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1. Introduction

Product development is an integrating function which requires a broad spectrum of knowledge.
However, the related knowledge covers very different knowledge domains and has a complex and ill-
structured nature. Thus, the requirements for designers are fairly challenging. He/she should be able to
access domain-specific knowledge as well as multidisciplinary knowledge and should be familiar with
the flexible application of design methods [Pahl 2006]. Hence the questions: how can these
requirements be archived by the designers and how can this achievement be adequately supported.
One important way to archive knowledge is to have documents for learning and applying. In order to
provide a good transfer of knowledge from the documents to students and designers, they should be
suitable to the user’s cognition or the user’s level of expertise respectively [Cross 2004]. The better the
content of the documents fits the level of expertise of the user, the more efficient the transfer of
knowledge will be. Therefore it is necessary to have documents suitable to the level of expertise and
the situation of their usage.

In this context user-specific as well as situation-specific requirements have to be considered. To cover
a broad range of scenarios, a large number of different documents must be created. These documents
should have similar or even identical content — at least to a certain extent. A systematic modularisation
of this content could help to reduce unnecessary work within the document creation process. The ideal
user specific document could be the output of a ‘modular construction system’.

2. Related Research and Deficits

In the past modularisation concepts were developed from a mainly system-centred perspective.
Conceptual and technical feasibility took centre stage. Within the learning context the most popular
models are the Learnativity content model [Wagner 2002], the SCORM content aggregation model
[ADL 2004], the Cisco RLO/RIO model [Cisco 2003], and the NETg learning object model [L’Allier
1997]. Taking a closer look at these models, it is striking to note that the target group of these learning
objects, i.e. the user of the generated documents and their requirements, are not considered
sufficiently. Only general aspects of basic didactic concepts are considered in some of the concepts
(e.g. NETg), but feasible, domain specific instructions on the definition and design of learning objects
are missing. In regard to the requirements of a scenario-specific modularisation concept, which
considers both the user as well as the situation of document usage, the following deficits can be
identified in named concepts:

e Inadequate consideration of domain specific characteristics (e.g. complexity, structure)

o Insufficient consideration of user, situation specific and especially cognitive requirements

e Deficient consideration of didactical aspects

DESIGN INFORMATION AND KNOWLEDGE 825



e Impractible classification of content modules

o Insufficient support of the configuration process

e Lacking information on the reusability of different contents
The practical implementation of those modularisation approaches is the author’s responsibility.
Explicit recommendations for the modularisation and the configuration processes are missing. User-
centred cognitive aspects are considered insufficiently if at all. As a lacking consideration of user
specific aspects can have a negative impact on the usefulness and acceptance of the generated
documents, the following modularisation approach will have a special focus on the reader and reading
situation characteristics [Lenhart/Birkhofer 2006]. Related research on cognitive requirements of
scenario specific documents will be introduced in the following section.

3. The User-Centred Modularisation Approach

To realize an effective and efficient, document-based transfer of product development knowledge,
different user scenarios have to be considered. A user scenario is defined as a combination of a person
on a specific level of expertise (e.g. novice, intermediate, expert) and a specific user situation (e.g.
learning/teaching, application of methods, research and information) [Berger 2004]. Every scenario
has to be supported with specific product development content. This content can be provided by
scenario-specific documents, which differ in size, structure and layout. Within this context the design,
management and the whole creation process of the documents play a decisive role.

3.1 Basic parameters of the configuration model
The primary object of the following modularisation approach is the definition of a

e modularisation process to create a modular content base and a

e configuration process to generate scenario specific documents.
In the following image the focus is on the support of the configuration process. Within this context the
various aspects and interdependencies of scenario-specific document characteristics are challenging.
According to former research on user-suitable documents, the three main aspects of configuration, i.e.
content, content structure and layout have to be implemented in a procedural model (cf. Fig. 1).
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Figure 1. Main aspects of configuration
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Starting from a modular content base the configuration process has to pass a certain number of
different specific configuration phases. Due to potential interdependencies between those phases
several iterations could be necessary.

