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Abstract: Adapting E-Learning material allows re-using existing material even in changed 
usage scenarios. But this adaptation is a complex task. To achieve a perfect result expert 
knowledge is needed. Often adaptations have to be performed by persons who are not experts 
in performing these tasks. To enable those persons to achieve a satisfying result they need to be 
supported. Patterns are one possibility to make expert knowledge on certain tasks available to 
other persons. In this paper an approach is presented how expert knowledge of performing 
adaptations of existing E-Learning material can be collected and made available with patterns.  
This approach can also be used to collect knowledge of other processes, e.g. in companies. 
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1 Introduction  

As the creation of E-Learning material is a costly task the re-use of existing material 
is an important topic in current research [Duval, 03]. But it is often not possible to re-
use existing material as the usage scenario has changed and the existing material does 
not completely fit the new needs. It is then necessary to adapt the material to the 
changed requirements. 

Adapting existing E-Learning material to changed requirements is a complex 
task: There exist lots of different adaptations like layout changes, translations, 
didactical changes etc. Often a combination of several adaptations has to be executed 
to achieve good results. In addition E-Learning material uses quite a lot of different 
formats [Zimmermann, 06b]. To be able to work with all formats users need 
knowledge of the tools used to work with the particular formats. This means that 
expert knowledge is needed to achieve a perfect adaptation result. But often persons 
have to perform the adaptations who are subject matter experts but not experts in 
performing all needed adaptations. To be able to achieve a satisfying result 
nevertheless, those persons have to be supported in performing the adaptations. 
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Patterns are a widespread methodology to provide expert knowledge and best 
practices. A pattern describes a proven solution to a recurring problem that occurs in a 
specific context. Patterns document expert knowledge of the topic they deal with. In 
this paper an approach is presented how to use patterns to capture the existing 
knowledge of adaptations and to make this knowledge available to those persons who 
have to perform adaptations without having expert knowledge. 

The structure of the paper is as follows: The second chapter provides an 
introduction on adaptations of existing E-Learning material; a short overview of 
patterns is presented in chapter three. Chapter four describes how expert knowledge 
of performing adaptations can be collected with patterns and how the resulting 
patterns can be used to transfer the collected knowledge to other persons. Finally a 
summary and an outlook on future work are given. 

2 Adaptation of Existing E-Learning Material 

As mentioned before the adaptation of existing E-Learning material in order to make 
it suited for changed requirements is complex. In this chapter an overview of this task 
will be given. 

The adaptation of existing E-Learning material often is a prerequisite for a 
reasonable re-use of existing material: Whenever the new usage scenario differs from 
the original scenario an adaptation is needed. There are a lot of different aspects in 
respect of which the material can be adapted. In [Zimmermann, 06a] 15 different 
kinds of adaptations are identified as an outcome of a user survey. 

Having a closer look on the changes done during the adaptations you will see that 
the adaptations can be grouped. There are three major categories of adaptations: 

� Adaptations that primarily change the appearance, the layout of the material 
� Adaptations targeting on changing the content of the material 
� Adaptations that can have an effect on layout or content but that are 

primarily caused by technical requirements

In [Zimmermann, 06b] the 15 adaptations have been assigned to the three 
categories. The following figure shows this assignment. 

Figure 1: Classification of adaptations 

80 B. Zimmermann, C. Rensing, R. Steinmetz: Making ...



An accurate analysis of the adaptations [Zimmermann, 06a] has shown that there 
are some adaptations that are performed in a very structured way. Most of these 
adaptations can be performed at least partly automated by a tool. But there are also 
some unstructured adaptations that are performed mainly based on experiences. For 
these adaptations it is not possible to specify exactly what has to be done in which 
order. In addition it is mostly not possible to offer a reasonable automated tool 
support. But for both kinds of adaptations (structured and unstructured) it is possible 
to detect best practices, describing what has to be taken into account when performing 
the adaptations. 

There are several other approaches dealing with re-use or re-purposing of existing 
E-Learning content like [Hörmann, 05] or [Obrenovic, 04]. But these approaches do 
not take into account that the usage scenario might have changed and the existing 
material is not completely suited for the new scenario. Other researchers concern the 
adaptation of material with respect to the learner like the work in the AHA project 
[Stash, 06]. All these approaches do not take into account that it might be necessary to 
adapt the existing material before re-using it. 

3 Patterns

Patterns represent a well accepted method to capture expert knowledge on best 
practices. Originally patterns were invented by the architect Christopher Alexander to 
describe the solution to recurring problems in urban planning and building 
architecture. By now patterns are used in many different areas as software design, 
security, pedagogy, etc to provide best practices. 

