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Foreword

Although we would expect human learning processes to be well known 
and well investigated, it continues to be a research fi eld with many 
unknown areas. The emergence of new technology, ‘multimedia’, to 
support learning has not only opened for new forms of learning, but 
has also made defi cits of existing learning theories more clear. 

Countless factors contribute to the overall picture of multimedia 
in teaching. It is a challenge to try to encompass the dynamics of 
learning processes. Multimedia didactics is the synergy of at least the 
following aspects:
– new ways of presenting information with various media through 

recent technological development,
– cognitive theories of learning, describing human preconditions for 

information processing and other infl uencing individual characteristics 
like motivation, intelligence, aptitude,

– analysis and descriptions of the learning content and the learning 
task,

– modalities of knowledge and knowledge testing 
Based on many years of theoretical research and practical 

experience in multimedia didactics during her activity at the Swiss 
Federal Institute of Technology, and partly in tele-cooperation with 
the Technical University of Karlsruhe Sissel Guttormsen goes one-step 
beyond a most common one-dimensional point of view in scientifi c 
papers. She considers the learning process in different contexts of 
multimedia. She tackles the problem in a thoroughly scientifi c way. The 
general introduction gives a comprehensive classifi cation and exhaustive 
defi nitions of the variables. She proposes a mapping between the 
dynamics of cognitive concepts and the dynamics of multimedia means. 
The process of learning does not drive this mapping exclusively, as is so 
often seen in intelligent tutoring systems. Content drives this mapping. 
Form follows content.

Going into new grounds in sciences is like an adventure. Sissel 
Guttormsen‘s approach to multimedia didactics is on the edge of new 
insights in didactics for a number of reasons.

Sissel Guttormsen advocates a cognitive approach for investi-
gating the effects of multimedia presentations on human learning. 
Different theories for human learning in a multimedia environment are 
presented and their strengths and weaknesses are discussed. Her work 
particularly points out the theoretical defi cits in explaining the cognitive 
processes involved when perceiving dynamic media presentations (e.g. 
animation or fi lm). Continued empirical research is needed for model 
building in this area. 
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Dynamics in teaching means and methods is a relatively new 
subject in the human sciences. For years, linear and static concepts were 
preferred because they are easier to operationalize and control. The 
last decade or so showed us the failure of the latter approach with 
respect to computer supported learning. That is why this work is so 
promising for future research. It demonstrates the possibility and offers 
a methodology for the research on dynamical factors in learning, more 
specifi cally in the context of computer enhanced learning systems.

The use of ergonomics in the context of learning is original. 
Two factors drive the design of visual material: human cognitive 
competencies, their underlying processes, and the content, what is to 
be learned.

The problem is approached from a very broad perspective. By 
this fact, the results should be applicable, or at least inspirational, to 
other fi elds of research. For example, the concept of mapping spatial 
layout and behavioural skills including cognition and emotion is essential 
to open up the functionality of products to a user by minimizing the 
learning effort.

This book shows the close relation between multimedia 
didactics, cognitive aspects, learning content, and knowledge testing. 
New technology offers unlimited possibilities for how to design learning 
situations. The bottleneck continues to be the human learner, for whom 
the whole effort of designing good instructions with multimedia should 
be worth the expense. Within the frame of the complex context for 
research and development in this fi eld, the author aims at nothing else 
than advocating the necessity to understand the interplay between the 
conditions of the learner and the learning content and thereby providing 
the most optimal support with the given technological possibilities.

The clear structure will lead also readers who are not yet familiar 
with the topic to a deeper knowledge of multimedia didactics.

Karlsruhe, Zürich,
June 2006 June 2006

(PD Dr. Peter Haubner) (Prof. Dr. Dr. Helmut Krueger)
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Abstract

This work examines actual issues related to Multimedia Didactics from 
three perspectives. The fi rst part presents an overview of relevant 
cognitive theories and their employment in empirical multimedia 
research on the one hand and theoretical and applied framework for 
instructional design on the other hand. The selective synthesis of these 
two theoretical sections is a major contribution of this work. 

The second part presents a selection of the author’s own empirical 
research on multimedia didactics. Five experiments are presented in 
depth. Four experiments were designed to investigate the didactical 
conditions required for establishing a learning effect of dynamic visual 
media. In order to explore and test this issue the experiments also 
incorporated various static and dynamic media and their combinations 
(e.g. text, picture, voice, animation). 

The fi fth experiment applies to both instructional design and 
multimedia design in the following way: It is necessary to analyse the 
learning content before applying an instructional strategy. Hence, 
learning content analysis could proceed by identifying a given set of 
learning content categories, for which favorable instructional strategies 
are already known. Furthermore, we suggest that multimedia design 
to some extent relies on characteristics of the learning content. Hence, 
learning content categories for this purpose must be identifi ed. 
Consequently, experiment fi ve represents basic research related to the 
learning content analysis issue, as it aims at identifying reliable learning 
content categories for the mentioned purposes. 

