J h -
/ ~
"/// 72 gesucht:  Flacheninhalt A / ™~ gesucht: h
q P c
T
b / %\\ gegeben: b=5cm,q=3cm a gegeben: a=9cm, h=5cm
/ st
S
/ - " 7 -
- 3 . gesucht: p N gesucht:  Flacheninhalt A
ben: Rechteck /
gegenen. Rechlec . gegeben: b=3cm,c=9cm
) b ,,/
Verwandle zeichnerisch in ein flacheninhaltsgleiches Quadrat, d.h. nur durch / % gesucht:  Flacheninhalt &
Benutzung von Geodreieck, Zirkel, Bleistift und ohne Durchfihrung von ¢
Berechnungen!

shttp://css.uni-graz.at

gegeben: Rechteck, Quadrat (unten)

Konstruiere ein Quadrat mit dem gleichen Flacheninhalt wie das gegebene Rechteck
und Quadrat zusammen haben. D.h. nur durch Benutzung von Geodreieck, Zirkel,
Bleistift und ohne Durchfiihrung jeglicher Berechnungen!
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Material and Structure

» Interpretation tH, PK}

T{HA, KA}

Function: K. PH}

(KZ, HZ)

{PKTA, KHTA}

{PA, KHA}

{PK, KH, PA}

{PHA, PKA}

— | DDKQ | -0 QO | T |2

{KHA, PKA}

{PKZ, PHZ)}

o
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Material and Structure

miit
= Representation Function (extract):

%) %) KHA abcfqi

K C PHA abcfgh

H a PKZ, PKHZ acdgj

KA bc PHZ acd]

KZ cd KHZ acdg

PK, KH, PKH |acg KHAZ abcdfgi

PKA, PKHA |abcfghi PKTAZ, PKHTAZ | abcdefghij
KHTAZ abcdefgi
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e COKST: 1Class Skill Definition ot

= skill components
- declarative component:

concept(s) (e.g. Pythagorean Theorem)

Higher Order Thinking Skills
- procedural component:
Creating /\7
action verb (e.g. state, apply) Evaitating -

 may be associated with Analysing

Bloom's revised taxonomy of Applying
edcuational objectives: Understanding | |
- levels of cognitive processing —
Lower Order Thinking Skills

N SCOGNI?VE (e.g. Heller, Steiner, Hockemeyer, & Albert, 2006; Anderson et al., 2001)
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meemeemis - CHKST: 1Class Skill Definition Just

- concepts with their hierachical structure C 1

* e.g. Theorem of Pythagoras’ is

prerequisite for "Altitude Theorem’ C C3
2

corresponding to curriculum
« order on the action verbs C4

e.g.. state’ is prerequisite for "apply

- the product of these two component (18

orderings results in a surmise ca
3dl

relation on the skills Coay
e.g. skill c,a, is a prerequisite C18;
Coay Csa1
C3d

to the skills c,a,, c,a,, an

\}/\/Ccoeurrlvs C4a2



Y CbKST:

Graz University of Technology ] . U Nl
Personalised Learning Paths

= Once the competence state of a learner has
been determined a personalised learning path
may be selected

- based on skill assignments to learning objects

= Deciding upon next learning object, given a
certain competence state

- referring to learning path of the competence structure

a suitable learning object is selected, featuring
- required skills that the learner has already
available

- taught skills that correspond to next step in
learning path

¥ < COGNITIVE
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= |ntroduction

= Knowledge Space Theory
» Application: ALEKS

= Demand Component Approach
* Application: RATH

= Competence-Performance Approach

* Application: APelLS
= Ontology-based Skill Approach

 Application: iClass




Ty, Application: APeLS

Graz University of Technology . U NI
http://css.unigraz.at/demos/apels ==

= APelLS
Advanced Personalised Learning System (TCD)

http://css.uni-graz.at/demos/apels

Unser name: admin pass word: atwundt

= Competence learning structures

- Set of learning objects and a set of assigned
competencies: Taught vs. required competencies

- Competence structures only implicitly defined (by
metadata)



http://css.uni-graz.at/demos/apels
http://css.uni-graz.at/demos/apels
http://css.uni-graz.at/demos/apels

ﬂGm. Newtonian Mechanics: Examples of

rsity of Technology

Kinematics: Two Exercises o

Exerc. 5. A body moves vertically away from earth, according to the
law s = 19,6 t - 4,9 t°. Demonstrate that it has only the half velocity

after rising 14,7 m.