3.2 Scenario-specific document requirements

In addition to the text structure, the text type and text coherence are fundamental parameters for the
design of scenario-specific documents. Within this context coherence is defined as what makes a text
semantically meaningful and results from the interaction of the text basis and the reader’s prior
knowledge. Therefore, text coherence or the document’s level of detail, respectively, has to be reduced
with increasing expertise. Three text types must be differentiated regarding scenario-specific
documents [Ballstaedt 1997, Lenhart/Birkhofer 2007]:

e Expository texts describe facts, i.e. they verbalise complex concepts and relationships and
help the reader to expand his declarative knowledge. That means display of especially
definitions, explications and argumentations. e.g., Within the description of a development
method they can describe prerequisites and contexts of method application.

e Instructional texts verbalize procedural knowledge. They present detailed information about
method application (e.g. why, when, how to apply). This content type is indispensable for
documents dealing with product development, as the acquisition of procedural knowledge
structures is a major learning goal.

e Additional Didactic texts supplement the text with didactic elements to stimulate and support
specific learning processes. These include the description of learning goals, control questions,
summarisations, and advanced organizers. In this way exemplary descriptions of products and
method applications can be integrated.

To provide optimal support for a specific scenario, the modularisation approach must allow the
determination of a specific proportion of expository, instructional and additional didactic texts. As a
result, the text type is an important criterion for the classification and selection of single content
modules. In product development prescriptive procedures take centre stage, but in general instructional
texts can not support a situation of knowledge application sufficiently. According to the reader’s level
of prior knowledge, specific expository contents must be integrated to provide the required
background knowledge. To summarize, it can be stated that the proportion of different text types is
dependent on the specific situation, its instructional goals and the user’s characteristics, including his
prior knowledge and cognitive processing.
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Figure 2. Transformation of situation-specific documents
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In practise documents can be adapted to a specific situation by an extensive and time-consuming
revision. Within this process, sentences or even whole sections must be modified, added or eliminated.
Fig. 2 illustrates this conventional procedure for a transformation of a research document into
documents for learning and application scenarios. Additionally, the text coherence has to be adapted to
the user’s requirements. Within this context a modular document design would be helpful to reduce
unnecessary work.

In addition to these further requirements, the design of orientation and navigation instruments and the
relation of pictures and descriptive comments have to be considered, and the level of abstraction of
integrated pictures decided.

3.3 Classification of scenario-specific content modules

As the modularisation of existing content requires remarkable efforts, it should be done especially in
areas where a high level of reusability can be assumed. Within this context reusability can refer to one
single situation, e.g. when user-specific documents have to be generated for different learning
scenarios. Content modules can also be reused in different situations. An ideal classification of content
modules should enable the author to use them irrespective of the regarded situation and user type. In
practise the three defined situations form several intersections with different degrees of reusability.
Fig. 3 shows the general classification of content modules that are used in the regarded modularisation
approach. The classification relates the user scenario to the level of potential reusability.
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Figure 3. Content modules and their potential reusability

Contents of section 1 (cf. Fig. 1) show the highest level of potential reusability as they can be used in
all three situations. These contents contain expository text on an abstract level (general description) or
on a concrete (examples) level. The contents of sections 5 to 7 are situation-specific. Modularisation
and storage of those contents should only be considered, when the reusability within the regarded
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situation is supposed to be extraordinary high. Within sections 2 to 4 the potential reusability has to be
assessed from case to case.

The content modules described above represent the textual information. The classification also
contains so called structure modules, which represent the structure of the modularized document.
Structure modules contain a list of specific terms, which enables the author to create a complete
document covering all relevant aspects of a theme. In the context of generating new documents, they
can provide a suggestion for an appropriate content structure. As the definition of an appropriate
content structure can be very challenging, predefined structure modules should provide considerable
support in reducing unnecessary work. Of course, the author should be able to modify structure
modules according to his specific needs.

3.4 Procedure model for a scenario-specific modularisation

An effective and efficient configuration process requires a comprehensive content base. The extension
of such a content base can be realised by modularising already existing documents or by generating
new content in a modular shape. As most authors are not familiar with modular writing the following
procedure will concentrate on documents modularised within a separate procedure. At this point it is
important to point out that the effort of modularising a document can only be justified when the
potential reusability is considered to be high.

Fig. 4 shows the procedure of content modularisation that is realised in the approach described below.
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Figure 4. Procedure model of modularisation

The modularisation process starts with a classification of the regarded document. The classification
covers the content's topic as well as its original intention. A short description provides help for
classification, recovery and access to the later content modules.

