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Web- and exercise-based 

Learning Modules

As Elements of Knowledge Construction 

in the Sciences 
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Goal:

SELF ORGANIZED KNOWLEDGE
ACQUISITION

with
Teaching Learning Paths

for 
Knowledge Units 
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Theory and Praxis of Learning 
Processes

What is Knowledge and Knowledge 
Acquisition? 

Declarative Knowledge – well structured 
subject knowledge

Procedural Knowledge – Knowledge about 
knowledge acquisition processes 
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analytically isolating                        complex synthesizing

Knowledge – constructed by students

Knowledge – meaning making by relational contexts

Construction of reality   - representations of theories
reflections on the construction of reality

Knowledge Acquisition
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Contextualization
of Knowledge 

to the structure of 
the discipline teacher Knowledge students context

Integration of 
concepts into few 

General Concepts

Knowledge Acquisition
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Dimension of Epistemological Beliefs:

‣ “texture of Knowledge”
‣ knowledge is structured, unstructured and ambiguous

‣ “variability of Knowledge”
‣ dynamic and flexible Knowledge vs. static and 

inflexible Knowledge
‣ “genesis of Knowledge”

‣ negotiated and constructed Knowledge vs. detected 
and existing Knowledge
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Wisdom of practice  - partly culturally determined

Pedagogical Content Knowledge

Content Knowledge 
Curricular Knowledge 

Pedagogical  Knowledge 

Discipline of sciences 

Knowledge an 
teaching media & 

curricular Classroom management  

Concept of scientific 
discipline 

Curricular subject content  
college /  school 

subjects Subject didactics 
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Learning  =  Meaning Making in 
Contextualized Relations 

Rhetoric structure of a text the representations of the 
content  

with

(the protocol of an 
experiment in physics or 
chemistry)

Designing of Hypertexts 

Corresponding experiences Module related nets
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Web- and exercised-based learning

Reception of different ways to Hypertext Knots (information knots)

Different approaches 
for the same goal

Different approaches 
for different goals

Goal

Goal

Goal

Explanation

Orientation

Action

Source

Hierarchy Relations

Association Relations
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Theory and Practice of
Learning in web-based environments 

Learning Objects (knowledge units)

Interactivity

Learning Process / Evaluations

Reflections on Learning        Metacognition

Standardization Flexibility



Volker Albrecht12 Hier wird Wissen Wirklichkeit

(according to the Institute of Electrical and Electronics – IEEE 2002 –Learning Object Metadata - LOM)
Interactivities for navigation:

Interactivities for didactical purposes :
Level 1: to look at objects 

Level 2: to look at multiple representations

Level 3: to vary and manipulate forms of representations (google.earth)

Level 4: to modify the content of components

Level 5: to construct the content of the representation 

Level 6: to construct the object with feedbacks

Categorization of Interactivity
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Standardization in WEBGEO
Educational Design

Modularization

• Basic Learning Objects
• Systemic Learning Objects

Lernaufgaben
(Learning activities)

Technical Design

• Layout
• Media Objects

(e.g. Animations)
• Tests / Exercises

Interactivity Learning Processes Evaluation
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Basic Learning Object (Knowledge Unit)

Introduction
Goals

Result
Summary

Test
Information

„Lernaufgaben“
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Interactivity with „Lernaufgaben“

Type of Exercises:

Methods:

Type of Media:

multiple choice, drag & drop, pull-down
menu and completion test

examine, compare, (re)order/(re)sort, 
Extract, suppress, cause/effect (hypothesis)

text, maps, diagrams, graphs, tables, 
static, animated, sequential, hierarchical,
conditional



Volker Albrecht16 Hier wird Wissen Wirklichkeit

Interactivity (level 2) in the „Lernaufgabe“ plate tectonics: 
animation – test - evaluation

Simulation of continental shift since Jura  
(the earth 200 mil. years ago)
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Interactivity (level 2) in the „Lernaufgabe“ of the learning unit 
„Ocean Level Changes“

Measurements of water depth gorge 
at selected stations   
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From linear to systemic and synthetic 
learning strategies

guided tours self-regulated 
selection

problem orientated
approach
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Learning Unit „Glaziale Serie“
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Simulation on the basis of USLE

Simulation-environment “Land-use and Soil Erosion”
(Interactivity level 4)
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Knowledge Construction
constructed by learner

gives meaning (BRUNER 1996)

process-orientated

Geographical constructs are representations of theories 
about complex social / ecological time / spatial activities 

and phenomena.

Metacognition – reflexion on Knowledge construction
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From content to contextualization

From WEBGEO
to Goethe-Geo / Megadigitale 
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Use in classroom presentation, 
especially simulation/-animation

Independent and self-regulated learning on 
behalf of learning- and self-evaluation tools 

Cooperative learning by BSCW, tutoring 
and group-based discourses

Learning Modules in Blended Learning
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Interactivities and Cooperative Learning

Group 1

Plenary discourse among the three groups 

Learning with selected learning modules

EVALUATION =

Group 2 Group 3

according peda-
gogical criteria

group 1 and
group 2

evaluation 
sheet
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E-Learning
by distribution

E-Learning
by interactivity

E-Learning
by collaboration

Receptive
Learning

Individual 
construction of 

Knowledge
Socially embedded 

construction of 
Knowledge = 

meaning making

Knowledge Construction by increasing social collaboration
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The Future of Learning with „E“

From standardized necessities to discursive and participative 
creativity

Receptive,
analytical, linear

Synthetic, constructive, 
non-linear, systemic, self-
evaluation

Good practice Sustained integration 
(MEGAdigitale) and 
cooperative learning
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Knowledge Construction with New Media, 
E-Learning and Communication

Fieldwork versus 
Communication point-and-click
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Chat

E-Learning and Communication

World 
Wide
WebWiki

Creating Learning 
Environments!

