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What We Aim to Avoid

Can we make

Detmar happy

with an open

learner model?



Overview

• Adaptive Learning Environments (brief)

• What is an Open Learner Model?

• Why have an Open Learner Model?

• OLM work – brief overview

• Presentation of Open Learner Models

• Interaction with Open Learner Models (control)

• Multiple View Open Learner Models 

• Learner Constructed Open Learner Models 

• Multiple User Open Learner Models 

• Lab – OLMlets, Flexi-OLM



Adaptive Learning Environments

• adaptive (individualised) interaction

Teaching Strategies

Domain

Model

Learner

Model

model of subject

knowledge

learner knowledge

as subset of expert



Teaching Strategies

Domain

Model

Learner

Model

also models

different knowledge

(misconceptions)

model of subject

knowledge

Adaptive Learning Environments

• adaptive (individualised) interaction



Teaching Strategies

Domain

Model

Learner

Model

Misconceptions

13-5=12

Os compra

Sun orbits Earth

Domain

13-5=8

Compra-os 

Earth orbits Sun

Adaptive Learning Environments

• adaptive (individualised) interaction



What is an Open Learner Model?

Teaching Strategies

Domain

Model

Learner

Model

• Learning resource:

reflection on knowledge and learning

• model accuracy, navigation...



What is an Open Learner Model?

Learner

Model

• Learning resource:

reflection on knowledge and learning

• model accuracy, navigation...

encourage learner

autonomy/independence



What is an Open Learner Model?
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Brief Overview of the OLM Field

Self (1988)

why keep the learner model hidden from the learner?

early 1990s: complex interactive open learner models

model accuracy, learner reflection

Bull – negotiated LMs Kay – learner add evidence

Zapata-Rivera

mid 1990s: simple inspectable skill meters

learner reflection, navigation

Morales,

Dimitrova,

mid 1990s:

Brusilovsky, Bull, Corbett,

Mitrovic, Papanikolaou, Weber

2006: simple and complex open learner models



“I don’t really believe that, do I ?”

“Well, yes, I suppose I do…”

Confront

students

with their

problems

Focus on

knowledge,

NOT on

questions/

answers

Why have an Open Learner Model?



Different Presentation Methods

simple representations for children

Bull & McKay (2004)

Subtraction Master
8-9 year olds

Wandies Magical World of English
7-8 year olds

Bull et al (2005)



Different Presentation Methods

simple representations for childrenWandies

• children aged 7-8 used individually or in pairs

• understood their OLM

• keen to practise to obtain gold wands

   (practised during lunch break to improve for afternoon)

• general improvement - more from paired students

• raised awareness of educational needs

• developed a ‘team spirit’

• helped each other outside pairings (if saw red wands)

• increased interest in communication with peers,

   supporting each other



Different Presentation Methods

simple representations for adults

most common: skill meters

ELM-ART

Weber & Brusilovsky (2001)



Different Presentation Methods

simple representations for adults

Mitrovic & Martin (2002)

SQL Tutor

OLMlets

Bull & Mabbott (2006)

extended skill meters



Different Presentation Methods

simple representations for adults

Brusilovsky & Sosnovsky (2005)

Quiz Guide

OLMlets

Bull & Mabbott (2006)

• arrows: knowledge level

• colour intensity of target:

   current relevance of topic  negative | positive

other simple representations



Different Presentation Methods

simple representations for adults

• “Using the skill meters gave me a target which

was to fill them to the top.”

• “I found that the problematic being indicated by grey was

very clever as we do sometimes find ourselves in the grey

area, this colour helped me understand that I do in fact have

some grey areas in certain topics which do require me to

look over certain parts of the topic.”

• “Overall OLMlets was very useful. I found it frustrating at

times trying to get my knowledge meters to full but after

going away and reading, these problems were overcome,

which is the aim of OLMlets.”

