« 21.4. Introduction
« 28.4 ActiveMath Vorstellung /Introduction to ActiveMath

- « 12.5. Benutzermodellierung/student modeling
 19. Instructional design

2.6. XML knowledge representation, adaptive hypermedia

9.6. collaborative learning/ Lernen in Gruppen

16.6 diagnosis

23.6. action analysis

30.6. support of meta-cognition

7.7 further topics (tutorial dialogues, mobile learning..)
student project reports
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« Technical environment
e Social context
 Personalization

e Situation

 Our first experience:

School type, field, language, curriculum, goals, prerequisites,
field of interest, mastery level, competencies, competency-level
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ActiveMath: Russian

ActiveMath - Book Generation - Step 3/3 - Mozilla {Build 1D: 2004031616}
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. OBpaTHO B rNasHoe MEHI0
actlvematﬁ CosaaHme kHkrk: 06nacts -> Tembl -> Tun KHKrM -> ObobweHme

War 3/3: uMa ¥ TUN KHWUMTK

3aece Bl MoxeTe BelBpaTs 04MH M3 MHOMMX DAa3NMYHEX TMMOB KHMM, KoTopele ActiveMath cnocofen aAna Bac co3aats, 3T0 HEBEMHGO, XOTHTE N Bbl MHTEHCHMEHO MOTOBMTECH K KOHTROMBHOM MM

TOMBKO NOMNyunTs obllee NPeAcTaBnNeHMe - MPOCTo BeIBepHTE M3 CrIMCKE BHM3Y TWN, KOTOPLA Hambaones noaxoaut nod Baww tpefosadma, Ona toro, 4Tobul No30HES 3Ty KHMrY Ha Bawen
NepcoHansHoi "KHKHoR nonke” Bbino NpoLLe HEATH, PeKOMEHAYETCA NDHCBOMTE MMA,

Saronoeok Baweil kKHUMM!

Kakoro Tuna kury Bel xoTenn 6w1?

@5 xoTen Gbl KHATY, KOTOPas MHE PasbACHUTBCE AeTanu BbGpaHHON TEMbI.

Ofl xoTen Gbl TONLKO KOPOTKWA 0630p BIGPaHHOI TeMbI.

OfA xoTen Obl KHUrY, KOTOpan MHE NoMoXeT EbibpaHHyo TeMY NoHMMaTb/oNMCbLIBATL/Ha3bIBATD.
Ofl xoTen Gbl KHUrY, KOTOPAA MHE NOMOXET BbIDPaHHY TEMY PAa3bACHATL/OTOMAECTBNATL/ NOCTUIaTh.
O] xoTen Gbl KHUIY, KOTOpas MHE NOMOXET BbiGpaHHY O TEMY NPUMEHATD.

Ofl xoTen Gbl Tonbko im Polya-cTune npeacrtaeneHHble gqoKasaTenbcrea.

8 xoTen 66l Polya-MHCNIMPUPOBaHHYH KHUTY.

O f xoTen 6bl B BEISpaHHLIX pasjenax NoOAroTOEMTLA K KOHTPONbHOM.

Of xoTen Gl B BbISpaHHLIX pasienax pewartb ynpaxHeHMs,

Ol xoTen 661 BUASTE TONBKO T& KOHUSNLWU, KOTOpbIe A ellé He OCBOMN.

O A xomen Obl BoiGpaHHble pasiensi NOBTOPHTD.

[ AANEE K CNeAyoWEMy Wary ]
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De;‘inition of a morphism of groups
A motphism (of groups) from Gto G isamap f .G—=G’

with the following properties:
o f(e)= ¢ (the unit element of G
o forall (2,b=G), we have f({a"h) ) =(f(a) *f(b));

e forall (2€G); f((a")) =(f(a)~ 1). A bijective morphism is called an isomorphism.