Exerc. 6. During the upwards motion of an freight elevator (v, = 0,8 m
/ s) the cable breaks. Which velocity does the cabin have, when
the catching mechanism takes action 25 cm after begin of the free

fall’? Which lag is acting when the cabin comes to stand after



Py

P2

Ps3

Ps

Ps

P7

To be able to transform and apply formula. AS — V . At

To be able to state and apply the definition of acceleration.
To be able to perform computations concerning the free fall.

To be able to transform and apply formulae for steadily accelerated

motion with initial velocity zero.

To be able to transform and apply formulae for steadily accelerated

motion with initial velocity unequal zero.

To be able to state and apply the connection between braking
2

distance, initial velocity and braking lag. AS = 0
2a
To be able to compose motions by vector addition, with at least

one of the motions being unequal.

SIS Solyewaury
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e APELS Initial Assessment

/2 Mechanics Courss Pre-Test - Microsoft Internet Explorer

Table of Contents

Content

Mechanics Course Pre-Test

yv=x"(10 -x), Whatis y when x =37
21
ca

The "slope™ of a graph of y ve x is ...

" The value of y squared divided by the value of x squared

® The change in y divided by the correspending change in x

If V Is a particular vector, then |V| symbolizes ...

& Its magnitude
" Ies angle

On the standard Real Number Line the left-hand side of zero is ..,

" Positive
@ Neqative
" There is no left-hand side

Anfrage senden I Zuriicksetzan

&) Furtiy

[ [ wrerner

¥ s COGNITIVE
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APelLS Start of the Course

/J Personalized Mechanics Course for test002 - Microsoft Internet Explorer

Datei Bearbeiten  Ansicht  Favoriten  Extras

?

=loix|
=
=

Table of Contents

Rebuild TOC
Numbers, Functions and Graphs
Mumbers and Arithrnetik
Introduction To Graphs
Measurement in Mechanics

Physical Quantities

Content

How to use this Mechanics Course

Flease use the Table of Contents on the left to browise through the available
course material When you have completed all of the available material click
the "Rebuild TOC" link on the upper left and new course material will be made
available to you.

]

l_ ’_ l_ |4 tnternet

A
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e APELS Learning Progress

= Learning progress (learning object va4)

/3 Personalized Mechanics Course for test002 - Microsoft Internet Explorer

Datei  Bearbeiten  Ansicht  Favoriten  Extras

?

Table of Contents

Rebuild TOC
Numbers, Functions and Graphs
Murnbers and Arithrmetik
Introduction To Theory of Functions
Introduction To Graphs
Rate of Change
Linear Rate of Change
Mon-Linear ROC and Detivatives
Sorme Important Detivatives
Vector Arithmetic
Geometric Yector Addition
Algebraic Vector Addition and Multiplic. ...

Perpendicular “ector Components
Unit %ectors and “Wector Substraction

Statics - Modelling Forces

Modelling forces - particles

Modelling forces - weight

Modelling forces - normal reaction

Modelling forces - Tension

Torgues - Extended and rigid bodies

Torgues- Cornbining forces
Measurement in Mechanics

Physical Quantities

Particles - Objects without Size
Reference of Frame 10

Reference of Frame 20
Motion in One Dimension

Displacernent

Welocity

Content

Multiplication of Vectors | - The Dot Product

Hawving added, subtracted, multiplied by a scalar and resclved vectors, we
may as well finish the story with the multiplication of one wector by another. We
willl look at twio ways to multiply vectors, both of which have physical
significance. First we will consider the scalar product of two vectors tis called
the scalar product because the result of the multiplication is a scalar guantity.
This is distinctly different from the scalar multiplication which we already
covered. Sorry about the use of the word scalar in both cases. In fact that may
be why an alternate name for this kind of multiplication has come into use. Itis
also called the "dot product” after the dot symbol which distinguishes this kind
of multiplication. The dot product of two vectors vy and V5 iswritten V, - V5

where the " between the vectors is the scalar product operator.

To get the dot product of two vectors, multiply the two
lengths together and then multiply by the cosine of
the angle between them. This may be thought of as
the product of the length of one wector times the
component of the other vector in the direction of the
first. Run the Dot Product display to see some
examples.

