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INTRODUCTION AND OBJECTIVES

Over the past decades, numerous textbooks on Instructional Design have been
published, especially in North America. They substantiate the fact that instructional
design savors a perfect appreciation of the scientific community. Furthermore,
instructional design has very good reputation within the realm of vocational training
and higher education where it is considered as a central part of strategic planning
and management. Currently, such a trend is also observable in Europe, Asia, and
in Russia where several universities have installed programs of study in the field of
instructional design and technology.
Although the societal and economical importance of instructional design seems
to be relatively uncontested, often the scope and range of this educational discipline
is often not sufficiently clarified. Indeed, the topic of instructional design is complex
and contains many facets so that it is difficult to keep track of the diversity of
mainstreams and to integrate them in a more comprehensive theoretical framework.
Actually, instructional design can look back on more than 60 years of success. In the
course of its history, instructional design has advanced continuously its theoretical
foundation and range of applicabilities, albeit various misleading mainstreams.
This textbook communicates the basics of the theoretical understanding and the
purpose of instructional design. By the end, the reader should be able
• to specify the basic intentions underlying instructional design understood as
scientific discipline for planning and developing learning environments,
• to sketch the historical progression of this discipline as well as to characterize the
mainstreams (or generations) of instructional design,
• to identify the steps of procedural models of instructional design and to specify
their scope,
• to integrate the steps of procedural models of instructional design into the ADDIE
framework,
• to expose the congruence and incongruence of the various instructional design
models against the background of ADDIE,
• to describe recent developments of instructional design, such as Cognitive Load
Theory and the 4C/ID-model against the background of the objectivist tradition,
• to identify different conceptions of constructivist models of instructional design
and to distinguish them from traditional approaches with regard to their theoretical
foundation and levels of ambition,
• to specify the steps of the R2D2-model and to evaluate the feasibility (of
implementation) in comparison with procedural models of instructional design,
• to describe the approach of creative instructional design and the particular role of
rapid prototyping,
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• to expose the “philosophy” and strategy of constructivist approaches of
instructional design by referring to the instructional model of model-based
learning and teaching,
• to explain the approach of technology-based instructional design,
• to elaborate the core and scope of design experiments and their benefits for
instructional design,
• to explain how design experiments can be used for both research and development,
• to desribe the structure and functions of synthetic learning evironments within the
realm of higher education and online courses,
• to compare models of instructional design with models of General Didactics with
the aim to expose the similarities between the two fields of education,
• to argue why the critical-constructive didactics corresponds with constructivist
approaches of instructional design,
• to show the congruence between the approach of eclectic didactics and the
ADDIE framework,
• to explain the importance of instructional design for higher education and
schooling,
• to describe innovative approaches, such as participatory design and communities
of inquiry in the field of higher education,
• to describe principles of the design and development of blended learning
environments, and
• to describe the mission and vision of Universal Design for Learning.
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CHAPTER 1

WHAT IS INSTRUCTIONAL DESIGN?

INTRODUCTION

Instructional Design (ID) is commonly defined as a systematic procedure in
which educational and training programs are developed and composed aiming at a
substantial improvement of learning (e.g., Reiser & Dempsey, 2007).
Usually, such definitions are associated with the assumption that certain models
of instructional design can serve as a frame of reference and a regulation of the
development of courses and lessons (1) aiming at the improvement of learning,
and (2) influencing the learners’ motivation and attitudes in such a way that they
can achieve a deeper understanding of the subject matters to be learned. Evidently,
the starting point of instructional design consists in the clarification what students
should learn. Thus, Gagné (1965, 1985) has identified five major categories of
learning: verbal information, intellectual skills, cognitive strategies, motor skills,
and attitudes. Each type of learning is characterized through different internal and
external conditions. For example, for cognitive strategies to be learned, there must
be a chance to practice new solutions to a class of particular problems, or to learn
attitudes, the learner must be exposed to persuasive arguments.
LEARNING AND TEACHING: THE CENTRAL CONCEPTS
OF INSTRUCTIONAL DESIGN

Prior to Gagné, Roth (1963) has specified eight categories of learning that will serve
as the point of reference throughout this textbook:
1. Learning in which the emergence of an ability is the main goal as well as the
automation of abilities to form motor and mental skills.
2. Learning centers on problem solving (thinking, understanding, “insight”)
3. Learning, which aims at construction, retention, and remembrance of knowledge.
4. Learning in which the main goal is to learn a procedure (learning to learn, learning
to work, learning to do research, learning to look things up, etc.)
5. Learning in which transfer to other domains is the main point, i.e. the heightening of
abilities and efforts (learning Latin as an aid for learning other Romanic languages).
6. Learning in which the main goal is to develop one’s social positions, value
positions, and attitudes.
7. Learning in which the main goal is to gain an increasing and heightened interest
in a topic (differentiation of motives and interests).
8. Learning in which the goal is a change of behavior.
1
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Scholars in the field of education commonly agree on the point that there is a
strong relationship between learning and instruction. A long time ago, Willmann
(1889) introduced the notion of “teaching as the making of learning” and about
60 years later Skinner (1958) distinguished between the “science of learning and
the art of teaching.” Correspondingly, traditional approaches of instructional design
start with a clarification of learning objectives and then identify instructional events
that are suitable for achieving the learning objectives. Gagné’s “nine events of
instruction” provide a well-known example for this combination of learning and
instruction (Gagné, Briggs, & Wager, 1992).
Gagné’s Nine Events of Instruction
1. Gain attention of the students
	Methods for gaining the learners’ attention include stimulating with novelty,
uncertainty and surprise, as well as thought-provoking questions.
2. Inform students of the objectives
to help them understand what they are to learn during a course: Describe
required performance and criteria for standard performance.
3. Stimulate recall of prior learning
	Help students make sense of new information by asking questions about
previous experiences and their understanding of them.
4. Present the content
	Organize the content in a meaningful way, provide explanations and present
multiple versions of the same content.
5. Provide learning guidance
	Provide instructional support when needed (as scaffolds, hints), model varied
learning strategies (e.g., concept mapping, visualizing, role playing), use
examples and non-examples, provide case studies, analogies, visualizations
and metaphors.
6. Elicit performance by practices
	Help the students to internalize new knowledge and skills and confirm correct
understanding of the concepts, elicit recall strategies, facilitate student
elaboration.
7. Provide feedback
	
Provide immediate feedback on learners’ performances to facilitate
learning.
8. Assess performance
	In order to evaluate the effectiveness of instruction, test the expected learning
outcomes.
9. Enhance retention and transfer
with the aim to help learners in developing expertise.
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According to Gagné et al. (2005), these nine events of instruction create a general
framework for preparing and delivering instructional contents. The authors suggest
defining the course goals and learning objectives before implementing the nine
events. From the perspective of traditional instructional design, instructional events
are assigned to learning objectives to make sure that learners will be able to know or
do something that they had been not able to know or do before instruction. Shortly
said instruction is the “stimulus” and learning the “response”.

In the 1990s, this behaviorist (or objectivist) perspective was attacked and
contrasted with a constructivist perspective (e.g., Jonassen, 1991). Combined with
the idea of social constructivism and situated cognition, the so-called objectivistconstructivist-debate in the field of instructional design evoked, in terms of Gage
(1989), a “war of paradigms.” It took only short time for recognizing that the
objectivist-constructivist-debate was more confusing than helpful in clarifying the
“philosophical foundation” of instructional design (Cronjé, 2000). Now, it could
be argued to let bygones be bygones and to consider the objectivist-constructivistdebate as finished. But this would only be half the truth because the debate gave rise
to alternative approaches of instructional design. Among them, the idea of Learning
Design, or as some argue the Design for Learning, plays an important role (Koper,
2006; Laurillard, 2013; Mor & Craft, 2012). According to this approach, the role of
instruction is “not to transmit knowledge to a passive recipient, but to structure the
learner’s engagement with knowledge, practicing the high-level cognitive skills that
enable them to make that knowledge their own” (Laurillard, 2008, p. 527).
A learning design is defined as the description of the teaching-learning
process that takes place in a unit of learning (e.g., a course, a lesson, or any

3

CHAPTER 1

other designed learning event). The key principle in learning design is that it
represents the learning activities and the support activities that are performed
by different persons (learners, teachers) in the context of a unit of learning.
(Koper, 2006, p. 13)
When we replace the term “learning design” through “instructional design”, the
definition of Koper is correct, too. Basically, both terms refer to the same universe
of discourse, and consonantly they aim at the same product: a learning environment
as a specific arrangement or setting of teaching and learning. The only difference
is that the focus of instructional design is on teaching activities aiming at the
improvement of learning, whereas learning design focuses on learning activities
initiated and facilitated through instruction. In other words: Instructional design
and learning design are the two sides of the same coin! With reference to the
necessary procedures and steps of the design, there are practically no differences.
The purpose of both instructional and learning design is the creation of learning
environments that provide the learners with opportunities to learn in accordance
with the categories of learning introduced by Gagné (1965) or Roth (1963). It is
plausible to assume that the idiosyncrasy of a learning environment depends to a
large extent on the type of learning and the related learning objectives. For example,
a learning environment aiming at problem solving will differ from an environment
aiming at the proceduralization of skills. And a learning environment aiming at the
construction and retention of declarative knowledge will differ from an environment,
which aims at the development of social attitudes or morality.
Learning Environments
Learning is considered as a constructive process of organizing available cognitive
resources in such a manner that new knowledge or new skills are placed at the
disposal for mastering new learning tasks. The basic assumption is that learners do
not possess a priori the knowledge and skills that are necessary for solving problems
(Kozma, 1991). Thus, the given environment provides an essential cognitive
resource to attain information that can be assimilated into the knowledge bases.
Based on this argumentation the idea of learning environments advanced to a
central concept of educational psychology and instructional design (Collins et al.,
1994). The point is to organize the environment of learners by means of well-designed
teaching materials and the social conditions in such a way that intended processes of
learning are initiated and facilitated. Thus, the “Florida Commission on Education
Reform and Accountability” (1992) stated shortly: “The school authorities care
for learning environments, which are beneficial for teaching and learning.” – Well
spotted! However, it remains open what kind of learning environment is beneficial.
Everyday experiences with schooling indicate that there is a great variety
of learning environments concerning the degree of guidance by instructors. In
educational practice, the spectrum of possible learning environments might
4
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range from highly restricted and supervised learning (tutelage) to a both largely
unrestricted and weakly supervised learning.
At this point, the “philosophical orientation” of education and instruction makes
the difference. The behaviorist tradition (e.g., programmed teaching and learning)
favors a rigid tutelage, whereas constructivists argue that learning cannot be
externally forced but rather only supported by the environment. Aiming at learning
support, the environment must be designed in such a way that it provides learners
with optimal conditions for the development of their own initiatives. Instructional
interventions must be reduced to a minimum (Farnham-Diggory, 1972).
This corresponds with Stolurow’s (1973) concept of transactional instruction
aiming at the creation of learning environments that provide opportunities for
reflective thinking. Learning environments must organize the external conditions
of a maximal cognitive and motivational evolvement; they should operate with
minimal interventions in order to offer a wide space for learning and thinking.
Accordingly, Hannafin (1992, p. 51) proposed the following definition of
learning environments: “Learning environments are comprehensive, integrative
systems that promote engagement through student-centered activities, including
guided presentations, manipulations, and explorations among interrelated
learning themes.”
In accordance with the previous argumentation, we can specify some general
requirements for effective learning environments:
1. Learning environments have to motivate the learners by means of provoking
expectations that initiate reflective thinking about the objects to be learned.
2. Based on an appropriate preparation of the teaching materials as well as
specific instructional activities (presentation, interpretation, explanation,
development of lines of thought, and scaffolds), learning environments
eventually aim at self-organized learning. This presupposes a continuous
feedback about the learning outcomes.
3. Learning environments aim at those learning processes that contribute to the
development of the abilities of cooperation and communication, exploration
and identification of social relations within peer groups.
The implications for the design of learning environments are obvious: First of
all, learning environments have to provide an appropriate context or organizing
issue for learning activities; then they have to provide assistance and scaffolds
as well as other resources among which the learner can choose the very best for
a more thorough comprehension.
The development and organization of learning environments is a complex task,
which demands the simultaneous consideration of numerous components and their
relationships. This can be illustrated with reference to the “Larnarca Declaration on
Learning Design” (see Figure 1.1).
5
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Figure 1.1. The “Larnarca Declaration on Learning Design”
(adapted from Dalziel et al., 2013)