Thereafter structure modules and content modules are extracted, provided with metadata and archived.
In the majority of cases, structure modules contain the captions of chapters and subchapters in the
original order. Depending on the quality of the document, the term structure may have to be adapted
afterwards. Content modules must to be marked with metadata, especially regarding their level of
coherence. To create individual user-specific documents the content base must contain a certain
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variety of content modules dealing with the same topic, but representing different levels of coherence.
Thus, a systematic extension or reduction of the extracted content module could be necessary.

The optimal size of a content module depends on the number and complexity of the embodied ideas
and the realized coherence. It is therefore difficult to give general recommendations about the size.
However the content of a single module should be self-contained to ensure an integration in various
contexts.

3.5 Procedure model of a scenario-specific configuration

Based on the modular content base, the configuration process starts with an analysis of the user
scenario in question, i.e. the user and situation characteristics (cf. Fig. 5). Thus the specific user type
and situation are identified. In the following image, corresponding requirements for the document
design have to be defined. The user classification is mainly based on the user's prior knowledge, while
the reading situation is classified by the individual goal of document usage.
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Figure 5. Procedure model of configuration

The document requirements are derived from the specific scenario characteristics. The following main
configuration process starts with the definition of the document structure. According to the
requirements profile the author has to define a systematic declarative or procedural content structure.
Additionally, the characteristics of the chosen medium (print, hypertext) have to be considered.

After defining the content structure, corresponding content modules have to be integrated. In doing so
a fundamental text base, which only contains a description of the essential facts and relations, is
generated. Depending on the defined user type and situation, this text base has to be extended step by
step. In this context other content modules have to be integrated, which increase coherence or provide
didactic support as well as pictures.

In the last phase the document layout must be revised and adapted. Finally, supporting orientation and
navigation guides (e.g. indices, navigation bars, tables of contents) must be integrated and adapted to
the document structure, before the document undergoes a last check and revision.
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4. Exemplary application of the configuration model for a hypertext system

In addition to several printed documents about the methods function analysis and function synthesis,
the above configuration model was used to develop the content for a hypertext system presenting
several examples of method application. The content base was extracted from the lecture notes of the
product development lecture of the institute pmd at the Technische Universitdt Darmstadt.
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Figure 6. Screenshot of the configures hypertext system

The hypertext system contains seven demonstrative examples, introducing a step by step description of
the methods function analysis, function synthesis and function variation. The content structure was
extracted from the procedure of method application to help the reader directly transfer the content to a
specific, seperate development case. Thus, the systems is based on procedural structure modules. Four
of the integrated demonstrative examples were newly created reflecting the same content structure as
the examples which were taken from the content base. That way the efforts for developing and
describing new examples could be decreased. Additionally the coherence of the content was increased
by integrating additional content modules as the system is meant for novices. At present the portal
contains seven demonstrative examples, which form a net-like structure (145 pages). The modular
structure of the system allows an integration and elimination of single examples without difficulty.
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Figure 7. Results of the design task

The effectiveness of the hypertext system, especially regarding the learning efficiency and the
acceptance of the reader was examined with an empirical study. 76 novice participants were to solve a
design task by using the method of function analysis with a subsequent variation. They were supported
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only by the hypertext system, which contained all necessary information. The study conditions were
similar to those of a previous study on the effectiveness of printed documents [Lenhart/Birkhofer
2007]. The results were determined by a standardized assessment scheme for the task. Additionally the
participant had to fill out a questionnaire about the subjective impression on the document. In
summary it can be stated that the results were significantly better than those of conventional
documents (cf. Fig. 7). The system was rated with the highest scores indicating acceptance.

5. Conclusion

In this paper a procedural model for a scenario-specific modularisation and configuration is
introduced. The model helps to decrease the amount of effort necessary to generate individual
documents by providing precise instructions and a standardised procedure of how to implement user
requirements as well as situation specific document requirements and by providing suitable content
modules. It is shown that the generation of scenario-specific documents and a standardised
configuration process, which is based on a modularisation approach, are not incompatible. Instead the
modularisation is identified as a prerequisite to generate the required spectrum of individual
documents. Otherwise the generation could not be done within a reasonable amount of effort.

By considering a set of scenario-specific design recommendations, the described procedure enables the
author to generate scenario-specific documents even if he is not familiar with the underlying cognitive
conditions. In conclusion the configuration model and the modularisation approach build an important
key prerequisite to generate user-specific documents with a reasonable amount effort and without
constraining the author’s creative freedom.
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