OLMlets



Different Presentation Methods

more complex representations

Zapata-Rivera & Greer (2004)

Vis-Mod

presentation of a

Bayesian network

- colour of nodes

- size of nodes



Different Presentation Methods

more complex representations

Kay (1997)

sam-coach

• tree structure

• expand/collapse node

• knowledge level represented

  in nodes



Different Presentation Methods

more complex representations

Kay & Lum (2005)

SIV

size, colour and position of words; explanations of the evidence shown



Different Presentation Methods

more complex representations

Mabbott & Bull (2006)

Flexi-OLM

colour of nodes and structure of domain



Different Presentation Methods

more complex representationsFlexi-OLM

• “I found it good to see the links

between different topics, which

greatly influenced which topics to

look at next”

• “The concept map ... shows the relationship between all

subject areas and where my weaknesses lie”

Greater detail, relationships in domain information



Different Presentation Methods

• Underlying representations simple or complex

simple complexsimple   Presentation:

• Range of learner modelling techniques

– Bayesian networks  (Zapata-Rivera & Greer, 2004)

– Knowledge tracing  (Corbett & Bhatnagar, 1997)

– Constraint-based modelling  (Mitrovic & Martin, 2002)



Why have an Open Learner Model?

Question:

• How could an open learner

model help you?



Why have an Open Learner Model?

• Awareness of knowledge
- identify learning goals

- learner responsibility

• How much does the average student know?

• How much do the best students know?

• How much do experts know?

• How much does the instructor recommend knowing?

• What do I know?

• How well do I know X?

• What do I want to know? / Do I want to know X?

• How can I best learn X?

• How much knowledge is required to pass the exam?

Students have

the right to

access their

own data

(Self, 1988)

Privacy: who

has access?

(Kay, 1997)



Open Learner Models - Control

• Inspectable

• System Encourage

• Co-operative

• Persuasion

• Negotiated (collaborative) 

• Student Add Evidence

• Editable

control

system

student

{

{



Open Learner Models:

OLMlets

system’s model of learner’s knowledge

inspectable

Overview: knowledge level,
difficulties, misconceptions

Misconception statements
OLMlets

Bull & Mabbott (2006)



Haptic Learner Model

Lloyd & Bull (2006)

– 3D tactile

    objects

– Phantom

– Reachin

    Display Unit

known well - hard

partly known - soft

misconception - soft & sticky

system’s model of learner’s knowledge

inspectableOpen Learner Models:



HTC
Historical Text

Comprehension

• student led towards

identifying difficulties

• once problems

recognised, learner

can change model

system encourages learner to change model

encourageOpen Learner Models:

Grigoriadou et al (2003)

I INSIST in my position that the LIVING

CONDITIONS ARE THE MOST

IMPORTANT REASON.

Let us consider that the living conditions as

a reason for the French revolution didn’t

exist. Do you believe that the French

revolution would have happened?

I believe that the French revolution would

have NOT HAPPENED.

But the French revolution has happened.

What is your logical conclusion?

The LIVING CONDITIONS ARE NOT

THE MOST IMPORTANT REASON.



MFD
(Mixed Numbers,

Fractions, Decimals)

• Information that cannot

  be inferred by the system

• Information that is more

  easily obtained from the

  student

• Information to initialise the

  learner model

jointly constructed model of learner’s knowledge

co-operativeOpen Learner Models:

Beck et al (1997)



UMPTEEN

request test

to update

learner

model

Bull et al (2007)
student can prompt, system has control

persuasionOpen Learner Models:



Flexi-OLM

request test

to update

learner

model

Mabbott & Bull (2006)
student can prompt, system has control

persuasionOpen Learner Models:

evidence



• So far this session you have attempted 13 NEGATIVE  sentences.

• Your total number of correct sentences with this structure is: 9.

• From your most recent performance the system believes you to have a perfect

command of the rule used in NEGATIVE  CLAUSES.

• So far this session you have attempted 7 sentences with a DECLARATIVE  VERB-

PRONOUN structure.

• Your total number of correct sentences with this structure is: 2.

• From your most recent performance the system believes you to have a shaky

knowledge of the rule for AFFIRMATIVE  MAIN  CLAUSE  STATEMENTS.

Mr Collins

The pronoun is: 
Your

confidence

System

confidence

• Pre-verbal in negatives

  e.g.  Não os compra

• Post-verbal in positive main clauses

  e.g.  Compra-os

unsure very sure

almost sure unsure

viewing the learner model

joint control

Open Learner Models:

Bull & Pain (1995)

negotiation



very unsure

Currently your own confidence in your use of the rule applicable in positive

main clause statements is:   ‘almost sure’.     (system’s confidence = ‘unsure’)

What is your new confidence level?:

unsurevery sure

You have changed your confidence measure from ‘sure’ to ‘very sure’.  This new

confidence value is a lot higher than that of the system. The two confidence measures

are incompatible.  Your last five attempts to place the pronoun in positive main clause

statements were the following:

*O Manuel a mostrou no mapa.     *O Manuel mostrou a no mapa.