Patterns have a long history in documenting best practices and expert knowledge. 
Alexanders’s pattern language [Alexander, 77] documents knowledge of designing 
towns, buildings, and construction. The POSA book [Buschmann, 96] covers the 
knowledge of the authors, leading practitioners in software development, of software 
architecture. The Gang of Four (GoF) has collected best practices in object oriented 
software design [Gamma, 95]. Martin Fowler’s analysis patterns “are groups of 
concepts that represent a common construction in business modeling” [Fowler, 96]. 
Schumacher et al. published a collection of patterns on basic security problems and 
their solutions [Schumacher, 05]. 

Patterns are written in natural language. Mostly a certain structure is used to 
provide the information a pattern captures. A lot of different formats exist but there is 
a certain agreement on the mandatory elements of a pattern [Meszaros, 96]: A pattern 
has to be identified by its name. A pattern describes a solution to a problem occurring 
in a certain context. Forces describe the trade-offs that must be considered when 
applying the pattern. In addition there are several other elements that can be used to 
describe a pattern. 

We started working on a pattern language describing the adaptation of existing E-
Learning material in order to make it suited for changed requirements. A first set of 
patterns of this language has been published in the proceedings of VikingPloP06 
[Zimmermann, 06c]. In this paper it is described how these adaptation patterns have 
been created and how they can be used to transfer the collected expert knowledge to 
other persons. 
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4 Pattern Based Knowledge Transfer 

As explained before expert knowledge is needed to achieve a perfect outcome of E-
Learning material adaptations. But there exist also persons who are experts in the 
domain covered by the material but who only occasionally deal with adaptations. 
Nevertheless they have to perform adaptations. To allow these persons to achieve a 
satisfying result they need support. In the following it is described, how patterns can 
be used to document best practices as a basis for such a support. 

4.1 Collecting Knowledge with Adaptation Patterns 

Patterns are a well accepted way of documenting best practices. As they are written in 
natural language they are easy to understand. No special training is needed to read a 
pattern, in contrast to many modeling formalisms used during analysis and design 
phase in software design. Many of the experts working with E-Learning material 
adaptations have no knowledge of software design. Patterns offer them a comfortable 
way to provide their knowledge to other persons. 

Patterns are not invented but found. They document proven solutions to existing 
and recurring problems. Therefore the knowledge provided by a pattern first has to be 
detected, before it can be written down. We used an iterative process to write the 
patterns documenting the knowledge of experts of adaptation processes [Fig. 2]: 

Figure 2: Pattern creation process 

We started our work with a user survey [Zimmermann, 06a]. In this survey we 
asked persons working in the area of content creation how they perform certain 
adaptations. We analyzed the descriptions we got from those persons. Then we 
formulated a first rough version of initial patterns that represent a basic idea for each 
adaptation. 

In a second step for each pattern we talked to experts of executing the adaptation 
described in the pattern. By this we refined our initial patterns and came to improved 
patterns. For patterns it is very important that they cover proven solutions. Therefore 
we determined for each pattern in which situations the solution described in the 
pattern has been applied successfully. Depending on the adaptation some of the 
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patterns went through several iterations during the second step. This means that we 
talked to several persons and refined the patterns again and again. 

In a third step we presented some of the results at a pattern conference 
[Zimmermann, 06c], where we got additional feedback. This again is an iterative 
process: Publishing a paper at a pattern conference starts with the so called 
“shepherding process”. Shepherding is a one-to-one review. The reviewer (the so 
called shepherd) has to be an experienced pattern writer. The shepherd helps the 
authors of the patterns to improve their work and to assure that the work really 
represents patterns. When the patterns are in a good shape they are prepared for the 
Writer’s Workshop. The writer’s workshop offers a structured process for additional 
feedback on the patterns. When a pattern has gone through the shepherding process 
and the writer’s workshop, it has improved again and is ready to be published. 

By now a reader can be sure that the patterns do not reflect the personal opinion 
of the authors. They are based on expert knowledge and are proven by a lot of 
experienced pattern writers. 

The strong emphasizing of collecting knowledge from experts in the first two 
steps of our procedure reminds of the Delphi method [Linstone, 02]. This method can 
be used for example in the creation process of ontologies. The Delphi method is a 
structured process to collect and distill expert knowledge. It is based on written expert 
surveys. In contrast to the traditional proceeding of the Delphi method we decided to 
perform both the initial interview in the first phase as well as the feedback in the 
second phase not as a written survey. The answers we expected from the experts 
would have been too long to be written down in a bearable amount of time. Therefore 
we did the initial survey in the form of a structured telephone interview that has been 
recorded and then written down. Based on the results of this survey the initial patterns 
were created. They were taken as a basis for the feedback round with experts during 
the second phase. 