Email

Learning modules

Webquest

Homepage
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Chat
World 
Wide
Web

Email

Learning
modules

Wiki
Webquest

Homepage

Creating Learning
Environments!

E-Learning and Communication–systematic this time!

...
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E-Learning, Communication ?!?– Systematic this time!

Chat
Email

Learning modules

Wiki

Webquest

Tools for asynchronous/synchronous communication

Tool for cooperative text-creation

Method for evaluate –not to find- Internet resources

Interactive and multimedia-based Learning 
form in the Internet
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Email / Chat  – Tools for asynchronous/synchronous 
communication

Time- and place-independent 
asynchronous communication one or 
more recipients.

Text-based with multimedia attachments.

Place-independent 
synchronous multi-actor 
communication.

Every actor has to be logged in 
at the same time.

Text-based without multimedia 
attachments.
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Wiki – Tool for cooperative text-creation

Source: http://de.wikipedia.org/wiki/Ackerbau, 05.11.2006

Corporate creation of internet-
based glossary, lexica, 
topics-collection. 

Version control: working group 
and teacher document the 
text development process.

Easy handling of WIKI-Systems 
for computer-beginners.
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Webquest – Method to evaluate Internet resources

Source: http://idg.geographie.uni-frankfurt.de/nawaro1/einleitung.htm, 08.01.2007

Webquest is a method, not a computer 
program!

Webquest structure:

Start: the Theme/the implementation 

Exercise: mostly team work 

Proceeding: concrete policy

Materials: online-/offline resources

Evaluation: criteria for self- und external-
assessment

Conclusion: prepared materials for 
presentation working results

Please follow me to the Webquest on the 
Climate Change...

http://idg.geographie.uni-frankfurt.de/nawaro1/einleitung.htm
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Knowledge Construction with Interactive and multimedia-based elements 

Source: http://idg.geographie.uni-frankfurt.de/goethe-geo/web/beispiele/rahmen.php?string=1;g_037;2, 05.11.2006

eCOPS (eContent Organization and 
Presentation System) for effective 
and motivated procurement difficult 
contents 

Templates for picture-, film-, map- und 
animation-/simulation-elements

Glossary system

Interactive exercises and tests

Please follow me to the simulation for Land-
use and Soil Erosion...

http://idg.geographie.uni-frankfurt.de/goethe-geo/web/beispiele/rahmen.php?string=1;g_037;2
http://idg.geographie.uni-frankfurt.de/goethe-geo/web/beispiele/rahmen.php?string=1;g_037;2
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Creating Learning Environments! –…is anything missing?

Motivation
Reality Construction

Learning 
strategy 

Learner!
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Creating Learning Environments! – Learners Learning-strategy 

Motivation

Guided Tour

Self regulated choice. 
Example: block diagram

Theme- and problem-
orientated approach.
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Creating Learning Environments! – Learners are 
constructing their own reality

The learner may:

‣ Work at realistic problems and authentic situations.

‣ Get different contexts offered, in which the learned can be 
used.

‣ Articulate and reflect the results. 

‣ Learn in social contexts.

Cooperative learning, problem solving, learning and working with
experts are basic factors!

‣ Be in focus.
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Creating Learning Environments!

Learner

asynchronous/synchronous
communication

cooperative text 
creation

Method to evaluate Internet 
resources 

Interactive und multimedia 
learning forms
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Fieldwork VERSUS Communication point-and-click?

Field-

work

Learner

asynchronous/synchronous
communication

cooperative text 
creation

Method to evaluate Internet 
resources 

Interactive und multimedia 
learning forms
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problem solving cognitive structure
needed 
for

Structural 
Knowledge 

Models 

Semantic 
Network Models

concept 
figures

cognitive 
figures

known as

Knowledge 
reproduction 

describe 

contains contains

handles 

Connections 

(relationships)
Knot

(concepts)

identify

Didactical Concept:

Semantic Networks as Mind tools 
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Content-based 
thinking

• accepted knowledge

• Metakognition

Critical thinking

• reorganized knowledge 
Creative  thinking

• generated knowledge  

complex thinking processes

• goal-orientated integration of  
accepted, reorganized and 

generated knowledge 

Didactical Concept

Thinking Strategies
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Content-based 
thinking

Critical thinking Creative thinking

Complex  thinking processes 

Problem solving 

Design
Decision making

• feeling the problem
• analyzing the problem
• characterizing the problem
• finding alternatives
• choosing a solution
• building acceptance

• inventing a goal
• expressing a goal
• inventing a product
• evaluating the product
• overworking the product

• identifying a result
• producing alternatives 
• benchmarking the results
• evaluating the choice 

Didactical Elements:

Content, Design, 
Evaluation
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Thank you for your attention !!
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