  O Manuel mostrou-a no mapa.     *O homem o comeu rapidamente.

  O homem comeu-o rapidamente.

These recent attempts demonstrate that you are having difficulties.Confidence

measure ‘very sure’ is too high for your proficiency. What do you wish to do?

view student model

change my belief

system justify itself

keep new belief

student has control

changing the student’s beliefs

Open Learner Models:

Mr Collins

Bull & Pain (1995)

negotiation



very unsure

The system’s confidence in your use of the rule for positive main clauses is

currently:  ‘unsure’.  What do you believe the system’s confidence should be?

 almost surevery sure

Your choice of ‘very sure’ is very different from the system’s assessment.

What do you wish to do?

accept system’s decision accept compromise

system justify itself

view student model

justify myself

You are trying to change the system’s confidence measure from ‘unsure’ to ‘very sure’.

This new confidence value is too high.  Your last five attempts to place the pronoun in

positive main clause statements were the following:

      *O Manuel a mostrou no mapa.        *O Manuel mostrou a no mapa.

          O Manuel mostrou-a no mapa.        *O homem o comeu rapidamente.        O homem comeu-o rapidamente.

These recent attempts demonstrate that you are having difficulties.

You have probable transfer from Spanish for pronoun placement twice.

You have omitted the hyphen once.
You have only two correct sentences in your last five attempts.

system has control

challenging the system’s beliefs

negotiationOpen Learner Models:

Mr Collins

Bull & Pain (1995)



STYLE

OLM

challenge disagree justify agree suggestButtons:

joint control

negotiationOpen Learner Models:

Dimitrova (2003)

Conceptual
graphs

Dialogue
games



xOLM

show medisagree I’m lostagree I’m baffledButtons:

joint control

negotiationOpen Learner Models:

Van Labeke et al (2006)

Inspection
based on
learner
queries:
e.g. ability
to solve
problems
on [topic]
competency,
affect,
motivation,
metacognition,
misconceptions



xOLM
joint control

negotiationOpen Learner Models:

Van Labeke et al (2006)

evidence supporting inferred level: I-IV



CALM

joint control

negotiationOpen Learner Models:

Kerly & Bull (2006)

Chatbot:

natural 

language



SASY-unix

evidence

editing adds

further 

evidence – 

interpreted by 

consumer

program

(does not

delete/alter 

existing

evidence)

Open Learner Models:

Czarkowski et al (2005) student adds evidence for consideration

add evidence



Flexi-OLM

edit

knowledge of

concepts

Mabbott & Bull (2006)

Open Learner Models:

evidence

editable

student has control



C-POLMILE

Desktop PC

Handheld Computer
Bull & McEvoy (2003) student has control

editableOpen Learner Models:

use

across

devices

edit to

update



Bull & McEvoy (2003) student has control

editableOpen Learner Models:

C-POLMILE

use

across

devices

edit to

update



Open Learner Models - Control

Inspectable models: frustrating if cannot change?

System encourage change: will students bother?

Co-operative models: will student want to give info?

Persuasion: frustrating if model does not change?

Negotiated: will students bother? 

Add evidence: frustrating if small/unnoticed change in model?

Editable models: can student accurately change info?

Plenty of work still to do!



Open Learner Models - Control

0

1

2

3

4

5

editable persuasion negotiation

0

1

2

3

4

5

S1 S2 S3 S4 S5 S6 S7 S8

editable
persuasion 
negotiation

How do students react to

different OLM interaction

methods?

Perceived utility of

methods

Mabbott &

Bull (2006)

Flexi-OLM

& Wizard of

Oz study



Open Learner Models - Control

• “Editing allowed a way of cheating to improve your model.”

• “The edit function in my opinion could be abused... Though when used

sensibly saved me the bother of covering topics I know I can do.”