The third part of this work presents a synthesis of the theoretical 
state of the art, the implications for further research and multimedia 
design guidelines that are consistently supported in the literature.

Kurzfassung

Ein erster Teil gibt eine Einführung über Theorien des Lernens mit 
multimedialer Unterstützung. Dieser Teil zeigt vor allem den aktuellen 
Wissensstand der Theorie der Kognition auf diesem Wissensgebiet. 
Kritisch werden Stärken und Schwächen der Theorien diskutiert. 
Besonderes Schwergewicht wird auf den Effekt einer doppelten 
Kodierung gelegt. Dazu ist eine genaue Betrachtung der Verarbeitung 
und Speicherung notwendig. Menschen sind nicht einfach passive 
Informationsempfänger, sondern interpretieren, bewerten, ordnen und 
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handhaben jede Information. Ein eigenes Kapitel ist den Lehrtheorien 
(Computer supported instructional Design, CSID) gewidmet, die sich 
mit dem Design einer E-Learning-Umgebung beschäftigen. Auf die 
Struktur von Lernobjekten (Learning objects) wird vertieft eingegangen. 
Diese stellen im Hinblick auf die Erstellung von E-Learning-Material ein 
besonderes Problemfeld dar.

Im zweiten Teil präsentiert die Autorin einen Teil der Ergebnisse 
ihres eigenen empirischen Beitrags zum Thema. Es sind empirische 
Studien zu den Randbedingungen des Einsatzes statischer Medien im 
Hinblick auf Lernerfolg und kognitive Beanspruchung, zur Effektivität
dynamischer Medien und der Konsistenz des Effektes im Hinblick auf 
verschiedene Wissenskategorien und Lerninhalte, die Auswirkung der 
Medien und eines vom Benutzer kontrollierten Informationsfl usses 
sowie auch vordefi nierter Grössen von Lerneinheiten (Chunks) auf 
verschiedene Lernparameter. Die letzte Studie beschäftigt sich mit 
Lerninhalten und didaktischen Metadaten. Speziell die Ergebnisse 
dieser letzten Studie geben Hinweise, dass eine Verallgemeinerung von 
Metadaten möglich ist.

In einem abschliessenden dritten Teil werden Folgerungen aus 
den beiden ersten Teilen gezogen und Perspektiven für die weitere 
Forschung und Entwicklung aufgezeigt.

Transfer to Practice

This work is a theoretical and empirical contribution to research on new 
technology in didactical multimedia design. It applies to researchers, 
in the fi rst place, as well as interested instructional designers, in the 
second place.

Theoretical contribution   The work presents an overview of relatively early and new theories 
relevant for research and implementation of multimedia didactics. Our 
view on multimedia didactics intends to integrate both cognitive theory 
and didactical models for learning design. Hence, the integration of 
classical cognitive models for information processing together with 
instructional models focusing on structures of the learning environment
is a major contribution of this work. 

Iterative process   Theories contribute in two important ways in this context: 
First, they offer a frame for structured observation, which is crucial in 
experimental research. Systematic research is diffi cult without a model. 
Second, deep insight in the way humans process information is a 
prerequisite for designing learning environments that have constructive 
impact on learning. Purposeful change without this insight is not 
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possible. In this context research both aims at applying existing models, 
which are still limited, and at the same time extending them. Hence, 
focused research and the generation of theoretical models are two 
factors of an ongoing iterative process in this fi eld.

Integration   Cognitive models hold that learning will occur when information 
is presented according to how our cognitive system processes 
information. Instructional design models advocate that an important 
key to successful learning is to create learning environments that are 
based on thorough insight into the structural aspects of didactical 
design, e.g. analysis of the subject matter content, specifi cation of 
the learning objectives, selection of the suitable presentations forms, 
and of the suitable test methods. In order to design complete learning 
environments, we pronounce that both approaches are essential and 
suggest how they can be integrated.

Empirical research   We have given the presentation and discussion of empirical 
research much space in this work. We have presented a review of relevant 
empirical research and derived guidelines for design from existing 
research (chapter 3). The presentation of Rieber’s experiments (chapter 
3.3) states an example of excellent focused experimental research in this 
fi eld. Rieber’s research also demonstrates the key problems of research 
in this context, i.e. the identifi cation of consistent factors resulting in a 
learning effect with dynamic media. Based on the reviewed empirical 
research and on our own research, this work conclusively suggests some 
factors that are related to and possibly responsible for a learning effect 
with dynamic media.

Recommendations   The last part of this work (chapter 7) presents a synopsis of 
the theoretical and practical conclusions of our work. We suggest 
concrete research questions for further research. The problem related 
to this kind of research is not so much to design experiments, but to 
design experiments addressing the crucial questions. Last but not least, 
we present an outline of design guidelines that have shown to be 
consistently supported in the empirical research.
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