Up to now, we have referred to instructional/learning design as a tool for the
development of learning environments. However, instructional design is more
than the concrete planning and arrangement of learning environments. In fact,
instructional design also denominates a scientific discipline concerned with
educational planning.
INSTRUCTIONAL DESIGN: A SCIENCE OF EDUCATIONAL PLANNING

The field of instructional design […] encompasses the analysis of learning
and performance problems, and the design, development, implementation,
evaluation and management of instructional and non-instructional processes and
resources intended to improve learning and performance in a variety of settings,
particularly educational institutions and the workplace. (Reiser, 2001, p. 57)
Instructional design is a scientific discipline primarily concerned with the generation
of detailed and precise prescriptions for the development, implementation, evaluation
and maintenance of situations that aim at the initiation and facilitation of learning
processes within subject areas. Instructional design contains both scientific and
technological theories on the design of learning environments.
6
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Scientific theories provide a basis for the description, explanation and prediction
of particular issues, while technological theories provide a fundamental basis for the
exploitation of rules or prescriptions aiming at the optimization of practical actions.
In other words, technological theories provide a concrete guidance of actions aiming
at the transformation from theory into practice (Bortz & Döring, 2002).
In instructional design, scientific and technological theories are equally important:
A scientific theory represents the necessary fundament for a technology, which on its
part is nothing else than the transformation of a scientific theory into practice.
It is all very well to say that, but looking ahead to the year 2000, Gustafson,
Tillman, and Childs (1992) have suggested that “we shall eventually find ourselves
on the path toward a theory of instructional design” (p. 456) if it is able to expand its
intellectual basis in the not too distant future. Eight years later Gordon and Zemke
(2000) concluded that instructional design in its current form is as good as dead
because its foundation is not suitable for facing new societal and technological
demands. Fifteen years later, instructional design is still alive – according to the
proverb that “there’s life in the old dog yet.”
Actually, several paradigm shifts of education and psychology as well as new societal
and technological demands have challenged instructional design as both a discipline
and a technology in the past decades. As a result, we could, from time to time, observe
a substantial uncertainty in the field with regard to epistemological, psychological
and technological foundations of instructional design. On the other side, over the
decades, instructional design has continued to evolve, assimilating and advancing
theories from psychology, systems theory and communication technologies. Recent
additions have been influenced by constructivism, situated cognition, e-learning
approaches to distance education, and information theory. Thus, Ritchie and Earnest
(1999) conclude that “with each iteration, we enhance our understanding of how to
impact the performance of individuals and organizations” (p. 35). Later we will sketch
the history of instructional design to verify this conclusion. Prior to this, we want to
clarify the main constituents of instructional design as an educational discipline. As a
first step, we have to define the central theoretical terms of instructional design.
Basic Theoretical Terms
Let us start with the term “design.” Design (Latin: designare = to adumbrate sth.)
bears the meaning of drawing and drafting. Accordingly, a design can be defined as
“in due form” and functional representation of any commodity or object of utility.
Correspondingly, we have to distinguish between
• design as draft, plan or blueprint, and
• design as forming, composing and modeling of an object of utility.
That means, design is both a process and product.
In general, design primarily can be considered as a comprehensive process of
forming, composing and modeling that presupposes multiple working steps carried
7
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out by several people. The process of design entails a particular product that has
to serve the specific interests of a particular target group. Commonly, a designer is
someone who composes objects of utility or convenience goods. This activity is often
considered as the expression of artwork – in contrast to an engineer who develops
technical products in accordance with practical convenience. Willingly, technology
and design or engineer and designer, respectively, are considered as counterparts.
A stereotype attributes “rationality” to the engineer whereas “aesthetics” and
“emotionality” are considered as main characteristics of the designer. Sometimes,
design is conceived as an effort to show the technology’s true colors (Reese, 2006).
For a long time, this cliché determined the self-concept of engineers and designers
whereby the design was subordinated to the question “what a product technically
can perform.” In the meantime, it has changed because the design of products has
developed to a decisive factor of marketing in the global competition. As a side
effect, however, there is an inflationary trend to use the term design for all sorts of
things. In view of the history of instructional design, we can assume that the use
of this term is not considerable as vogue. Nevertheless, a central question remains:
What actually is the object of utility formed by instructional designers? The answer
to this question lies in the term of instruction.
Beyond the everyday understanding of instruction as an explicating and informing
guide for the use, interpretation and realization of something, instruction denotes the
act or process of imparting knowledge or skills to another person. Synonyms of
instruction are schooling, teaching, training, tutoring, and tutelage. This corresponds
with the original meaning of didactics (greek: διδάσκειν (didáskein)) in sense of
teaching, training and learning being taught. However, similarly to instructional
design, the term didactics usually is not used in its original meaning but rather serves
the denotation of an educational discipline discussed as a science of teaching and
learning at all levels and in all forms (Dolch, 1965). In a narrower sense, didactics is
understood as theory of schooling. This makes the difference to instructional design,
which is primarily concerned with teaching and learning outside school, such as
vocational training and higher education.
The term of instructional design refers to a North American tradition of
educational planning that differs, to some extent, from the German tradition of
didactics (Seel & Hanke, 2011; Zierer & Seel, 2012). A major difference to didactics
also exists with regard to the emphasis of instructional design on technologyenhanced learning environments. Finally, the application of the term instructional
design expresses an educational program, which is not only concerned with the
“construction” of instruction but rather also with the aesthetical arrangement of
learning environments. Thus, it seems likely to compare an instructional designer
with an architect: The instructional designer is the architect of learning environments
in terms of the constructive arrangement of settings of teaching and learning.
Similar to the design of a building or a bridge on the basis of verifiable calculations,
the design of instruction grounds on verifyable requirements and regularities of
human learning.
8
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Instructional design is concerned with planning and composing of instructional
systems in general, but there traditionally has been a strong tendency to incorporate
information and communication technologies. This tendency has affected some people
to use synonymously the term of Instructional (Systems) Technology. According to
some authors (e.g., Schwartz & Beichner, 1998) this theoretical term refers to the
systematic application of theoretical and practical knowledge onto the intentional
development of instructional systems. Seels and Richey (1994) define instructional
technology as “the theory and practice of design, development, utilization,
management and evaluation of processes and resources for learning” (p. 1). This
definition emphasizes the necessity of finding a balance between the theoretical
foundation of instructional design and its use in the educational practice.
In a broad sense, the term technology conceives any systematic application of
scientific knowledge onto practical issues. Accordingly, instructional technology
can be defined as the systematic application of theories on learning and teaching
onto the practical issue of developing instructional systems. Thus, Instructional
Systems Development (ISD) refers to the design of specific arrangements of
resources and methods in order to improve learning.
According to the previous argumentation, the term instructional design refers
primarily to operative processes of forming and composing effective learning
environments in order to serve the educational needs of adressees and clients.
General Strategies of Instructional Design
The major intention of instructional design is the development of learning
environments on the basis of suitable theories of learning and teaching that
ensure the quality of teaching and educational interventions. In accordance with
this basic understanding, instructional design contains the complete process of
planning – starting with the analysis of needs and objectives along the development
of instructional materials until the point of implementation and evaluation of the
effectiveness. For this purpose, different strategies are applied (Reigeluth, 1983):
• Organizational strategies concerned with both the gross and detailed planning
of settings of teaching and learning in order to determine how a course of lesson
should be arranged and sequenced.
• Delivery strategies concerned with decisions on how information can be
transmitted to the target group of learners.
• Execution strategies concerned with decisions on methods to assist the learner to
deal effectively with instructional materials.
Instructional design is a dynamic process aiming at the development of effective
instructional systems within a different range of coverage. According to a narrow
9
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interpretation, instructional design refers to the planning of a small instructional
unit within a short time period. A wider interpretation is related to the planning of
lengthy courses, and the most comprehensive interpretation refers to a long-term
implementation of educational programs and their evaluation.
Almost any planning occurs under predetermined conditions, such as
incomplete information. Therefore, a thumb rule says that a larger time frame
of planning reduces the reliability of available information. In consequence, it
seems likely to operate long-term with a rough and aggregated plan, whereas a
short-time perspective requires a more detailed planning. Long-term planning
covers a period of two and more years, mid-term planning takes a few months up
to 2 years, and short-term planning refers to days, weeks or a couple of months
(Klein & Scholl, 2012). With regard to the factual contents of decisions and their
educational consequences, a distinction should be made between strategical,
tactical and operative planning. In general, strategical planning runs rather longterm, tactical planning runs mid-term, and operative planning is short-term (see
Figure 1.2).

Figure 1.2. Scopes of planning (adapted from Klein & Scholl, 2012, p. 19)

