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• After this lecture you 
should know 

•what is tutorial 
knowledge

•how to represent it
•how to apply it
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Theory: Learning Theories

• Behaviorism (Skinner)
•Stimulus-Response 

coupling
• Programmed Instruction

– Intermittent reinforcement:
•Reward correct answers
•Punish incorrect answers
•Break learning material down into smallest 

units possible
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Programmed Instruction: Example

• The important parts of a flashlight are the battery and the bulb. 
When we "turn on" a flashlight, we close a switch which connects the 
battery with the _______ .
– bulb

• When we turn on a flashlight, an electric current flows through the 
fine wire in the _______ and causes it to grow hot.
– bulb

• When the hot wire glows brightly, we say that it gives off or sends 
out heat and ________ .
– light

• The fine wire in the bulb is called filament. The bulb "lights up" 
when the filament is heated by the passage of a(n) ________ current
– electric

• When a weak battery produces little current, the fine wire, or 
__________ , does not get very hot.
– filament
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Test

• The scientist _______ is one of the fathers of 
Behaviorism.
– Skinner

• The learning theory ________ is based on 
Behaviorism.
– Programmed Instruction

• It is based on ______ correct answers and ____ 
incorrect answers.
– Rewarding, punishing

Would you like to learn this way?

For what subject matters is this appropriate?

What is the difference between these questions 
and the Programmed Instruction questions?
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Practical Issues

• Implementation:
– Fixed sequence of steps 

(flow chart)
• Attractive because seems to 

be an easy way of creating 
learning material…

• … but is expensive if you 
really follow the rules:
– decomposing the 

learning material in the 
smallest units possible

• Evaluation with mixed results
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Theories of instruction (or instructional design)

• Gagné: “Conditions of Learning and Events of 
Instruction”
– based on Bloom’s taxonomy of learning objectives
– assigns specific instructional events to the objectives

• ID is prescriptive: Suggesting optimal methods for the 
achievement of certain learning objectives

• Merrill: „Component Display Theory“
– operationalisation of Gagné
– ID Expert: Authoring Tool
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Example: TICCIT (Merrill, 1980)



Instructional design and tutorial planning Carsten Ullrich

Example: TICCIT (Merrill, 1980)
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Instructional Design: Assumptions

• Instruction, in large measure, communicates 
accepted meaning. The developer of instruction 
explicitly desires that the learner adopt the 
meaning intended by the developer, and not 
reach a separate and personal interpretation of 
that meaning. … most instruction… concerns 
transferring, as effectively and efficiently as 
possible, determined interpretations

Jones, Li and Merrill (1990) 
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Learning Theories: Constructivism

• Knowledge is a result of cognitive processes
• Constructivism emphasizes 

active interpretation by the 
perceiving subject, 
the process of the actual 
construction of meaning

• No transfer of knowledge 
from one head to another
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Tutorial Knowledge for Course Generation

• Adapt learning materials (Course) with respect to
– the individual (learning goals, knowledge, 

emotions, …)
– the context (location, …)
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Pedagogical Knowledge

• Represent pedagogical knowledge at abstract 
level, independent of
– learned domain
– concrete learning 

environment
– domain knowledge

representation 
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Dynamic Course Generator

• Julita Vassileva 1992
• Dynamically plans content of course
• Separation between 

– Content (Learning Objects)
– Domain Concept Structure: AND/OR-Graph

•Nodes: Concepts
•Edges: Relationships (e.g., generalization 

...)
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Content Planning in DCG

• Generates a sub-graph of domain structure
– Input: 

•relationship
•student‘s knowledge
•teaching goal
•heuristic function

• Generated content plan is passed to Executor
– selects teaching materials
– updated student model
– re-invokes planner in case of failure
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Delivery Planning: GTE

• Generic Tutoring Environment
1989-1995 Kris van Marcke

• Assumption: 
– Generic Instructional Knowledge 

exists and can be modeled
• Instructional Task
• Instructional Methods
• Instructional Objects
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Ontology of Instructional Objects

• Captures relevant
– objects
– relationships

for describing content from 
pedagogical perspective.

• Design goals: Domain independence, 
pedagogical flexibility, completeness, 
compatibility
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Instructional
Object

Concept
•requires Concept
•isRequiredBy Concept

Satellite
•isFor Concept
•hasDifficulty

Satellite

Fact Definition Process

Policy

Procedure

Law

Theorem LawOfNature

Fact Def. Proc. Law

Policy

Procd.

Theo. LoN. Interactivity Example Evidence Explanation

Exploration InvitationExerciseRealWorld
Problem

Competency
Exercise

•hasCompetency

Expl. RWP Inv.Exc.

CExc.

NonExample
Competency

Example
•hasCompetency

NonE. CExa.