Shepherding and writer’s workshops, the elements of the third phase in our 
approach, are the traditional process to publish patterns in the proceedings of a pattern 
conference. They are not taken into account in the Delphi method. But nevertheless 
they are very valuable as they bring the feedback of experts in pattern writing into the 
patterns. 

The patterns that are outcome of this proceeding are a valuable source of 
knowledge to experts as well as to novices or laymen.  

4.2 Elements of an Adaptation Pattern 

There exist a lot of different pattern formats. Some pattern authors even decided to 
take no fixed format at all, like Martin Fowler for his analysis patterns [Fowler, 96]. 
As a fixed format increases readability and understandability we decided to take a 
fixed format for the adaptation patterns. The format is based on the GoF format 
[Gamma, 95] as well as on the POSA format [Buschmann, 96]. It consists of the 
elements shown in table 1. 

4.3 Providing Knowledge Based on Adaptation Patterns 

The purpose of our work is to support non-experts in performing E-Learning material 
adaptations. The adaptation patterns themselves are a valuable source of knowledge. 
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Someone who has to perform an adaptation can look up what has to be done in the 
patterns. 

As explained before some of the adaptations can be (at least partly) automated 
whereas for other adaptations it is not reasonably possible to automate the adaptation. 
To offer a more comfortable support for both kinds of adaptations we decided to 
create a wizard. Based on the knowledge collected with the patterns this wizard 
guides users through the adaptations and offers automated support where this is 
reasonably possible. If no automated support is available the wizard guides users step 
by step through the adaptation by providing information what has to be done in each 
adaptation. (This information is available in the adaptation patterns.) In case of an 
unstructured adaptation tips and tricks and hints on how to proceed are offered. In 
addition it is always possible to view the whole pattern for each adaptation and to take 
this as a guideline. 

The patterns are provided in an XML-notation. They are rendered to HTML and 
displayed in a browser window. Thus it is possible to render the patterns differently 
for an expert or a novice. This is useful as an expert often needs less information than 
a novice: Whereas experts use the patterns to remember what they have forgotten, e.g. 
after a long holiday, novices need detailed information. They have never or only 
seldom performed the task they want to get information about. Figure 3 shows an 
example for this: a part of the design pattern rendered for a novice user. 

When novices are more experienced they have the possibility to change the 
options of the wizard and to declare themselves as experts. This does not only impact 
the rendering of the patterns but also the whole wizard: For novices many 
explanations to all steps of an adaptation are provided. In contrast experts do not need 
as much information. They like a fast support that allows them to do their job more 
shortly. This is taken into account in the wizard. 

Name Unique identification of the pattern. 
Classification An asterisk to identify the degree of confidence of the authors 

into the pattern (no asterisk = lowest degree of confidence). 
Intent A short overview what the pattern is about. 
Context The situation in which the pattern can occur. 
Problem The problem that has to be solved. 
Example Helps the user to understand the pattern. 
Forces The trade-offs that have to be considered. 
Solution Tells the reader how to solve the problem. 
Known Uses Situations where the pattern has proven to be successful. 
Consequences The positive and negative consequences of performing the 

solution. 
Related 
Patterns

Patterns of other pattern authors that deal with the same or a 
similar problem. 

Connected
Patterns

After performing the solution of this pattern it might become 
necessary to execute the connected patterns.  

Used Patterns Other patterns that are used when performing the solution. 

Table 1: Elements of an adaptation pattern 
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Figure 3: The design pattern 

5 Summary and Outlook 

The adaptation of existing E-Learning material to make it suited for changed 
requirements is an important prerequisite for the re-use of existing material. As this is 
a complex task it is desirable to provide the needed knowledge to non-experts who 
have to perform the task. In this paper an approach has been presented for collecting 
expert knowledge of adaptations with patterns. It has been shown how this knowledge 
has been collected and how it can help other persons in performing an adaptation. 

With the approach presented here it is also possible to collect knowledge of other 
processes and to make it available to other persons, e.g. to all employees within a 
company. This offers an easy to use enhancement to existing knowledge management 
practices.

By now we are working on collecting knowledge on additional adaptations as 
well as knowledge of additional processes and making it available via patterns. 
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Furthermore we plan to improve the wizard guiding users through the processes by a 
component helping users to identify the adaptation suited for their requirements. 
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