Correspondingly, in instructional design different levels of planning are
distinguished: At the micro-level, the planning and design of single instructional
10
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units are in the foreground, whereas planning on a meso-level refers to the design
and development of more comprehensive instructional systems and training
programs that may last several weeks and months (e.g., a course on change
management). At the macro-level, instructional design can be involved with the
planning and implementation of comprehensive educational systems over months
and even years. This corresponds a large scale of instructional design and can be
illustrated by the example of curriculum development. Indeed, there are several
examples for the successful application of instructional design at the macrolevel of educational planning in developmental countries (Fretwell et al., 2001;
Morgan, 1988, 1989). Thus, the spectrum of instructional design ranges from
planning of single instructional events to the planning of educational systems of
nations.
Clearly, a long-term planning cannot be a highly detailed plan that precisely
determines what actions will be effective in two and more years. However, this
holds true with regard to short-term planning, too. Therefore, a naïve devoutness
to educational planning is probably not the best solution for educational practice
because numerous practical problems of educational planning actually result from
the fact that any planning is oriented onto “future knowledge” that is afflicted with
considerable uncertainties. They grow bigger the longer the periods of planning are,
and any prediction of the effectiveness of planning gets worse the more detailed the
matters of fact are.
Topics of Educational Planning
In the first instance, the object of planning must be determined in combination
with the distinction between the level and the domain of planning. The planning
level contains the overall specification of objectives as well as the agreement on
strategies, tactics, and operations of planning. On the other hand, the scope of
planning encompasses the different components and phases of planning, such as the
composition of a learning environment and its evaluation.
Another essential topic of educational planning consists in the organization
of necessary decisions in accordance with the precept that any decision made at
a certain phase of planning can strongly affect decisions in other phases. Every
decision exhibits different premises: Normative and evaluative premises include
the educational objectives as well as the societal and organizational constraints of
education. Factual premises refer to the given educational context and the physical
and psychological constraints of a particular setting and the expected results of
action. Methodical premises comprise suitable methods for solving decisional
problems whereby the quality of a chosen method depends on the quality of its
result.
Closely related with methodical premises is the determination of planning
instruments discussed in terms of systematic procedures for the exploitation and
processing of information that aim at the support of planning processes. In the
11
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field of educational planning, we can find, for example, analytical instruments of
project management as well as heuristic procedures aiming at the identification of
alternatives by means of creative techniques and prognostic procedures, such as the
Delphi method.
With regard to the planning process, we can record that education planning
usually occurs along a sequence of phases and multiple steps. Accordingly, the
planning process essentially contains the phases of analysis, evaluation, comparison
and decision-making related to the development of drafts or blueprints and their
recursive evaluation. Thus, the process of educational planning must be understood
as a comprehensive and cyclical discourse with many elements. The implementation
necessarily belongs to the central topics of educational planning, because only the
realization of a plan informs about success.
In general, educational planning should be SMART, that is, it must be specific,
measurable, accepted by the participants, realistic and timely (Doran, 1981). In other
words, educational planning must be strategical (Kaufman et al., 1996). Correspondingly,
educational planning and instruction design often are discussed with regard to their
contributions to human performance improvement (Morrison et al., 2011).
The performance improvement model expands and encompasses ID models
to provide methods and techniques for solving human performance problems.
According to the International Society for Performance Improvement, human
performance improvement is understood as “a systematic approach to improving
productivity and competencies, and it uses a set of methods and procedures and
a strategy for solving problems. More specifically, it is a process of selection,
analysis, design, development, implementation, and evaluation of programs
to most cost-effectively influence human behavior and accomplishment”
(www.ispi.org).
Most definitions of human performance improvement share the following main
features (e.g., Conn, 2003; Pershing, 2006; Stolovitch & Keeps, 1992):
1. Using a systematic approach to identify human performance problems and
solutions,
2. Making a foundation in scientifically derived theories and empirical evidence,
3. Taking a systemic view of human performance gaps,
4. Being open to all means, methods, and media to implement both instructional and
non-instructional solutions, and
5. Focusing on achievements that value both individual workers and organizations.
Obviously, the conceptual relationships between instructional design and human
performance improvement are so obvious that Aziz (2013) asked the question
for (the) true similarities and differences between instructional (systems) design,
organization development, and human performance technology/improvement.
The answer is that human performance improvement presents an overarching
framework for selecting and measuring instructional systems design or organization
development interventions.
12
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Summary
Corresponding with the distinction between design as draft or plan and design
as forming and composing an object of utility, instructional design denotes
the process of systematic planning and shaping of learning environments. In
addition, instructional design denominates an educational discipline that is
concerned with the development of theories of effective teaching and learning
as well as with their conversion into educational practice. Thus, instructional
design is both a science and a technology of planning. The latter is also named
Instructional Systems Development (ISD), which aims at the design of learning
environments in order to initiate and organize specific learning processes. In
the case of a strong emphasis on technological aspects, the term Instructional
Technology is used in the field.
Adjunct Questions:
Q 1.1:	What is the difference between instructional design and learning design?
Q 1.2:	What are the most prominent fields of application of instructional design
compared to didactics?
Q 1.3:	What is the difference between instructional design, instructional system
development and instructional technology?
Q 1.4: Which phases of instructional design can be distinguished?
A Short History of Instructional Design
Some authors (e.g., Dick, 1987; Reiser, 2001) relocate the emergence of instructional
design in the time of the Second World War but the roots can be traced back to the
very beginning of the 20th century when systematic planning of instruction became
a scientific topic (Seel & Hanke, 2011). A milestone in this movement was Tyler’s
(1949) conception of curriculum-based learning objectives and the systematic control
of their realization on which the concept of formative evaluation builds. Later, this
became a central issue of instructional design. The 1940s were characterized by an
enormous demand for training in the military. Among others, one option was the use
of instructional motion pictures. Subsequently, educational technology advanced to
the hallmark of this period. According to Saettler (1968), the Division of Visual Aids
for War Training from 1941 to 1945 produced 457 talkies, 432 silent movies, and
457 manuals for military training.
In the 1950s, Skinner (1958) distinguished between the “science of learning and
the art of teaching” and propagated a technological turn of instructional planning by
emphasizing programmed instruction in accordance with the principles of operant
conditioning. Subsequently, programmed instruction found a worldwide distribution
until the mid of the 1960s. Although programmed instruction had been criticized
again and again, it cannot be ignored that this movement brought some essential
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innovations of instructional planning, such as the operationalizing of learning
objectives and task analysis. Parallel with programmed instruction, cybernetics
and systems theory produced a paradigm shift, which influenced also the field of
educational planning. The application of cybernetic principles onto education
and instruction can be illustrated with the textbook of Smith and Smith (1966),
who explicitly used the term of educational design. In the 1960s, some German
pedagogues (e.g., Frank, 1962; von Cube, 1965) emphasized the application of
cybernetics on education in general, and in the 1970s, König and Riedel (1970, 1973)
formulated a didactics based on systems theory that exhibited many commonalities
with models of instructional design developed at the same time in the U.S.A.
Behaviorism and cybernetics prepared the “birthday” of instructional design as
a discipline for instructional planning, but it was a political crisis, which turned the
balance: In 1957, the Soviet Union shot Sputnik into the space. Today, it is hardly
imaginable which shock the Sputnik evoked in the U.S.A. The self-assurance of
the American nation had been sensitively damaged, and as a result, the American
educational system had been criticized. In the course of this, new curricula in the
fields of mathematics and science had been developed, as well. At the same time,
the need of empirical research on teaching and learning was being emphasized. In
1966, Glaser summarized the existing results of this research. For the first time, he
connected the analysis of the conditions of learning with the development and design
of instruction for what he coined the term Design of Instruction. Simultaneously,
Gagné (1965) published a textbook on the Conditions of Learning, for which he
distinguished different human ccapabilities such as verbal learning, intellectual skills,
cognitive strategies, and attitudes. In addition, he assigned essential principles of
effective teaching to the conditions of learning. Therewith, Gagné not only developed
the fundamental basis for the emergene of instructional design as an educational
discipline, but also provided the psychological foundation of instructional design
(Dick & Carey, 2009; Gagné et al., 2005).
The third originator of instructional design was Patrick Suppes who started research
on Computer-Assisted Instruction (CAI) in the 1960s (e.g., Suppes, Jerman, &
Brian, 1968; Suppes & Morningstar, 1969). Based on a systematic analysis of the
curriculum, CAI provides the learners with feedback, intersections and answers to
questions, i.e., aspects that characterize learning software until today.
Already at the end of 1960s, numerous models of instructional design alluded
to Gagné, Glaser and Suppes. Later in the 1970s and 1980s, much more models
proliferated (Reigeluth, 1983; Tennyson et al., 1997). Altogether these models
are called the first generation of instructional design. Beyond the most influential
model of Gagné and Briggs (1974), the Component Display Theory of Merrill
and the Elaboration Theory of Reigeluth can be listed. According to Stolurow (1973,
p. 361)
The design of learning environments is a developing technology […]. This
process contains multiple stets. A task analysis is a typical first step. Based
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on this analysis, a series of behavioral objectives will be developed. Then test
items are prepared in order to generate a criterion-referenced test through which
the effectiveness of instruction can be assessed and the gaps in the learner’s
learning progression can be determined. A hierarchy will be generated to
illustrate the structured baseline of learning objectives and to prioritize those
objectives, which must be observed as guidelines of the development of the
instructional program or the teaching materials […]. The development of
teaching materials must take into account that they can be learned at different
levels of skills.
The second generation of instructional design resulted from efforts to automatize
processes of instructional design, or at least, parts of them, by means of tools that had
been generated in the field of Artificial Intelligence (Merrill et al., 1991). Even for the
approach of Automated Instructional Design (AID) the impetus came from Gagné,
who propagated the idea to generate computer-based expert systems that should be
capable to automatize parts of ID and ISD in order to assist non-experts in making
appropriate decisions in the course of the development of instructional systems.
Examples for the first attempts of AID are the tutorial advisory systems GAIDA
(Guided Approach to Instructional Design Advising) und XAIDA (Experimental
Advanced Instructional Design Advisor). In Germany, Flechsig (1990) developed
the prototype of the computerized knowledge-based system CEDID, which did not
survive the first tests. Nevertheless, the literature on Intelligent Tutorial Systems
and expert systems reports a variety of activities in the research and development of
AID-tools (e.g., Spector & Ohrazda, 2003).
From today’s view, the idea of AID was not as successful as its advocates believed
at the beginning. Certainly, one reason was that the possibilities of intelligent tutoring
systems and expert systems remained limited, another reason was the missing
business market. However, probably the biggest obstacle was that most approaches
of the second generation of instructional design were based on traditional models
of the first generation. More recent approaches of AID, such as Designer’s Edge
(2003) provide interesting alternatives for instructional design on the basis of objectoriented programming. We describe this tool in Chapter 3.
The partial failure of AID, as well as the unflinching conventionalism of the
traditional models of the first generation of instructional design, caused a substantial
crisis of instructional design in the 1990s that often is denominated as objectivismconstructivism-debate (Dick, 1993; Merrill, 1992). In view of the paradigm
shift in psychology – the so-called “cognitive revolution” (Bruner, 1990) – the
metatheoretical fundamentals of instructional design had been challenged. On the
one side, this produced a far-reaching uncertainty with regard to the epistemological
foundation of instructional design, on the other side cognitive theories of learning
advanced to the leading rationale of instructional design and, in consequence, focused
on complex problem solving and the design of corresponding learning environments
(Jonassen, 1997, 1999).
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In a nutshell, the new approaches constituted the third generation of instructional
design that is not only characterized by the orientation onto the cognitiveconstructivist paradigm but also through the intentional moving away from the
traditional ID models of the first generation. However, not every new approach of
instructional design of the third generation is constructivist by nature. For example,
Cognitive Load Theory (Sweller et al., 1998) or the 4CID-Modell (Merriënboer,
1997) still stick to the objectivist perspective, although they incorporate cognitive
theories of learning. The same holds true for the DO-ID model of Niegemann et al.
(2008).
Positive examples of constructivist approaches of instructional design are
the concept of constructivist learning environments (Jonassen, 1999), the
comprehensive conceptions of generative leaning and teaching (Kourilsky &
Wittrock, 1992), anchored instruction (Pellegrino, 2004), goal-based scenarios
(Schank et al., 1993/94), learning by design (Kolodner et al., 2004; Kafai &
Ching, 2004) and model-centered learning and instruction (Gibbons, 2001; Seel,
2003a). In addition to their basic orientation to the constructivist paradigm, these
conceptions are characterized through a strong combination of research and
development. In contrast to the ID models of the first generation, conceptions
of the third generation do not prescribe the proceeding in planning of learning
environments but rather they operate on the basis of research-based principles
aiming at the facilitation and optimization of cognitive learning and complex
problem solving. Thus, at the first time in its history, instructional design realizes
a theoretically sound research on the effectiveness of pedagogical conceptions and
instructional systems.
The historical retrospection on instructional design supports the conclusion of
Merriënboer, Seel and Kirschner (2002) that theories and models of instructional
design exist in a diversity of types and variants, and they represent essentially
different “worlds” (of knowlegde, learning, work). In these worlds, prospects to help
individuals to learn better result in different answers to questions what to teach and
how to teach. In reply to these fundamental pedagogical questions, the models of the
different generations of instructional design complement one another but they are
deposited at different phases of the process of instructional design. From our point
of view, models of the first generation can provide an invaluable service in case of
systematic planning and design of instructional systems and learning environments,
whereas models of the third generation can generate a fundamental basis for the
necessary combination of research and development related to the effectiveness
of learning environments that aim at complex problem solving. Momentarily, we
can observe a trend in instructional design to emphasize the aspect of creativity
in generating instructional systems. In addition, the emphasis is on pragmatic
procedures of design, such as rapid prototyping (Desrosier, 2011), that intend to
convey flexility of planning and “discourage a linear, sequential and mechanistic
approach to design” (Moore & Knowlton, 2006, p. 59).
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Summary
The start of instructional design can be traced back to the beginning of the 20th
century and the emerging behaviorism. Then, instructional design was booming
in the time of World War II and later in the 1960s when the “Sputnik shock”
resulted in a strong emphasis on empirical research on instruction and the
development of instructional design as a discipline of educational planning. Four
scholars exerted a significant influence on this development:
(1) Skinner (1958), who contrasted the science of learning with the art of
teaching and campaigned for the transformation of behaviorist principles of
learning to programmed instruction. (2) Glaser introduced the term design
of instruction, and (3) Gagné assigned nine events of instruction to different
conditions of human learning. (4) Suppes introduced information technologies
as a constituent of instructional design.
Subsequently, numerous models of instructional design have been generated
that can be summarized as first generation of instructional design. A main feature
is their foundation on systems theory and cybernetics. Prominent examples of
this generation are the models of Gagné and Briggs and of Dick and Carey that
dominate the field of instructional design until today.
A second generation of instructional design resulted from the efforts to
automatize, at least to some extent, processes of instructional design by means
of intelligent tutorial systems and expert systems.
The third generation of instructional design distinguishes from the former
generations not only due its orientation to the cognitive-constructivist paradigm
but also through an intentional move from the traditional models of instructional
design. A major characteristic of the third generation is the combination of
research and development as well as the integration of pragmatics and creativity
in the process of instructional planning.
Adjunct Questions:
Q 1.5:	What are the most important differences between the ID models of first and
third generation?
Q 1.6:	
Why it is justified to attribute a failure to the second generation of
instructional design?
Q 1.7:	
Ritchie and Ernst (1999) conclude, “with each iteration, we enhance
our understanding of how to impact the performance of individuals and
organizations” (p. 35). Please, clarify this conclusion by referring to the
objectivism-constructivism-debate.
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INTRODUCTION

Up to now, instructional design has been described as a science of planning (Leshin,
Pollock, & Reigeluth, 1992; Schott, 1991) that contains both a theory and technology
of planning.
The theory of planning is concerned with the investigation of regularities in
educational processes of planning, whereas the technology of planning produces
prescriptions for the concrete arrangement of the planning process.
The crux of matter is to produce effective models of actions that put theory into
practice. From this point of view, instructional design is conceived as the practice of
educational planning, which, however, refers to different facts.
“THE EARLY BIRD CATCHES THE WORM”

The proverb “the early bird catches the worm” means to start early with tasks to be
accomplished in order to improve the chance of success. From our point of view,
this proverb is a suitable metaphor for instructional design in practice that should
start as early as possible in order to avoid aberrations. In his bestseller on the habits
of effectiveness, Covey (2004) argued: “To begin with the end in mind means to
start with a clear understanding of your destination. It means to know where you’re
going so that you better understand where you are now so that the steps you take
are always in the right direction” (p. 98). In the related literature on instructional
design, this strategy is called “backward design” (e.g., Wiggins & McTighe, 2005).
It corresponds with traditional models of instructional design as described later in
the book. Shortly said, backward design contains three major steps (see Figure 2.1).