Evidence
•isFor Law

Law

Demonstration Proof

Dem. Proof

Introduction Remark Conclusion

Intro Rem. Concl.

Concept

InstructionalObject
•hasLearningContext
•hasTypicalLearningTime
•more LOM/DC properties…

Ontology of 
Instructional Objects
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Ontology of 
Instructional Objects Instructional

Object

Concept Satellite

Fact Def. Proc. Law

Policy

Procd.

Theo. LoN. Interactivity Example Evidence Explanation

Expl. Inv.Exc.

CExc.

NonE. CExa.

Law

Dem. Proof Intro Rem. Concl.RWP

Definition
“ε-neighborhood”

Theorem
”neighborhood-equality”

Proof
for ”neighborhood-equality”

Example
for “ε-neighborhood”

Exercise
for “ε-neighborhood”
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Representing Pedagogical Knowledge

• Pedagogical Task
• Pedagogical Methods
• Pedagogical Strategy: collection of tasks 

and methods
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Pedagogical Tasks

Pedagogical activity accomplished by instructor 
during pedagogical process

• teachConcept
• selectAdequateExercise, 

selectDifficultExercise, 
selectEasyExercise

• motivate
• helpAboutConcept
• teachPrerequistes
• challenge
• illustrate
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Pedagogical Method

• Describes how to achieve a task

(:method (teachConcept ?c)
((problem ?p (for ?c)))
((!startSection bookTitle)
(provideSituation ?p)
(teachSubConcepts ?p)
(provideResult ?p)
(!endSection)))

Goal task
Precondition

Sub tasks
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Adapting to the Learner’s State

• Mastery:
– Train insufficiently mastered competencies
– Selecting an exercise from the adequate 

competency level
• Motivation

(:method (motivate ?c)
((problem_solving_comp high))
((presentEasyExercise ?c))

(:method (motivate ?c)
((problem_solving_comp low))
((presentEasyExample ?c))
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Implementation

• Hierarchical Task Network planning (HTN)
– very efficient
– straight-forward way for representing human 

expert knowledge.
• Planning problem: 

– task networks
– methods decompose 

non-primitive tasks 
into sub-tasks
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Pedagogical Scenario: Example

(:method (teachSingleConcept ?c)
()
((!startSection ?c)
(tryMotivate ?c)
(tryIntroduce ?c)
(insertElement ?c)
(tryExplain ?c)
(tryExamplify ?c)
(tryExercise ?c)
(tryConclude ?c)
(!endSection)
)

)
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Pedagogical Scenario: Example

(:method (examplify ?c)
((learnerProperty mastery ?c low))
((insertAllExamples ?c very_easy)
(tryInsertExample ?c easy)
(tryInsertExample ?c easy)
(tryInsertExample ?c easy)
(tryInsertExample ?c medium)
(tryInsertExample ?c medium)
)
((learnerProperty mastery ?c medium))
(
(tryInsertExample ?c very_easy)
(tryInsertExample ?c very_easy)
(tryInsertExample ?c easy)
(tryInsertExample ?c easy)
(insertAllExamples ?c medium)
(tryInsertExample ?c difficult)
(tryInsertExample ?c difficult)
)

…
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Pedagogical Scenario: Example

(:method (tryInsertExample ?c ?difficulty)
()
((insertExample ?c ?difficulty))
)

(:method (tryInsertExample ?c ?difficulty)
()
()
)
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Pedagogical Scenario: Example

• Result of planning process is a tree of 
nested sections with the leaves being 
pointers to LOs

<section>
<title>Grundbegriffe…</title>
<section>

<title>Grundbegriffe…</title>
<ref xref=“c1”>
<ref xref=“e1”>
<ref xref=“e2”>

</section>
<section>

<title>Übungsaufgaben</title>
<ref xref=“c2”>
<ref xref=“e3”>
<ref xref=“e4”>

…
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Integration of Distributed Content 

Knowledge Sources

Planning?
Knowledge 

representation?
On-demand 
generation?
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Information Integration using a Mediator

• Information Integration using a Mediator
– Reformulate, 
– Query, 
– Collect, 
– Send back

• Methods query the mediator
• A single interface

to several repositories
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Sketch of the Mediator

Tutorial Planner

Other tools

MBase

Exc.
Repos.

TC Query Intermediate
Query

MBase
Query

Exc.
Repos
Query

response1

response2

Translation Translation

response
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Integration of Distributed Content: Example

(:method (insertExample ?c ?difficulty)
((assign ?element

(call
GetElements
((class example)
(relation for ?c)
(property difficulty ?difficulty)
))

))
((insertElement ?element))
)

Problem: XML RPC expensive! From 0.4 sec. to 2.5 sec.!
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Dynamic Adaptivity

• Early course generation supports 
– orientation
– self-organization

• Problem: 
changing capabilities of the learner

⇒ Delayed Task Execution:
– planning stops at the level 

of specially marked tasks
– instantiation at first visit

• New possibilities for authors!