Groups
Growps and
subgrowps

® Definition
of & group

i
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Characterization

Definition of a morphism of grovps
A morphisen (of groups) from G to G'is amap f GG

with the following propertes:
® fle)= e’ the it element of 5
o for all{g 0 EG), we have file*h) ) =(a) "B
o for all{aEG): filar D) i=(e) ). A bjjective morphism is called an isomorphisin

Exercise
Which of the following meaps is 4 morphism of grovps?

fco

Exercise
Prove for an morphism § GG betwreen two groups & and G that %) 1s closed with respect to the operation of &°.

Exercise
Given two morphisme f (G, f .G for two grovps & and & . Prove that B () —F defined by B(f2) )=F"(x) 15 a morphism.
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iInput?

- ~,  relevant output?

» User Model >
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« Social context:
— home/classroom/museum
— Collaboative/single
— Country (geographic)
— Curriculum
— school type
— cultural (not only language)

» Technical context
— Browser (rendering)
— PC/PDA/.. (rendering, bandwith..)
— Availability of tools on client, Handwriting facility
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» Cognitive (actual)
— capability, incoming knowledge
— cognitive style
— problem solving strategies, preferences
« Psychological (mental)
— interests
— Preferences , learning style??
— Meta-cognitive
» Person-in-situation
— Exploratory behaviour
— goals
» Affective
— motivation, impulsivity
« Personal traits

— Blind, working memory capacity, attention span, reading performance
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» Self-reports:
— Questionnaire
— on-task-report
— Open learner model
» teacher input
* Dbehavioral data
— performance
— response to test items (hesitation)
— time-on-task
— help or other requests
— low-level measures
» Context data
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« Stereotypes (deduction)

« Case-based

» Functional heuristic updating
« Bayesian updating

« Baysian networks

« Dynamic Bayesian Networks
« Fuzzy modeling

Knowledge tracing

model tracing
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« Nodes: set of random variables X, X, .. X,

 Links: probabilistic dependencies among variables
« Conditional probabilities: quantify the dependencies

P(A) =0.01 A B P(B)=0.02
\/ P(C | A,B) =0.95
g P(C | A, -B) = 0.94
C P(C|-A, B)=0.29
/\ P(C |- A, = B) =0.001
P(D | C)=0.90 ¥ 3 P(E | C) = 0.70
PD|-C)=0.05 D E P(E|ﬁo)='o.o1
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Bayesian Net

conditional dependences
Probability distribution
events, causes, evidences
diagnostic/causal update
handle noise and uncertaint

@

B uglary I
— ' Earthquake/

:::"

i

( Alarm

T "

_I'::I

(MaryCalls )

| JohnCa lls




User expertise
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User distracted
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Correlations between Help-Seeking and Learning

~_~ Learning factor
Confirmatory help attitude

/

Time-on-hint

help independence attitude Gender? Ratio helped problems

Hints seen per problem
Don‘t care help attitude Perp

Helpful?
Used headphone
challenge attitude

roblems per minute
Serious-try-learn attitude

Time-on-system

Like?

Get-it-over attitude

DFN



» Stereotype: body + set of triggers
* may be arranged in hierarchies (inheritance)

Membership in
several)stereotype

(possible)

trigger inheritance

Actions and
self-ass

Source: Erica Melis




« Triggerrules (—onc Tricoer)
— self-assessed ,expert’ THEN stereo= Expert
— at least 20 topics K=excellent THEN stereo=Expert

« Rules for evaluation and presentation (oo Sooring
— Beginner AND diff(T)=simple THEN ev(T)=10 points
— knows(T) THEN substract 20 for appropriate(T)
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RACH/cognitve tutors

iterative Bayesian Updating

 p(L )=p(L levidence)+ (1-p(L Ievidence)) * p(T)

n n-1 n-1

* p(Lo) initial learning (a priori) probabiity of rule
« p(T) transition prob following an opportunity of applic.