Figure 2.1. The major steps of backward instructional design as described
by Wiggins and McTighe (2005)
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Often educational planning is combined with comprehensive expectations and
a forward-looking coordination of competing alternatives of educational decisions
concerning objectives, contents and methods of teaching. Accordingly, Harris and
Hofer (2009) have pointed out that planning a particular learning event can be
described as the result of five basic instructional decisions:
1. Choosing among instructional goals,
2. Making practical decisions about the nature of the learning experience,
3. Selecting and sequencing appropriate activity types to combine to form the
learning experience,
4. Selecting formative and summative assessment strategies that will reveal what
and how well students are/were learning, and
5. Selecting tools and resources that will best help students to benefit from the
learning experience being planned.
Instructional design in practice presupposes a specialized and highly applied
knowledge. According to Shulman’s (1986, 1987) topology and taxonomy of
teachers’ professional knowledge (also called pedagogical expert knowledge)
and its further developments (e.g., Baumert & Kunter, 2006; Bromme, 1997), the
knowledge needed for the design of effective learning environments not only contains
knowledge about particular subject matters to be taught (i.e., content knowledge). To
design effective instruction and/or learning environments one needs also to possess
knowledge about various generic strategies and methods of instruction, diagnostics,
testing, and assessment (i.e., general pedagogical knowledge). Last, there is the
need for knowledge about didactical and diagnostical potentials of content specific
tasks, idiosyncratic experiences concerning useful forms of presentation and
representation, an understanding of what makes a specific content easy or difficult
to learn, as well as basic knowledge about preconceptions with which learners of
different age and social background enter the learning environment (i.e., pedagogical
content knowledge).
Clearly, the multidimensional professional knowledge on an expert level does not
appear from nowhere but presupposes a continuous development of expertise based
on many years of deliberate practice (e.g., Berliner, 2001, 2004; Livingston & Borko,
1990). Additionally, one needs to consider that the practice of instructional design
often includes the work of a team with experts in the aforementioned knowledge
domains. Teamwork could integrate, for instance,
• an expert for communication and counseling skills in banking (i.e., expert of the
content to be taught),
• an expert for generic teaching and learning concepts, methods and strategies of
planning as well as of instructing and diagnostics/evaluation (i.e., an expert of
general pedagogics or rather instructional design), and
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• an expert for banking staff training, who is aware of issues and potentials within
the realm of the content to be taught and the target learning group.
The Development of Design Expertise
With regard to the processes of educational planning, it has been argued consistently
over decades that novices in the field of instructional design should lean on one of
the process models that have been developed in order to accomplish the development
of instructional systems in professional manner. With regard to more advanced
instructional designers, Pieters (1995) assumes that they usually switch to their own
routines in dependence on the expertise developed over time.
A thumb rule says that the development of expertise needs about ten years
replenished with continuous deliberate practice (Ericsson, 1996). Not only teachers
need their time for becoming experts of teaching (cf. Leinhardt & Greeno, 1986) but
also instructional designers. The path leading to expertise in the field of instructional
design is long and uneasy because the method of deliberate practice with its
elaborate and intentional routines presupposes numerous repetitions of small and
specific behavioral units as well as metacognitive awareness (Ericsson et al., 1993;
Seel, 2003a). As in the development of expertise in playing music, it is not so much
the quantity of exercises that makes deliberate practice successful but rather the
quality of exercises. A key feature of deliberate practice is providing the practitioners
with feedback concerning their performances. In this context, the use of pedagogical
agents can be effective as Baylor (2002) demonstrated in an experimental study with
125 preservice teachers.
From the view of cognitive psychology, the nature of expertise in the field of
instructional design is characterized through proceduralization as a process to
transform declarative knowledge (knowing what) to procedural knowledge (knowing
how). In other words, novices must know what instructional design is and what steps
are necessary for the generation of a particular learning event. At the end and as a
result of deliberate practice, there will be a more or less routinized realization of steps
in accordance with a schema, that is, a plan or a script. For this purpose, strategic
learning is a precondition to acquire appropriate means for solving design problems.
Attention should be paid to the fact that the development and maintenance of schemas
needs many experiences with the accomplishment of similar tasks (Seel, 2003a).
Experts in the field of instructional design differ from novices inasmuch as they
shape the process of instructional planning by means of procedural knowledge,
which is organized in plans or scripts (e.g., Ertmer & Stepich, 2005; LeMaistre,
1998; Perez & Emery, 1995). In addition, instructional design experts take into
account the learners’ individual motives and learning strategies as well as general
background experiences and particular intentions (Hardre, Ge, & Thomas, 2006).
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Furthermore, it appears that instructional design experts orient themselves rarely
on one of the existing planning models (Wedman & Tessmer, 1993) but rather
operate with a “layers-of-necessity” model of instructional design focusing only on
specific activities of instructional planning and development (Tessmer & Wedman,
1990). That means, instructional design experts focus on the phases of design that
are considered as problematic (Liu et al., 2002; Winer & Vásquez-Abad, 1995).
Altogether, these studies provide the picture that instructional design experts, who
refer to a planning model, do not follow strictly this model but rather in accordance
with momentary necessities. In addition, they are also concerned, to a large extent,
with tasks that are not part of traditional planning models (cf. Kenny et al., 2005).
Principles of Flexible Planning
Instructional design in practice, discussed in terms of a technology of planning,
refers, on the one hand, to the planning and development of comprehensive
instructional systems (e.g., in the field of vocational training or in schools). This is
called global planning. On the other hand, instructional design aims at a mandatory
determination of pedagogical activities, and thus, is concerned with the planning of
specific aspects of learning and instruction. This is called detailed planning. In both
cases, a pedagogical need for action is deduced from a discrepancy between the
actual state and the target state of knowledge or skills. From this discrepancy follows
the liability of planning.
Since any planning is unavoidably based on incomplete and uncertain knowledge,
always the same dilemma results: The more concrete and long ranging something
is planned the more increases the probability of incorrect planning. However, an
abstinence of planning (“as one pleases”) increases the risk to lose the tolerance for
future decisions. This dilemma consequently suggests a sophisticated and strategical
planning process that allows anticipating long-term developments to prohibit
that instantaneous decisions miss out and block actional options. Simultaneously,
mandatory constraints of future actions must be restricted to a minimum in order to
arrange adaptively alternative options of decision-making. This corresponds with
the approach of flexible planning and presupposes
1. a continuous testing of planning steps with regard to relevant decisions, and
2. the willingness and capability of the decision maker to realize necessary
modifications of actions.
Independent of the varying range of educational planning we assume that flexible
planning generally runs along a sequence of seven steps (see Figure 2.2).
Educational planning may serve different objectives and functions. However, a
main function consists in the sustainable improvement or change of the educational
system and its various sectors. Here, educational plans may vary in dependence of
the degree of the concretion of pedagogical prescriptions and their binding character.
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Figure 2.2. Steps of flexible planning in the field of instructional design

COMPONENTS OF INSTRUCTIONAL PLANNING

The practice of instructional design aims at
• the description of future issues of teaching and learning,
• the prospective rethinking of action alternatives and environmental constraints
(i.e., what should be in dependence on particular decisions), and
• the elaboration of conditioned prescriptions for design and action in the sense of
anticipatory decision making.
Shortly said, instructional design in practice combines learning objectives, contents
and organizational constraints as well as methods and instruments in the format of
well-established prescriptions with regard to the object of planning, organization
of planning, instruments of planning, and implementation of the plan. Concerning
the planning object, we have to distinguish between the level and the scope of
planning (as mentioned in Chapter 1). The level of planning includes the definition
of objectives, the agreement on strategies and tactics of planning, as well as the
operations to be realized in detail. The scope of planning refers to the subcomponents
and phases of planning in accordance with a more comprehensive model of planning.
In case of the organization of planning leading conceptions are usually based on
theories of decision making (e.g., Seel et al., 1995; Niegemann et al., 2008). The
basic assumption is that each decision with regard to a particular subcomponent
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is connected with decisions concerning other components. Therefore, all decisions
must be compatible. In the past decades, the use of a model, which illustrates the
miscellaneous components of instructional design and the decisions to be made, has
been found to be effective, particularly for less experienced instructional designers
(Ertmer et al., 2008). “Models shape the consciousness of those who use them”
(Ryder, 2003, p. 1), and thus, they simplify the complex reality in such a way that only
facts and relationships are considered that are essential for a decision. In Figure 2.3,
a general view on the major components of instructional design is depicted.

Figure 2.3. A general view on the major components of
instructional design (Seel, 1999, p. 6)

Closely related with the organization of planning is the application of particular
instruments and tools aiming to support the instructional planning in detail.
Conventionally, instructional designers use analytic instruments that refer to task
analysis and the sequencing of learning tasks (e.g., Jonassen, Hannum, & Tessmer,
1999; Schott, 1992). In addition, project management and corresponding tools are
emphasized in the literature (e.g., Niegemann et al., 2008; Zawacki-Richter, 2007),
and downright the Internet offers many exercises including checklists and best
practice examples of successful instructional design (Mager & Pipe, 1984; Snyder,
2009).
Each plan remains virtual and fictitious as long as it is not realized. Accordingly,
the literature on instructional design emphasizes the centrality of implementation
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because it is plausible that only the execution of a plan can provide information about
its success and effectiveness. In consequence, both the implementation and formative
evaluation of a designed learning environment play a prominent role in every model
of instructional design (cf. Ross & Morrison, 1997). Multiple implementations of the
exact same planned instruction might differ strongly and this diverseness results in
different necessary adjustments to costs, achievements, energy, duration and extent
of instructional events, courses or lectures. The issue of implementation refers to the
accuracy and type of a plan’s realization.
The success of an instructional event can be attributed to three related factors:
(1) The accuracy of the implementation with regard to intended processes, (2) the
degree to which particular interventions are supported by empirical data, and
(3) the accuracy of the execution of the interventions. However, the accuracy of
implementation can be limited due to several factors (Gresham et al., 2000), such as
• the complexity because the more complex a pedagogical intervention is the bigger
is the probability of an imprecise or insufficient implementation,
• the necessary materials and resources that must be disposable or producible,
• the perceived real effectiveness and credibility because an implementation can fail
when the instructional designer believes that a chosen approach is not effective or
consistent with the given constraints, and
• the participating persons because their number, expertise and motivation affects
the quality of an instructional system and the accuracy of its implementation.
Altogether, the described constraints turn the practice of instructional design into an
exceedingly complex issue that demands for a far-reaching decision-making. Often
instructional decisions appear to be relatively straightforward until one takes a step
back and looks at the entire picture from an alternative perspective. Actually, there
are several important factors, such as uncertainty, risk of failure, interpersonal issues,
and complexity, that actually influence a decision in the field of instructional design.
Summary
In general, the practice of instructional design strives for a balance between
long-term planning and the accomplishment of current tasks. Therefore, flexible
planning is considered as a vital element of instructional design in order to find a
balance between global and detailed planning. Instructional design has its points
in a technological tenor oriented to rational decision making through which
objectives, conditions, methods and instruments are interrelated in form of welltried prescriptions. Important issues of instructional design are the determination
of the object of planning and its organization as well as the chose of appropriate
instruments for planning and mastering a successful implementation. Since
instructional design is a complex problem novice designers should rely on some
model of instructional design.
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The development of expertise presupposes a lot of deliberate practice until
the designer will be able to operate with a layers of necessity model focusing
only on those activities of planning that are considered as necessary.
Adjunct questions:
Q 2.1:	What are the characteristic features of expertise in the field of instructional
design?
Q 2.2:	What is the difference between global and detailed planning in instructional
design?
Q 2.3:	How can the dilemma be solved that results from long-term planning of
education?
Q 2.4:	What are the advantages of flexible planning and what must be taken into
account?
Q 2.5:	
What is a “layers-of-necessity” model of instructional design and
development?
INSTRUCTIONAL DESIGN AS COMPLEX PROBLEM SOLVING