• “I found the persuade function useful and liked the fact it would test me

before changing my knowledge level.”

• “Persuading was extremely useful in forcing me to answer further

questions and realise that I do lack knowledge in that topic.”

• “The persuasion function definitely improved my learning as it allowed

me to keep persuading until I understood the topic.”

• “I saw negotiation as an opportunity to put it right if it was wrong and

correct myself if it proved I was wrong.”

• “[In negotiation the system was] right most of the time, and never

unreasonable.”
Flexi-OLM: Mabbott & Bull (2006)

CALM/Wizard of Oz: Kerly & Bull (2006)



Haptic Learner Model

multiple viewsOpen Learner Models:

Lloyd & Bull (2006)



The Fractionator

multiple viewsOpen Learner Models:

Bull et al (2005)



OLMlets

Simple individual views for

deployment in a range of courses

multiple viewsOpen Learner Models:

Bull & Mabbott (2006)



Flexi-OLM

multiple viewsOpen Learner Models:

Mabbott & Bull (2006)

Simple and structured

views



Open Learner Models:

Is it worth having multiple views?

     The Fractionator   (children)

     Haptic Learner Model   (adults)

Flexi-OLM   (adults)

OLMlets   (adults)

People have different preferences

OLMlets - user comments:

  The graph view was less useful. The reason was because by having the

    grey and red areas separate it was difficult to see how much of the topic
    I had good knowledge of. In the skill meter I could tell more easily.
  The graph view is very much similar to the skill meter. They only differ
    as the graph has an axis. I found this view easier to interpret as there
    are results on both sides of the y axis.

}
}

lab-based studies

full deployments

multiple views



Open Learner Models:

Is it worth having multiple views?

     The Fractionator   (children)

     Haptic Learner Model   (adults)

Flexi-OLM   (adults)

OLMlets   (adults)

People have different preferences

 Flexi-OLM - user comments:

  The concept map was the most useful as it shows the relationship

    between all subject areas and where my weaknesses lie.

  Concept map is a bit complex compared to the others, making it a

    bit difficult to understand.

}
}

lab-based studies

full deployments

multiple views



Open Learner Models:

Is it worth having multiple views?

     The Fractionator   (children)

     Haptic Learner Model   (adults)

Flexi-OLM   (adults)

OLMlets   (adults)

People have different preferences

 Flexi-OLM - preferences:

}
}

lab-based studies

full deployments

favourite view least liked view

Related concepts

Lectures

Concept map

Pre-requisites

multiple views



Flexi-OLM: user-constructed views – drag and drop

Open Learner Models:

Mabbott (ongoing work)

user constructed



Flexi-OLM:

user-constructed

views (list)

Open Learner Models:

Mabbott (ongoing work)

user constructed



Open Learner Models:

Flexi-OLM:

user-constructed

views (tree)

Mabbott (ongoing work)

user constructed



Open Learner Models:

Flexi-OLM:

user-constructed

views (map)

Mabbott (ongoing work)

user constructed



Open Learner Models:

Will students

create and

maintain their

own views?

Ongoing study

Preference for

view type:
upper - existing

             first

lower - own first

user constructed



OLMlets

Comparison views

Open Learner Models:

Bull & Mabbott (2006)

comparison to instructor expectations

comparison to peers

peers, expectations

comparison



Open Learner Models:

peers, expectations

comparison

• “I found the expected knowledge

comparison useful, prompting me

to read more of the course notes,

and to try to meet or exceed the

expectations each week.”

OLMlets

• “The comparison against the

lecturer's expectations helped me

• “To compare my model to the other students was a useful

incentive for me, I do not like being in the bottom half of the

class and so the ability to see myself compared to my peers

was motivating.”

identify if I was on target within the module.”



Subtraction Master

peersBull & McKay (2004)

Open Learner Models: multiple users



M
I
S
C
O
N
C
E
P
T
I
O
N
S

P
E
R
F
O
R
M
A
N
C
E

- with child

- at own PC

teachers

Subtraction Master

multiple usersOpen Learner Models:

Bull & McKay (2004)



children, parents

Fraction Helper

multiple usersOpen Learner Models:

Lee & Bull (submitted)



children, parents

multiple usersOpen Learner Models:

Sweetheart, look at this fraction, 8 over 12. If you want to get the simplest

form of it, what do you have?