??
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Integrating Intelligent Applications

• Treat applications similar to Learning Objects: 
Methods encode
– service query
– pedagogical knowledge when to use tool

• Delayed Tasks!

Intelligent 
Applications

Service 
availability?

Learning 
process?
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Integrating Intelligent Applications: Example
• Metacognitive Skills:

– Reflection on learned 
knowledge

• Open Learner Modeling 
(V. Dimitrova, STyLE-OLM)

• But: Not available in every 
environment

(:method (doReflect ?c)
((toolAvailable? OpenLearnerModel))
((insertInvitation OpenLearnerModel))

()
((insertText Reflection ?c))

)
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Novel Forms of Interaction 
• Learner accesses pedagogical 

expertise:
– triggers processing of a 

tutorial task,
– results integrated on-

demand
• No knowledge metadata 

required

• Active learner: dynamic and 
extensible workbook
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“Demo”

??

??

Show me an example
Show me an exercise
Explain Concept
…

You asked for: Example

Add to CourseAdd to Course
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????
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Tutorial Planning as a Web Service

• Goal: Service Provision & Composition

⇒ Public tasks describe functionalities of tutorial 
planner 
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Tutorial
Planner

NextBest Learner OLM
XYZ

XYZ
XYZ

Control

Presenter

Tutorial TaskTable of Content

Selects which 
request to present

Tutorial Planning in a 
Learning Environment

Tutorial TaskTutorial TaskTutorial TaskTutorial Tasks
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Sketch of the Architecture

Tutorial
Planner

Control Component
Tutorial Task

presentAppropriateExercise(C)

HTN-Planner JSHOP

DB2DB1

Mediator

getElement( type Exercise,
for C,
difficulty easy)

ex1

Request

identifier

query(knowledge C high)
query(approval high)

LMquery(alreadySeen ex1)

Queries

Transformer:
Plan to TOC

boolean
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Summary

• Different theoretical approaches to learning
• Different ways of implementing course 

generation
• An example of a task-based approach that 

provides a framework that solves several of 
today’s challenges 
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Early Work

• W. R. Murray. Control for intelligent tutoring 
systems: A blackboard-based dynamic 
instructional planner. Proc. 4th International 
Conference of AI and Education, 1989

• B. J. Wasson. Determining the Focus of 
Instruction: Content planning for intelligent 
tutoring systems. PhD thesis, University of 
Saskatchewan, 1990. 

• K. van Marcke. Instructional expertise. Proc. 2cd 
International Conference on Intelligent Tutoring 
Systems, 1992.

• J. Vassileva. Dynamic courseware generation: at 
the cross point of CAL, ITS and authoring. Proc. 
of ICCE, 1995.
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Related Work

• M. Specht and R. Oppermann. ACE - adaptive 
courseware environment. The New Review of 
Hypermedia and Multimedia, 1998.

• N. Henze and W. Nejdl. Adaptation in open 
corpus hypermedia. International Journal of 
Artificial Intelligence in Education, 2001.

• P. Karampiperis and D. Sampson. Adaptive 
instructional planning using ontologies. Proc. of 
the 4th IEEE International Conference on 
Advanced Learning Technologies, 2004.

• K. Keenoy et. al. Personalisation services for self 
e-learning networks. Proc. of 4th International 
Conference on Web Engineering, 2004.
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Additional References

• V. Dimitrova. STyLE-OLM: Interactive open 
learner modelling. International Journal of 
Artificial Intelligence in Education, 13:35–78, 
2002.

• R. Schulmeister. Grundlagen hypermedialer
Lernsysteme. Theorie - Didaktik - Design. R. 
Oldenbourg Verlag: München (available in 
English language online: http://www.izhd.uni-
hamburg.de/paginae/Book/Frames/Start_FRAME
.html.

http://www.izhd.uni-hamburg.de/paginae/Book/Frames/Start_FRAME.html
http://www.izhd.uni-hamburg.de/paginae/Book/Frames/Start_FRAME.html
http://www.izhd.uni-hamburg.de/paginae/Book/Frames/Start_FRAME.html
http://www.izhd.uni-hamburg.de/paginae/Book/Frames/Start_FRAME.html


Instructional design and tutorial planning Carsten Ullrich

Wizard of Oz

• Goal: Design pedagogical task and methods that 
generate courses providing the learner the 
necessary knowledge to answer the questions

• First design the task and methods, write them 
down, then apply them in the WOZ experiment 
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