Many theorists agree on the point that instructional design is closely related with
decision making, and for some of them instructional design is a decision-making
process: “Its purpose is to select the best possible instructional methods given
certain outcomes that instruction is intended to attain, and certain conditions
under which instruction is to occur” (Winn, 1987, p. 60f). This author highlights
the characteristics of decision making in instructional design by comparing it with
the decisions a teacher has to make in the classroom. Clearly, the decision-making
of teachers in the phase of planning a lesson corresponds with decision-making
of instructional designers but in the phase of implementation teachers can decide
spontaneously and interactively on activities to adjust to the requirements of a
current situation (cf. Parker & Gehrke, 1986). Contrarily, instructional designers
who operate outside school often cannot decide in interaction with situational
demands. For example, in the case of distance education all essential decisions must
be made in advance to the implementation of instruction, and wrong decisions in the
phase of planning may produce fatal effects in a pedagogical and economical sense
(cf. Bourdeau & Bates, 1997).
Actually, instructional design in practice is characterized through a multitude
of decisions. For example, in the course of planning the designer has to decide on
the method of instruction in accordance with particular personal, organizational
and social requirements in order to achieve the intended changes of the addressees’
mental and social dispositions (Van Patten, Chao, & Reigeluth, 1986). Further
decisions are necessary with regard to feedback, the degree of the learners’
self-reliance and the methods of assessment and evaluation, and not to forget,
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the fundamental decisions on the contents to be taught, the nature of learning
tasks, as well as their sequencing. Altogether, decision-making in instructional
design is not only complex but also complicated due the fact that the decisions
are interconnected in multiple ways. The decision-oriented ID-model (DO-ID) of
Niegemann et al. (2008) illustrates the complexity of instructional planning (see
Figure 2.4). In this model, the pictured arrows represent the interdependences of
decisions necessary for the design of mulimedia-based learning environments. It
illustrates that the design of multimedia-based learning environments contains
numerous activities related with multifaceted interactions between the various
components (see also Tennyson & Elmore, 1997). Accordingly, many single items
of information from different sources must be processed for achieving sustainable
decisions. In consequence, instructional design at all becomes a complex problem
of decision making.

Figure 2.4. The DO-ID-model for the design of multimedia environments
(adapted from Niegemann et al., 2008, p. 85)
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Decision Making and Problem Solving
According to Jonassen (2012), problems can be characterized in terms of their
scope, structuredness, and complexity what altogether correlates with the level of
cognitive operations necessary to master a task. Basically, problems can be described
by three components: (1) a given initial state sa, (2) a desired final state sw, and
(3) a barrier between sa and sw. A problem occurs if a person does not know how to
proceed from sa to sw, for example, to make gold from straw. With other words, if a
person knows the necessary steps to achieve the desired final state, then there is no
problem but rather a task to be accomplished.
Generally, problems can be differentiated in accordance with the specific type of
barriers one has to pass to reach a solution. First, we can distinguish between welldefined and ill-defined problems. Well-defined problems excel as both the initial and
final state is specified, and a particular sequence of cognitive operations may lead
to a solution. In other word, the necessary information to solve the given problem
is available. Contrarily, in case of ill-defined problems neither the desired final state
can be specified nor is it guaranteed that the applied operations achieve a solution.
A good example for an ill-defined problem can be found in the political situation
in the Middle East. Neither the final state can be clearly described, nor can the
steps needed be specified. Well-defined problems confront the problem solver with
challenges that can be mastered by means of available declarative and procedural
knowledge. The success is only dependent on the prior knowledge of a person and
the ability to apply effective operations.
With regard to the distinction between well- and ill-defined problems traditional
models of instructional design assume that instructional design in practice is a
complex but well-defined problem, which can be disaggregated into subproblems
solvable by reference to any ID model, which prescribes the phases and steps
for accomplishing the task. However, proponents of constructivist approaches of
instructional design do not agree because for them instructional design is an ill-defined
problem demanding productive thinking and creativity. This disagreement corresponds
with the distinction between a result-oriented and a process-oriented approach of
problem solving as discussed in psychology since many years (Hussy, 1984). The resultoriented approach focuses on the product of problem solving, whereas the processoriented approach focuses on the steps of the problem solving process. Regarding the
latter, the central question is how to proceed in order to come to a solution.
In each case, instructional design constitutes a complex problem due to a lack
of transparency as well as a multitude of objectives and variables to be considered
(Funke, 1992). Beside being well- or ill-defined, complex problems can be “open”
or “closed” (Reitman, 1965). An engineer who has to design a bridge at a specific
amount over a river is concerned with a closed problem, whereas an instructional
designer is confronted with an open problem because a proper pedagogical conception
may not result until the end of the design process (or even the implementation of
the learning environment). In other words, when starting the design process the
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instructional designer often does not know precisely how the result will be. As long
as the result cannot be anticipated, the problem to be solved should be understood
as open. From our perspective, it seems likely to compare instructional design with
the production of texts.
After all research on text production (e.g., Eigler, 1998; Eigler et al., 1987) it is
clear that the production of a text is a complex problem with a dialectic barrier. It
can be solved when subsidiary skills (e.g. fluency in producing written language
and retrieval of knowledge from memory) are getting integrated and automatized
(Bereiter, 1980). As soon as knowledge about conventions of writing are integrated,
the next step in authoring a text leads to a consideration of the potential readers.
Eventually, authoring and reflective thinking are linked with each other. By now,
researchers agree on the point that producing a text corresponds with complex
problem solving in which different interconnected processes must be integrated
(cf. Eigler, 1998; Hayes & Flower, 1980): Processes of planning that aim at the
generation of domain-specific knowledge, which must be organized with regard the
text to be produced, transfer processes that aim at the transposition of knowledge
into language, and metacognitive processes that aim at the revision and improvement
of a text.
Due to the nature of instructional design, it seems likely to distinguish two
fundamental approaches of problem solving:
1. An analytical procedure of problem solving presupposes that the problem solver
has the necessary declarative and procedural knowledge at disposal and is able to
apply it to the given problem.
2. The alternative way of problem solving is based on productive and creative
thinking because neither the method of resolving nor the expected solution is
known. Therefore, this type of problem solving corresponds with heuristic
problem solving.
“Traditional” models of instructional design want both to reduce the complexity
of the problem and to facilitate a deeper understanding of the problem and the
necessary decisions. Usually, traditional ID models conceive the entire process of
instructional design as a matter of analytical problem solving for which the models
prescribe the necessary operations.
Research on how expert instructional designers work shows that they synthesize a
given problem by building a coherent representation of the central issues (e.g., Ertmer
& Stepich, 2005; Ertmer et al., 2008; Kirschner et al., 2002; Perez & Emery, 1995;
Pieters, 1995; Silber, 2007). Frequently, they draw a sketch as a prototype of these
issues that is subsequently evaluated with regard to external and internal consistency
in order to meet the requirements of the situation and the heuristic knowledge. Often
this prototype must be revised and evaluated again. Thus, a central feature of expert
design is realizing an iterative way of designing instruction by conducting repeated
cycles of try-out and improvement (Winer & Vasquez-Abad, 1995).
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This position corresponds with the theory of mental models (Seel, 1991) according
to which the designer is substantially engaged in creating and “fleshing out” a mental
model of the problem space. Mental models “enable individuals to make inferences
and predictions, to understand phenomena, to decide what action to take and to
control its execution, and above all, to experience events by proxy” (Johnson-Laird,
1983, p. 397). Central to the theory of mental models is the representation of an
iterative problem-solving cycle that can include imagination and creativity (Seel,
2013). Thus, inasmuch an instructional designer is confronted with a design problem,
the necessary iterative mental simulations of possible outcomes provide opportunities
for creative thinking (Clinton & Hokanson, 2011; Hanke & Seel, 2012).
Since its very beginning, psychological research on problem solving indicates the
phenomenon that the process of problem solving does not occur in a uniform manner
due to the fact that different persons arrive at highly different solutions of a problem
(Ronning, McCurdy, & Ballinger, 1984). However, perhaps even more remarkable
is the observation that across a period of time one and the same person might arrive
at different solutions for the same problem (Siegler, 2006). Hence, it very well may
be that the same instructional designer creates two different learning environments
at two instants of time.
With regard to the nature of problem solving in instructional design analytical and
heuristic procedures provide sustainable approaches but depend on the development
of expertise. It seems likely that novices in the field of instructional design refer to
the analytic approach by using one of the existing ID models, whereas advanced
or expert designers prefer the heuristic approach of problem solving. Interestingly,
Magliaro and Shambaugh (2006) could show that novices in the field of instructional
design, such as college students, operate with mental models that include the main
components of a conceptual model provided by ADDIE (see below for a description
of ADDIE).
The analytical and heuristic approach of problem solving corresponds, to a large
extent, with the two fundamental ways how people come to decisions: rationally or
intuitively.
Rational vs. Intuitive Decision Making in Instructional Design
Conveniently, rational decision-making is considered as the method of choice but
in case of complex problems, people tend to make decisions based on their intuition
associated with incomplete knowledge. The competence to make a good decision
in view of the complexity of an issue but without an explicit understanding of its
structure correlates with the so-called interior logic of issues and prior experiences.
In consideration of the conventional esmphasis on both the necessity and superiority
of rational decision-making in the literature, we believe that intuitive decisions often
produce correct and sometimes even the best results. Two types of intuition can be
distinguished. First, an emotive decision that means ‘to trust one’s gut’ and is called
unconscious intelligence (Gigerenzer, 2007), and secondly, a decision, which grounds
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on incubation (i.e., long-lasting reflection) and a sudden inspiration or sparking ideas
(i.e., a so-called “aha effect”; Highsmith, 1978; Topolinski & Reber, 2010).
The quality of intuitive decision-making largely depends on the prior experiences
of the decision maker. Therefore, regarding instructional design it can be argued
that this type of decision-making is subject to individuals, who have the necessary
professional knowledge to their disposal which includes three core dimensions, that
is, content knowledge, general pedagogical knowledge, and pedagogical content
knowledge (Shulman, 1986; Baumert & Kunter, 2006). If an instructional designer
provides elaborated and well-connected pedagogical expert knowledge in all of the
three domains then s/he can use this potential – quick and easy – to come intuitively to
decisions that turn out as effective for the planning and implementation of instructional
systems. However, if a designer does not possess the pedagogical expert knowledge
intuitive decisions run the risk to turn out quickly as a worst case. In accord with
Krems (1995), we assume that instructional design experts apply procedures of flexible
problem solving insofar as they excel as able to consider several alternatives and to
change their strategy in order to adjust to changes of task requirements or resources.
It is our contention that non-experts and novices in instructional design are
dependent on assistance in decision-making. Accordingly, novices must be
supported in the collection of information, in simulating an instructional situation
mentally, in balancing the chances and risks, and by taking into account the
experiences of others. In doing so, they can proceed to a result in a step-by-step
manner. Rational decision-making has three characteristic features:
1. Given is a set of subjective assumptions with regard to possible states of a
learning event that the decision maker integrates into a mental model of successful
instruction.
2. Each assumption represents a particular subjective probability corresponding
with the degree to which the assumption is supposed to being correct.
3. In order to confirm or modify the assumptions, internal and external information
resources (i.e., prior knowledge and information to be found in the environment)
must be consulted and exploited.
The procedure of rational decision-making has two significant disadvantages:
First, it takes long, and secondly, there is a risk of focusing only on what immediately
comes to the mind. In consequence, it is important to recognize the risks that affect
the reachability of instructional objectives.
In the literature, several procedures of risk assessment are described in order to
prohibit the appearance of risks by means of appropriate remedies already in the
phase of planning. The worst-case-assumption is one method to elaborate risks of
planning. Another method is the SWOT approach developed by Kaufman (1988)
in the context of needs analysis. SWOT is an acronym that refers to the analysis’
foci, that is, the identification of Strengths, Weaknesses, Opportunities, and Threats
within the realm of strategic planning of instruction.
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As pointed out, each decision depends on several premises, which constitute the
information field of educational decision-making:
• Normative premises refer to the objectives and general principles that are reflected
in subjective preferences of the designer. The outcomes of these preferences are
weighted expectations with regard to the addressees’ dispositions to be changed by
means of instruction. Moreover, normative premises are also based on the societal
and organizational constraints that restrict the designer’s degrees of freedom in
planning and arranging of the learning environment. Finally, specifications by the
curriculum must be taken into account. In decision theory, weighted expectations
are called utilities and speaking about subjective preferences incorporates the
integration of the designer’s interests and objectives into the process of decisionmaking as well as the replacement of goal functions through scores of utility
referring to comparisons of alternatives.
• Factual premises refer to the context of instruction, that is, the physical and
psychological constraints as well as the expected results of activities. Clearly,
the individual characteristics of the learners constitute the most important
psychological constraint. However, factual premises also refer to the situational
and organizational constraints of possible learning environments as they can be
assessed by means of an environment analysis (Tessmer, 1990).
• Methodical premises contain appropriate procedures for solving decisional
problems. The intention is to get optimal procedures of decision-making whereby
a procedure is optimal whenever the result corresponds with the normative and
factual premises. If so, a methodology for the selection of appropriate strategies
and procedures is necessary to come to effective decisions.
In contrast to economics, where formalized procedures, such as the multiple
attribute utility test (MAUT), have been developed in order to support prescriptive
decision-making (Dinkelbach, 1982), such formalized procedures do not exist in
the field of education or instructional design. Although the MAUT has been applied
in the field of instructional design, for example, to support the choice of delivery
systems (Seel, 1992; Seel et al., 1995) or the choice of learning tasks (Richter, 2009),
usually conventional ID models serve as fundamental basis of decision making.
Based on any ID model, one of the best ways to make decisions is to start jotting
down ideas. Brainstorming is simply a way to get the ideas flowing, and start
reflective thinking through the decision to be made.
Summary
Instructional design is characterized by multiple decisions, which are interrelated
so that instructional planning becomes a complex problem. Whereas teachers can
complement their planning decisions interactively by adjusting the instruction to
the requirement of the situation, instructional designers cannot always decide
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insuch an interactive, supplemental manner. Therefore, wrong decisions before
the implementation can result in a failure of instruction.
The complex problem of instructional planning can be solved either rationally
or intuitively. Although rational decision-making is generally considered as
exceedingly effective method, people tend to make intuitive decisions in the
case of complex issues. Because intuitive decision-making depends on prior
experiences of the decision maker, this type of decision-making is only effective
within the realm of ID if the designer has pedagogical expert knowledge at the
disposal. If not, then intuitive decisions may emerge as a worst case with regard
to the implementation of an instructional system. In consequence, novices and
non-experts should rely on rational decision-making supported by prescriptive
ID models.
Adjunct questions
Q 2.6:	What core dimensions constitute pedagogical expert knowledge and how
do they determine the activity of planning instructional systems?
Q 2.7:	Can you explain why instructional design constitutes a complex and open
problem?
Q 2.8:	What are the similarities between text production and instructional design
as different forms of problem solving?
Q 2.9:	Why is it not advisable that novices in instructional design rely on intuitive
decision-making when planning instruction?
Q 2.10: What are the main features of rational decision-making?
Q 2.11:	What is your advice to a novice designer on how to proceed in the process
of decision-making?
DESIGN AND CREATIVITY: THE ART OF TEACHING?