An alternative way to calculate the dot product is to wirite each vector in terms
of its components and multiply them as you multiply any polnomials in
algebra. For example suppose we rlad the wectors =

V.|=4'i+3'j and V2=4'E+D'j.
The dot product would be:

M*5+3* N t+0*N=a"a"2.2+44*0"2.9+¢3°4*9.4+3 039

€

= f)
’_ ’_ ’_ |4 tnternet

KN
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= TOC of learning objects




TU

Grazm
Graz University of Technology

= |ntroduction
= Knowledge Space Theory
« Application: ALEKS

Demand Component Approach
* Application: RATH
Competence-Performance Approach
« Application: APelLS

= Ontology-based Skill Approach and

* Application: iClass




Ty Ontology-based Skill Approach

rsity of Technology

and iClass-Application =

= |Class: intelligent distributed Cognitive-based open
learning system for school

= http://css.uni-graz.at/projects/iclass/iclass.php

= The iClass System incorporates main features of the above
mentioned knowledge space based systems. However,
IClass goes beyond these systems with regard to the needs
of the stakeholders (students, teachers, parents,
educational authorities).
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UNI
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« Concept map = a directed graph := a set of
propositions

* Proposition connects two related concepts

- A Concept Map is composed
i of Linking Phrases.
- s N - A Concept Map is composed
L of Concepts.
i - A Concept Map identifies
P Relationships.
- Relationships are between
Concepts.




TY, Deriving Skills from
Domain Ontologies marv

= Competence = subset of propositions of
expert concept map

= Example: Geometry of right triangles

iiiiii

= Competence ,Knowing the Theorem of Pythagoras'

¥ < COGNITIVE
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= deriving dependencies between problems from concept
maps

- typical problems of abknowledge domain
Ia |

=C
=Given aright triangle with: =Given a right triangle with: =Given a right triangle with:
a=4cm b = a=5cm = a=6cm
c=7cm "a c=8cm "2 = b=3cm Y ~a
sh=2? marea A="? sarea A=7?
e uc

= concept map representing
the semantic structure of
the domain T R
(Reigne n)— ety - (ypotenus ) (catnetusa) (cammers )

| | '|

squared sguared squared

v v ‘
square of

square of square of
cathetus a (a2) cathetus b (b2)

equals sum of

@ =(e.g. Steiner & Albert, 2008; Steiner et al., 2007)
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An Application Example

Given a right {riandle with: Given a right trangle with
a=4cm
[ | c=7cm b a [
! hA=7
- aregA=7
C
v area A
. _ ~E
property property /
is opposite of equals half
the product of
has i has
property \ /WP“V

. y
A is perpen is perpen
height h |— gicylar to —#| h¥potenus ¢ helght h |— du?ulapr to —#[ hypotenus ¢

right angle
A3

is opposite of

longest ~ has

has side of side

property

squied squed sq“td squired

a
is perpen-
cathetus b height h [— gicular ta —»| hypotenus ¢ cathetus b
squared squared

squed Sauxﬂ‘ J squared
v v '

square of

hypotenuse (c2) cathetus a (a?) cathatus b (b?) hypotenuse (c?)

square of [ square of square of

square of square of square of square of square of
cathetus a (a2)

of

cathetus b (b?) hypotenuse (c2) cathetus a (a?) cathetus b (b2)
b

of eguals sum of

right angle
v =n)
e _ »EE

ropert:
prop: 5"\ __property
equals half

the product of

/'has % has
side side Side
_jgjlrapre{:j —p[hvpotenus c] [cathetus a] [:athetus b]

squared squared squared

v v v

square of square of square of
hypotenuse (c?) cathetus a (a?) | | cathetus b (b?)

equals sum of

is opposite of

= the representations of both,
a and c, are subsets of the

concept map of problem b
= b

"a =C
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= By using ontologies (concept maps, proposition
sets) the content, the curriculum, the learner and
the needs of the other stakeholder can be
described and structured by a common,
Interrelated framework

= The relationship with e.g. conceptual graphs will in
the future allow to generate semi- automatically the
Involved structures on the basis of digital
Information in test books, official documents etc.
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= |n this first motivating part some basics of KST and
CbKST have been illustrated

= |n the third part we will come back to more recent
applications like SRL, GBL, to resources etc.

= |n the following, the mathematical part, some
of the already mentioned and extended
concepts will be defined and explained In

more detail by Reinhard SUCK