It is 2 over 3 isn’t it?   (correct)

No, the first thing you need to do is to subtract the equal number. The

smallest number you can divide 8 by is 2, so what you need is 8 minus

2 over 12 minus 2 is 6 over 10. Then you need to keep subtracting until

you can’t subtract any more, so. 6 minus 2 over 10 minus 2 is 4 minus

8, and then 4 minus 2 over 8 minus 2 is 2 over 6.

Oh, so the answer is 0 over 4? 

Hold on, I made a mistake. Well it must have gone wrong half way, I’ll

teach you later. Just stick with what you have done for now.

Fraction Helper

Lee & Bull (submitted)



peers, instructors

JPLE

Bull & Nghiem (2002)

Comparing individual models

multiple usersOpen Learner Models:



peers, instructors

UMPTEEN

Bull et al (2007)

Who can view an individual’s

learner model?

multiple usersOpen Learner Models:



peers, instructors

OLMlets

extended from  Bull & Mabbott (2006)

Who can view an

individual’s

learner model?

multiple usersOpen Learner Models:



Will students want to view peer models and share

their own model with others?

Open Learner Models:

UMPTEEN

Small group (12) - most opened to all

Large group (50) - different patterns

Use in courses

 UMPTEEN - user comment:

  “Viewing the group model let me know not only one out of three

    students have problems on concept of array size and index, it let me

    to realize that I am performing better than I thought, low mark on

    this concept is not all my fault, it is actually quite difficult for students,

    what I need to do is do not lose courage and confidence, study hard.”

} lab studies

multiple users



Will students want to view peer models and share

their own model with others?

Open Learner Models:

UMPTEEN
Small group (12) - most opened to all

Large group (50) - different patterns

Use in courses

 UMPTEEN - user comment:

  “I opened my learner model to all the peers anonymously. Maybe this

will make someone who did as bad as me feel better. At least, he or she

was accompanied.”

 “I get information from others' learner model, so I think it's my

responsibility to open my learner model to others. That's fair.”

} lab studies

multiple users



Why have an Open Learner Model?

Results: Do students want an open learner model?

Reasons for an Open Learner Model (105 users)

0% 20% 40% 60% 80% 100%

user's right

navigation

model accuracy

planning

control

reflection

yes

maybe

no

Extended from Bull (2004)



Why have an Open Learner Model?

Results: Do students want an open learner model?

Open Learner Model Contents (105 users)

0% 20% 40% 60% 80% 100%

misconceptions

difficulties

knowledge

yes

maybe

no

Extended from Bull (2004)



Why have an Open Learner Model?

Results: Do students want an open learner model?

Open Learner Model Access Initiative (105 users)

0% 20% 40% 60% 80% 100%

mixed initiative

student initiate

system initiate

yes

maybe

no

Extended from Bull (2004)



Why have an Open Learner Model?

Results: Do students want an open learner model?

Open Learner Model Level of Detail (105 users)

0% 20% 40% 60% 80% 100%

overview &
details

details only

overview only

yes

maybe

no

Extended from Bull (2004)



“I don’t really believe that, do I ?”

“Well, yes, I suppose
I do.”

 “But now I know
better.”

Why have an Open Learner Model?



Why have an Open Learner Model?

Happy, autonomous, responsible learners

Happy instructors:



Summary

• Adaptive Learning Environments (brief)

• What is an Open Learner Model?

• Why have an Open Learner Model?

• OLM work – brief overview

• Presentation of Open Learner Models

• Interaction with Open Learner Models (control)

• Multiple View Open Learner Models 

• Learner Constructed Open Learner Models 

• Multiple User Open Learner Models 

• Lab – OLMlets, Flexi-OLM



Learn one set of words

1. cow - vaca

2. cat - gato

3. dog - cão

4. rabbit - coelho

5. bird - passaro

1. cow - muniú

2. cat - mao

3. dog - gou

4. rabbit - tùzi

5. bird - niao

^

^

^
Portuguese Chinese (Mandarin)



Practical Session

• OLMlets

http://olm.eee.bham.

ac.uk/olmlets/



Practical Session

• Flexi-OLM

http://olm.eee.bham.

ac.uk/flexi-olm/
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