Since Skinner’s (1958) seminal paper on The Science of Learning and the Art of
Teaching many educational researchers have agreed on the idea that instructional
planning is a design process, which resembles artwork requiring imagination and
creativity (e.g., Gibson, 2013; McKeown, 2013; Rowland, 1993). By comparing
instructional designers with architects who create a variety of blueprints of one and
the same object to be designed, Smith and Ragan (2004) conclude that just as the
designs of architects benefit from creativity and imagination, so do the designs of
instruction (see also Morrison et al., 2010; Naidu, 2008).
The literature on creativity (e.g., Fisher, 2004; Funke, 2000; Steiner, 2011)
indicates three dimensions of creativity that must be included in instructional
design: the product, the process, and/or the acting person. That means, creative
instructional design may imply (1) a creative product, for example, a blueprint
as the result of a completed design process (Landau, 1974; Steiner, 2011), (2) a
creative process based on imagination and related cognitive processes, and
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(3) an expression of a designer’s dispositions to think in divergent ways (Hanke
et al., 2011). By integrating these dimensions, Kirschner et al. (2002) state that
the “creativity and artistic skills” of the designer should be clearly visible in the
final product. This corresponds with Linneweh’s (1978) precept that the process
of creative thinking results in creative products that must be different from
already existing products and thus, unprecedented and innovative. In addition, the
resulting product should also be helpful and practical in its applicableness (Funke,
2000; Linneweh, 1978; Mayer, 1999; Sternberg & Lubart, 2002). Accordingly, we
consider both innovation and practicability as the core of creative instructional
design.
According to this view, there is a critical need for imagination and creativity in
all instructional design activities. This also applies to teachers, who may be seen
as instructional designers in their planning and preparation activities for upcoming
lessons (e.g., Earle, 1985, 1992; Moallem, 1998; Norton et al., 2009). The design of
learning environments can be considered as a creative process leading to a creative
product as well.
In the past, discussions of “artistic” approaches of instructional design have
appeared sporadically in the literature (e.g., Clark & Estes, 1998; Heinich, 1984;
Rowland, 1995), “perhaps reflecting a recognition of the need for more divergent
approaches to design” (Clinton & Hokanson, 2011, p. 117). However, regularly
the discussions were controversial. On one side, models of traditional instructional
design have been excoriated by several authors because they would tend to produce
unimaginative products, resulting in boredom for learners: “used as directed, it
produces bad solutions” (Gordon & Zemke, 2000, p. 42). On the other side, traditional
approaches of instructional design and related models have been defended with
the argument that systematic instructional design methods do result necessarily in
“creative instruction” when they are used appropriately (Dick, 1995; Korth, 2000).
More recent models of instructional design consider design processes as flexible
planning but typically they do not address explicitly creativity (e.g., Shambaugh &
Magliaro, 2001; Willis & Wright, 2000). Nevertheless, the request for instructional
design to be done more creatively appears increasingly on the agenda of instructional
design (e.g., Clinton & Hokanson, 2011; Conole et al., 2008; Gibson, 2013).
Design and Creativity
An analysis of the literature indicates an apparent affinity between creativity and
design insofar both are concerned with “the conception and realization of new
things” (Cross, 1982, p. 221). However, creativity is a dazzling concept and refers
to an intellectual resource, which refers to the human capacity to produce or create
something new by means of imagination and productive thinking. The product of
creativity may refer to a new solution to a problem, a new method or device, or
a new artistic object. In general, the term creativity refers to a richness of ideas
and originality of thinking. “To come up with an idea, and to give form, structure
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and function to that idea, is at the core of design as a human activity” (Nelson &
Stolterman, 2003, p. 1). Just as learning or motivation, creativity is a theoretical
construct with many references to different fields of interest such as fine arts,
advertising, design, innovation, and invention in general. Usually, creativity is
not simply associated with introducing something new into a design but also with
resulting in something unexpected and valuable.
Creativity has many facets and aspects. For a long time, it was mainly considered
as a disposition of artists. Meanwhile creativity has an ambiguous connotation,
which ranks from the hype of Zeitgeist and a wholehearted emphasis of creative
domains up to a dismissive attitude towards other domains (e.g., creativity in
business). In these fields, creativity very often is connected with spontaneity that
combines curiosity and problem solving. Creative individuals seem to have a need
to seek novelty and an ability to pose unique mind-opening questions. Indeed, a
study on the relationship among spontaneity, impulsivity, and creativity by Kipper,
Green and Prorak (2010) shows a positive relationship between spontaneity and
creativity. The authors consider this positive relation as consistent with Moreno’s
(1953) “canon of spontaneity-creativity.” Moreover, they found a negative
relationship between spontaneity and impulsivity. However, since we operate
with the usual definitions of (a) spontaneity as acting without thinking in advance,
and (b) impulsivity as characterized by little or no forethought, reflection, or
consideration of the consequences, we should consider the canon of spontaneitycreativity rather as a myth than a fact. The reason therefor is that creativity very often,
if not regularly, is the result of an extended cognitive contention with a complex
problem. Consider the following: First, the invention of something is hard work,
and second, necessity is the mother of invention. Third, mental models provide the
“frame” for an invention by constraining proto-inventions to an applicable product,
which is generally considerable as both sufficiently new and useful (Seel, 2013).
Moreover, in the literature of the 1960s, when psychologist (e.g., Guilford, 1967)
started to investigate human creativity, the concept creativity was related to the
formation of new schemas of thinking.
Schemas and Mental Models
In cognitive psychology, schemas represent the generic knowledge a person
has acquired in the course of numerous individual experiences with objects,
people, situations, and actions. Schemas are conceptualized as a format of mental
representation in which conceptual structures, relations, and processes of a
phenomenon are organized as slot-filler structures with default values.
A schema runs automatically when triggered by input information that fits
with its default values (Seel, 2003a). As soon as a schema can be activated, it is
automatically “played” and regulates the assimilation of new information in a
“top-down” procedure. This allows information to be processed very quickly, a
function that is vital for humans as it enables them to adapt to their environment
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more quickly. “Without a schema to which an event can be assimilated, learning is
slow and uncertain” (Anderson, 1984, p. 5). Schemas are also discussed in terms of
scripts, plans, and frames that provide individuals with cognitive frameworks for
matching information from the external world with content from memory.
If a schema does not fit immediately with the requirements of a new task it
can be adjusted to meet the new requirements by means of accretion, tuning, or
reorganization (Rumelhart & Normen, 1978; Seel, 1991). However, in the case
that no schema is available a mental model becomes necessary. That means, an
internal working model must be created that collects and integrates relevant bits of
knowledge into a coherent structure in order to meet the requirements of something
to be explained. Mental models, like heuristics in general, often become apparent
when the problem solver encounters a kind of resistance to explain something. For
example, an expert who solves a particular class of problems due to a triggering
schema may have struggle to find a solution for a novel problem and is forced
to create a mental model. Thus, creative invention principally necessitates the
construction of a mental model (Seel, 2013).
From the perspective of cognitive psychology, creativity is a matter of problem
solving for which both schemas and mental models can be used. From the view of
schema theory, the transformation from an initial state to a final state can be retrieved
by activating and applying an already existing “cluster of knowledge related to a
problem” (Gick, 1986, p. 102) and thus, does not necessarily require productive
thinking. This schema-based process of problem solving occurs “top-down” and the
barrier for a solution consists only in the retrieval of operations prescribed by a
suitable schema. As a matter or course, open problems, such as instructional design,
require “emerging schemas” (Gero, 1996) discussed in terms of any modification of
pre-existing schemas by means of accretion, tuning or reorganization. However, if
emerging schemas are not suitable then a mental model must be constructed.
The theory of mental models (Johnson-Laird, 1983, 2005; Seel, 1991) suggests the
generation of a mental model as modus operandi of productive thinking. According
to the theory, schema-based processing is inhibited as soon as a person meets a
barrier in proceeding from sa to sw (Seel, 1991). In this case, an internal working
model must be constructed ad-hoc to meet the specific demands of a problem (Hanke,
Ifenthaler, & Seel, 2011). Regularly, productive thinking comprises the development
of alternative models that serve mental simulations of possible outcomes, and thus,
permit the anticipation of the consequences of specific operations. The model
building person then has to decide based on a reduction ad absurdum (Seel, 1991)
which model is accepted as the preliminarily “best” solution to a problem.
In the context of instructional design, understood as a complex and open problem, a
mental model integrates what is known with regard to particular instructional settings
and simulates – as a kind of thought experiment – the possible outcomes of instructional
activities aiming at the achievement of learning objectives. As a fundamental basis of
productive thinking, mental models are a prerequisite for solving complex problems
and especially for creative (instructional) design. From the theoretical perspective of
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mental models, creative design is not so much the result of spontaneous ideas but
rather the endpoint of a long-term cognitive contention with a complex problem.
In accordance with the notion of instructional design as “a construct that refers
to the principles and procedures by which instructional materials, lessons, and
whole systems can be developed in a consistent and reliable fashion” (Molenda
et al., 2003, p. 574), the majority of ID models depict designing as a systematic and
schema-driven process by employing, for instance, flow-chart diagrams to reduce
the complexity of the design problem. In contrast, the creative design of learning
environments presupposes productive thinking based on mental models.
Schema-Based vs. Model-Based Design
A differentiation can be made between three general strategies for instructional planning
(cf. Hanke et al., 2011): (1) a schema-based step-by-step procedure, (2) a scaffolding
procedure guided by formal (traditional) models on how learning environments should
be planned, and (3) an opportunistic procedure on the basis of mental models as modus
operandi for productive thinking.
Step-by-step Instructional Design. The step-by-step procedure of instructional
design is characterized by a sequence of decisions made by the designer, with every
decision resulting in a pre-planned step of a plan or script for instruction. It seems
that the decisions are not made based on various possible alternatives but rather by
chosing and following the first idea that seems to be applicable (Bromme, 1981).
The fundamental basis of this kind of planning consists in triggering a retrievable
schema of instruction that guides the designer’s activities top-down.
An analysis by Branch, Darwazeh, and El-Hindi (1992) supports the assumption
that planning activities of teachers correlate with the practices of instructional
design professionals. Both teachers and instructional designers tend to follow
planning routines that are based on habits of proven practice (Parker & Gehrke,
1986). Especially teachers seem to succeed in accordance with scripts as long as
no serious divergences occur. According to Peterson and Clark (1978), they change
the strategy of teaching not before they run the risk of a complete failure. Putman’s
(1987) analysis of teachers’ instructional planning as well as Rowland’s (1992, 1993)
analysis of design procedures of instructional design experts indicate the importance
of a curriculum script as an ordered set of goals and actions for teaching a particular
topic. The exact nature of a curriculum script may vary for different subject-matter
areas (cf. Raudenbush, Rowan, & Cheong, 1993) and for different topics, but at least
it regularly contains a loosely ordered set of goals and objectives for what students
are to learn, activities and examples to be used in teaching for these goals, and likely
misconceptions or difficulties in learning a particular domain. The script serves as
a blueprint for instructional planning. The script- and schema-driven step-by-step
procedure of instructional planning is depicted in Figure 2.5, where it is contrasted
with the model-based approach that works if the activation of a schema fails.
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Figure 2.5. The schema- vs. model-based design (Hanke et al., 2011, p. 114)