* | p(correct) = p(L) * (1-p(S)) + (1 -p(L)) * p(G)

. p(G) guess
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PACI/cogniuve tuters

OVERLAY MODEL

* Pre-defined problem solving space
iIncludes rules and mal-rules

« match student’s results with nodes in space
— hypothesize next possible step
— diagnoses errors
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Student Modeling in Andes

« Static Bayes Net on domain knowledge
 with input from dynamic BNs
— rule nodes + context rule node for each exercise

« complexity of BN is NP-hard. approximate anytime algo
based on statistic sampling

* Independence assumption

long-term assessment for domain knowledge

DFN



Network structure: Static part

 Rule nodes
— P(R = T): probability that the student knows the rule
* (Context rule nodes

— P(CR = T): probability that the student can use the
rule in the corresponding context

P(CR=T | R=T) = 1
P(CR=T | R=F) estimates the
level of difficulty of context i

DFN




Network structure: Dynamic part
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« Assess intention -> useful hints
* If error + help request -> best explanation
* low mastery of important rules -> mini-lesson
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Selecting a Hint, algo

« Step 1: Goal inference
— Start with last observed student entry
— Find closest unsatisfied goal node

— At decision points, choose highest probability node
(most likely goal)

« Step 2: Prediction
— Start from goal found in step 1
— Find path from goal to “stuck node” (p<0.8)

— At decision points, choose lowest probability node
(most help needed)

DFN



Updating the Student Model

« Student Model should reflect hints
« Hints have a direct influence on the probability of

action
G7: Draw R1: Normal
Orces on C& Force Exists
Is there another

@ force on the car?”

F7- N is normal h = strength of hint
force on car g = likelihood of guess

1 13¢
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Example Hint Sequence

F~AANDES Physics Workbench - [P11-2.fhd] Hi=]
Efile Edit Diagram “anable iew Help _Iﬁllﬁl

o= XS] %o e 2o
Draw all the forces acting on the car as parn of your

A Z2000-kq car in neutral at the top of a 20-degree inclined free body diagram.
driveway 20 m long slips its parking hrake and rolls down.
Assume that the driveway is frictionless. oallin Further | | Hamds | els that?l Wh}'?l

At what speed will it hit the garage door?

I// Explain Further | | How do | do that?

20¢

Answer:

+X

Is there a force exerted by the driveway on the car?

*
[
[
7
i
4
2
[c]
Ed
k
&

How do lidotbat?| 'why?| Hide

Think about what you need to do in order to have a
complete free body diagram for the car.

Ewplaim Further | How do | dothat?

Explain Further| o o | do thair| wi?| Hide

} The driveway exerts a normal force on the car.

For Help, press F1



Problems with Model Tracing

Correct domain rules provide positive evidence only
for negative evidence buggy rules needed
assessors most accurate if

— student kept along a given solution path

— student has to provide every step

Bayes theoretically optimal but some parameter values
hard to obtain

DFN



« knowledge
* Interests Info from:
« eagerness
user
helpf_ullness B
« cognitive style I-Help private
- preferences in helper I-Help Public
» preferred people
* banned people
» banned topics For fiqding and ranking
candidate helpers
* help-load for protecting users
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Never fully reliable...

Empirical test with users

— protocols, written..teacher assessors
iIntrospectable and modifiable user models
— student/teacher revises

— dialogue about student’s beliefs

test with artificial users
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e course presentation
— sequencing
— content, difficulty
— language
« Feedback
« Feedback strategies
« global suggestions
— learning plan
— prompts
« motivation support
 role playing in collaboration

Mastery level
learning goals

user actions

exercise performance
learning context

field

presentation preferences
langugage...

learner type

gender

motivational state
context
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Which adaptation targeted?

Write user‘s and context's relevant properties on cards
Input — Output?

Observe learner‘s relevant properties, e.g. motivation
Dependencies of properties?

add properties and dependencies, if necessary
are different levels of knowledge needed, which?
is history needed, if yes, why?

|s motivational state needed, if yes, which info?

Source:

Erica Melis ' F“



Source: Erica Melis




Model tracing
Dynamic generation of problem solving subspace

Diagnosis of errors
hints for next steps
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