In general, it has been argued that the schema-based step-by-step procedure of
instructional design is the method of choice of instructional design experts (e.g., Ertmer
& Stepich, 2005; Ertmer et al., 2008). Novices do not have available the necessary
scripts for instructional planning. Chi et al. (1981) have pointed out that novices typically
define problems in the terms used in the statement of the problem, and thus, are not able
to detect the problem’s inner nature, whereas experts tend to identify a second order
feature, that is, a small piece of provided information that triggers a relevant schema in
the experts’ procedural knowledge. However, it is not enough to have a collection of
schemas to be activated but rather an individual must also know how to apply them.
Obviously, experts have not only the procedures for solving relevant problems at their
disposal but also the conditions under which they can be applied. In contrast, novices
must develop such schemas from scratch what is a long-lasting process.
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Bransford (1984) has pointed out that while it is possible to activate existing
schemas within a given topic, this does not necessarily mean that an individual can
apply this activated knowledge to develop new knowledge and skills. In consequence,
Bransford stresses the importance of helping people to “activate various preexisting
‘packets’ of knowledge” and to “reassemble and construct this knowledge into
an integrated new schema” (Bransford, 1984, p. 264). This corresponds with a
scaffolding procedure of designing guided by formal models, which is described in
the following.
Scaffolded Instructional Design. Scaffolding aims at structured support in solving
problems. A feasible theoretical foundation to this approach can be found in
cognitive load theory that is based on the activation and application of schemas to
accomplish cognitive tasks. Sweller (1988), one of the originators of this approach,
understands schemas as cognitive structures that compose an individual’s knowledge
and can be activated to solve cognitive tasks.
The cognitive load approach grounds on the assumption of a limited processing
capacity of the working memory as introduced by Miller (1956). Accordingly, the
central argument of cognitive load theory is that an overload can result if tasks
are too complex. Cognitive load may be affected by the mental effort necessary
to process new information, the manner in which the material to be processed is
presented, or the effort needed for activating schemas. The activation of a schema
allows automatic processing, and thus, minimizes the load of working memory.
This is how performance can progress from slow and difficult (novice-like) to
smooth, fast, and effortless (expert-like). If no schema is available, scaffolding
techniques, such as worked examples, are needed, which take the optimal level
of cognitive load into account (Sweller, 1988). Within the realm of instructional
design, procedural models may serve as worked examples that aim at clarifying
the procedures required to solve the complex task of planning instructional
systems. This corresponds with Ausubel’s (1960) approach of advance organizers
that provide their users with and activate pre-existing cognitive structures in which
new information can be integrated.
The procedure of scaffolding with the help of an ID model is characterized by
the construction of a more detailed representation of the situation, the requirements,
and the work assignment preceding the actual process of planning. However, the
effectiveness of the scaffolding procedure is dependent on the awareness of the
situation (Hanke et al., 2011).
At a first glance, providing the designer with a suitable script for planning
instruction can be seen as a promising strategy. But it also involves the threat that
designers could be “deskilled” or treated as conduits for the ideas of others. With
regard to teachers’ instructional planning, Shulman (1983) has referred to this
possible threat as “the remote control of teaching.” Furthermore, deliberate practice
may help to avoid this dilemma.
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Actually, the central idea of scaffolding is to help learners to become increasingly
familiar with procedures to solve more or less complex problems. The desired final
state may consist in expertise or mastery but this takes a long time (Ericsson et al.,
1993). To learn a new skill or to gain expertise one needs to practice, practice,
practice, whereby the quality of practice is at least as important as the quantity.
Clearly, simple practice is not enough to gain skills and mere repetition of an activity
will not lead to improved performance. Therefore, deliberate practice is generally
considered as a highly structured activity engaged in with the specific goal of
improving performance. As Ericsson et al. (1993) have argued, expert performance
is acquired by extensive engagement in relevant practice activities, and individual
differences in performance are for a large part accounted for by differences in the
amount of relevant practice.
Deliberate practice means to perform the same or similar tasks repeatedly.
It may improve accuracy and speed of performance on complex tasks, such as
instructional planning. However, a prerequisite is that the designers or teachers
are sufficiently motivated to attend to the task and exert effort to improve their
performance. To increase the effectiveness of deliberate practice the task to be
accomplished should take into account the trainees’ pre-existing knowledge so that
the task can be correctly understood after a brief period of instruction. Of course,
the trainees should receive immediate feedback about the performance shown.
In short, deliberate practice must be intentional, repetitious, aimed at improving
performance, designed for a current skill level, and combined with immediate
feedback. In meeting these requirements, instructional designers as well as teachers
can gain from deliberate practice in planning instruction (Dunn & Shriner, 1999;
Marzano, 2010/2011). Furthermore, Deliberate practice in instructional planning
needs coaching and scaffolding as provision of sufficient support to promote
learning when concepts and skills are being first introduced to novices. Figure 2.6
depicts the steps of deliberate practice from initial learning in terms of creating
awareness to a level where the concepts and skills needed are mastered and coaching
others becomes possible.
Coaching and scaffolding provide support during the design process and may
include resources (e.g., a formalized ID model), a compelling task, “workedout examples” as well as guidance on the development of the necessary skills of
instructional design.
It seems plausible to use scaffolds in various contexts with regard to modeling
the complex task of instructional design and to provide advice and coaching to the
designers. In our research on cognitive apprenticeship as a tool for the design of
learning environments (Seel et al., 2000; Seel & Schenk, 2003) we have focused on
three features of scaffolding.
The first concerns the interaction between the learner and an expert. That means
an expert provides a model for solving the given problem. Secondly, effective
scaffolding respects the zone of proximal development, and thirdly, the support and
guidance should gradually fade as the trainee becomes more proficient. Scaffolds
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provide adjustable and temporal support to the problem solving process with the aim
to facilitate the development of suitable schemas of instructional design.

Figure 2.6. The steps of deliberate practice

Both the routinized step-by-step procedure and the scaffolding approach operate
schema-based but the main difference is that step-by-step procedure can be used
only by experts who have at their disposals well-organized schemas of instructional
planning gained through extensive experiences. Drawing on the expert-novice
literature, Ertmer and Stepich (2005) outlined some dimensions that characterize
the problem solving processes of instructional design experts. Central among these
dimensions is the expert’s ability to synthesize a given problem by means of a
coherent representation in terms of a few central issues. Experts define a problem in
terms of principles drawn from schemas stored in their procedural knowledge base.
Cognitive psychologists (e.g., Glaser & Chi, 1988) argue that experts quickly find
solutions that are more likely to being effective than solutions formed by novices.
In contrast to expert designers, non-experts and novice designers have not the
appropriate schemas and scripts of planning at their disposal. Therefore, they need
assistance and support by means of scaffolds provided in accomplishing the complex
task of instructional design. Maximally, a complete planning schema is provided as a
device in form of a worked-out example. If scaffolding is combined with deliberate
practice, novice designers can progress gradually to increasing expertise.
Genberg (1992) suggested that expertise can be viewed from two different lenses:
(1) an information-processing lens with the focus on the organization of knowledge
and the progression of skill acquisition, and (2) an intuitive lens with the focus on the
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relevance of past experiences in a particular context. Indeed, Perez, Jacobson, and
Emery (1995) observed that instructional design experts often reflected on past design
problems and solutions and compared them with the problems at hand. Similarly,
Rowland (1992) found that instructional design experts typically associate a given
situation with similar problems they had previously encountered and use those prior
experiences to develop a working model of the current problem and how it might
be solved. This corresponds with a strategy of design that is called “opportunistic”
(Hanke et al., 2011) – not in its negative connotation but rather positively interpreted
as exploiting opportunities and taking advantage of them as they arise.
“Opportunistic” Instructional Design. This term is adopted from computer
science where opportunistic design is considered as a technique that identifies
design alternatives to achieve the design desirements for a range of uncertainty
values (e.g., Hartmann, Doorley, & Klemmer, 2008).
The opportunistic procedure starts when the activation of a schema or script
fails. Thus, it is a kind of “fall-back procedure” that does not run automatically. It
rather requires deliberate information processing and the construction of a mental
model. In contrast to the schema-based procedures of design, the opportunistic
procedure is hardly structured and mainly characterized by divergent thinking
(Clark & Peterson, 2001). This theoretical term goes back to Guilford (1956) and
refers to a thought process used to generate creative ideas by exploring numerous
possible solutions. Whereas convergent thinking follows an ordered set of steps
to arrive at one “correct” solution, divergent thinking typically occurs in a nonlinear manner and many ideas are created and possible solutions are explored in a
short period whereby also unexpected connections are drawn. After completing this
process, ideas are organized and structured into a mental model using convergent
thinking (Seel, 1991). Correspondingly, instructional designers generate ideas in an
unstructured way, reject some of them later on, and generate alternative new ideas.
In contrast to schema-based procedures, they do not fix the ideas that come first
into mind, but rather they arrange them provisionally and rearrange them later on
(Funke, 2000). Hence, the opportunistic procedure can be described as a process
of generating ideas, rejecting some of them, generating new ideas, and arranging
and rearranging them. This corresponds with a model-building process by nature
(Hanke & Allgaier, 2011) resulting in a blueprint of instruction as the preliminary
working model (i.e., a “proto-invention”), which is in most parts not fixed before it
is completely finished.
Actually, the opportunistic procedure of instructional design corresponds with the
construction and gradual refinement (“fleshing out”) of a mental model (JohnsonLaird, 1983). Interestingly, not only divergent thinking is a prerequisite of mental
modeling but also the mood of the model builder as studies of Murray et al. (1990)
and Vosburg (1998) indicate. According to these studies, individuals in a positive
mood are better able both to differentiate between and to integrate unusual and
diverse information in divergent thinking.
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Mental models as modus operandi for divergent thinking satisfy the concept of
designing combined with a substantial lack of imagination and creativity. Actually,
creative designs of instruction are supposed to be the result of a dynamic, recursive,
unsystematic, free, divergent, and sometimes “chaotic” thinking processes (Clark
& Peterson, 2001; Hacker, 2005; Naidu, 2008; Seel, 2012, 2013; Willis, 1995;
Willis & Wright, 2000). This notion of creative instructional designs corresponds
with constructivist ID models such as the Recursive, Reflective, Design, and
Development Model (Willis, 1995), and the Rapid Prototyping approach for
instructional design (Desrosier, 2011; Tripp & Bichelmeyer, 1990). Consistent
with the above-mentioned opportunistic procedure of instructional planning, these
models describe a dynamic, continuously evolving, “intermittent and recursive
pattern that is neither predictable nor prescribable” (Willis & Wright, 2000, p. 5)
and that intends to convey flexibility “and discourage a linear, sequential and
mechanistic approach to design” (Moore & Knowlton, 2006, p. 59).
Summary
The design of something is a creative process in which the imagination and
originality of the designer are crucial. Since 1990s we can find a strong association
of instructional design with artistic activities in the literature (e.g., Rowland, 1993).
Clearly, this view stands in contrast to the traditional view on instructional design
as a deterministic and rational process. However, several investigations (Kerr,
1983; Rowland, 1992) indicate that even instructional design experts regularly
do not apply the scientific principles of instructional design but rather they follow
more or less stereotyped expectations and routines. Consequently, instructional
design is no longer considered “as a deterministic, essentially rational and logical
process, a set of procedures to be followed” but “as a creative process, based on
intuition as well as rationality” (Rowland, 1993, p. 79).
There are two major strategies of solving instructional design problems, that
is, schema-based and model-based design. Schema-based design founds on the
retrieval and application of schemas (scripts or plans) defined as slot-fillerstructures with default values. Schemas permit a “quick and easy” solution
to standard problems. Dependent on the degree of expertise in instructional
design, two schema-based procedures can be applied: Experts tend to apply a
step-by-step-procedure that follows a script of planning, whereas non-experts
need support when operating with scripts of instructional design. Providing
novice designers with a formalized ID model and worked examples can serve
as effective scaffolds, which, however, involve the threat of a “remote control
of teaching.” However, deliberate practice may avoid getting “deskilled” or
treated as conduits for the ideas of others.
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In contrast to schema-based design, model-based design is the
“opportunistic procedure” of instructional design. It operates with mental
models as modusoperandi for divergent thinking and creative problem
solving. Instructional design then becomes a dynamic, continuously evolving,
“intermittent and recursive pattern that is neither predictable nor prescribable”
(Willis & Wright, 2000, p. 5) and that intends to convey flexibility and
discourage a linear, sequential and mechanistic approach to design. In general,
constructivist approaches of instructional design emphasize the opportunistic
approach by means of rapid prototyping.
Adjunct questions
Q 2.12:	To what extent is it justifiable to consider instructional design a creative
process?
Q 2.13:	Why does the application of schemas/scripts contradict with the claim of
creative design?
Q 2.14:	What are schemas? What are mental models? Can you describe shortly
the main characteristics of schema-based and model-based approaches of
instructional design?
Q 2.15:	Can you describe the role of deliberate practice in scaffolded instructional
design?
Q 2.16:	What are the main characteristics of the so-called “opportunistic strategy”
of instructional design? What is the specific role of mental models within
“opportunistic” instructional planning?
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An instructional-design theory is a theory that offers explicit guidance on how
to better help people learn and develop.

(Reigeluth, 1999, p. 5)
INTRODUCTION

In accordance with this precept, several scholars, such as Merrill (1994), Reigeluth
(1993, 1999), Tennyson and Elmore (1997) and many others, have focused on
theories of instructional design. However, a more detailed analysis reveals the
observation that these authors do not describe theories of instructional design in a
narrow sense but rather theories on learning and how instruction could operate on
them (e.g., Tennyson, 2010). This can be illustrated by the Theory One of Perkins
(1992) considered by Reigeluth as a representative example of an instructional
design theory. In the textbook Smart Schools Perkins (1992) specifies a code of
practice with regard to the main features of instruction aiming at the improvement
of learning. Hence, instruction should present clear information, deliberate practice,
and informative feedback aiming at a strong motivation of learners. Certainly, Theory
One applies to a lot of teaching-learning situations, and therefore, corresponds with
the universal validity of theories as generally postulated. But at the same time,
there is a threat that the propositions of this theory persists as too imprecise for
predictions about the effectiveness of particular instructional methods on learning.
THEORIES OR MODELS?

From the perspective of the philosophy of science, any theory is conceived as a
system of propositions that serves the description and explanation of facts and
details of the reality as well as the derivation of predictions. Correspondingly, any
theory must exhibit an adequate balance between the intended universal validity
and necessary precision. A general theory must cover a broad range of situations
and persons. However, if this range is too broad it will be difficult to achieve a
degree of accuracy that is suitable to make unquestionable predictions. It seems
likely that universal validity and precision/accuracy of a theory are inextricably
contradictory. For example, a completely specified general theory would contain
so many details that it would be a hopeless endeavor to realize all at once. The
broadness of a theory – considered as a most important aspect of theory building –
might be incompatible with precision. However, the accuracy of details is necessary
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to justify exact, testable and usable prescriptions (e.g., in the field of instructional
design), but at the same moment, it is nearly impossible to achieve consistently this
accuracy.
A solution to this dilemma consists of separating universal validity from specificity.
That is, there might be a general theory with a broad range covering manifold aspects
and applications, and at the same time, there are more precise representations of the
theory’s central components that achieve a greater accuracy. Such limitations of a
theory are termed as models. Any model must be sufficiently concrete and precise in
order to define accurately its properties and to permit predictions.
According to the philosophy of science, a model is a simplified representation
of a theory. The simplification is necessary because the theory is too complex and
contains some details, which are not relevant with regard to a particular problem.
If models should represent a more general theory then they must meet several
conditions:
1. The model must be compatible with already tried and tested theories and include
them in the own scope of explanation.
2. The model should not be purely descriptive but rather should also explain causes
and effects.
3. It must permit prescriptions that come true in practice.
4. Despite all its details the models must be sufficiently general and avoid a too
strong limitation of its scope.
5. Finally, a model should stimulate continuous research.
Models differ from theories insofar as they must not be confirmed by empirical
investigation. Due to its practicability a model can be an ingredient of a more
general theory, which must be empirically confirmed if claiming validity. In case
that a model is applied in order to confirm a theory it is necessary that prior to
this the theory must be precised or interpreted or completed by the model. In this
case, the model represents the theory only to a particular degree of accuracy. Thus,
there always will be situations in which a model can fail. Accordingly, it could be
less interesting to test a model empirically because it seems to be more practicable
to analyze the conditions of its failure in a particular context. Moreover, it seems
likely to compare a model with other models that are derived from the same
theory or even from different theories. In return, models must correspond to some
minimum requirements, such as internal consistency of the propositions and their
testability. A premise is that the involved concepts are explicitly defined so that
there is a consensus about their meanings. In addition, the model must be fixed
theoretically and empirically. However, first of all a model must be practicable
and feasible.
Most models in the field of instructional design correspond with this basic
understanding of models as representations of a more general theory. Instructional
design models represent generalized beliefs about instruction that do not yet
correspond with the quality of a comprehensive and closed theory. In consequence,
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ID models only accentuate particular aspects of teaching and learning. In other
words, ID models are notedly eclectic and follow the device examine everything and
retain the best. According to Zierer (2010), the concepts of selection and integration
paraphrase this approach. Selection means to choose among consolidated findings
(e.g., about instruction and learning) and integration interconnects the selected
findings in order to adjust to the requirements of the situation.
In the established literature, a distinction has been made between two variants
of generic models of instructional design (Andrews & Goodson, 1980; Reigeluth,
1983) that have been named as procedural and conceptual models.
Procedural models illustrate the sequence of phases and steps of planning, for
example, by means of flow charts. These models are geared to systems theory
and related strategies of project management (cf. Branson & Grow, 1987).
On the other hand, conceptual models – occasionally also named instructionstrategy models (Wilson & Cole, 1991) – are based on psychological theories
of learning.
Most conceptual models go back to Gagné’s (1965) conditions of human
learning and presuppose a graded hierarchy of learning outcomes that assigns a
set of conditions to every intended result. Instructional design becomes, first of all,
a matter of the clarification of intended outcomes of learning and the adjustment
of appropriate instructional strategies and methods. In succession of the so-called
cognitive rebound, new conceptions of learning and teaching emerged, and in
consequence, alternative models of instructional design were developed. Whereas
the traditional models usually are schema-based, the new cognitive-constructivist
movement has generated ID models that operate in accordance with the pragmatics
of rapid prototyping.
Summary
An important goal of instructional design consists of the development and test
of theories that must exhibit a balance between necessary universal validity and
sufficient precision or accuracy. In view of the fact that universal validity and
accuracy might produce a dilemma for planning, theoretical models have been
developed in the field of instructional design that are sufficiently concrete and
precise in order to operationalize their features and permit predictions.
Within the realm of instructional design, a vast amount of models have been
developed that represent general hypothetical beliefs that do not yet correspond
with the quality of a comprehensive and “closed” theory. Usually, these
models accentuate particular aspects of learning and teaching. Thus, traditional
instructional design models are explicitly eclectic and regulate the selection and
integration of consolidated findings of research.
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Adjunct Questions
Q 3.1:	Can you name some reasons why the discipline of instructional design
preferably works with models instead of a general and comprehensive
theory?
Q 3.2: What are the features of the eclectic methodology?
Q 3.3:	What is the difference between procedural and conceptual instructional
design models?
CONCEPTUAL MODELS OF INSTRUCTIONAL DESIGN

At the very beginning of instructional design as a discipline it was Gagné, who
argued that different modes of learning exist that might be triggered by different
conditions of instruction. As mentioned above, Gagné distinguished five basic
forms of human learning (verbal information, intellectual skills, cognitive strategies,
motoric skills, and attitudes), whose execution are bound to internal and external
prerequisites. Clearly, instructional events constitute a particular category of external
prerequisites for learning. However, they do not produce immediately learning but
rather support internal processes. Table 3.1 illustrates the relationship between two
basic forms of learning and instructional events.
Table 3.1. Illustration of the relationship between basic forms of learning
and instructional events (partially adapted from Gredler, 1997, p. 169)
Cognitive
Strategy

An internal process through
which individuals plan,
control, and monitor their
learning. This process is
• task-specific,
• general,
• executive.

Attitude

An internal state, i.e., a
predisposition, which affects
an individual choice of an
action.

• I f a learning task is specific, then describe
the strategy. If the task is general, then
demonstrate the strategy.
• Provide the learner with opportunities for
strategy-specific exercises and provide
support and feedback.
• P
 rovide the learner with approved models,
which show positive behavior, and
reinforce this model.
• If the learner executes the desired
behavior, then give positive feedback.

The practical realization of Gagné’s theoretical assumptions occurs regularly in
three steps: First, the designer specifies objectives in accordance with the basic
forms of learning by operationalizing them as results of learning: what exactly
should the learner know or be able to do what s/he is not able to do before the
learning process. The next step consists in the specification of the conditions
of particular learning results, and then, instructional events or methods must
be scheduled that are necessary to improve the internal processes of learning.
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Gagné has distinguished nine instructional events (see Chapter 1 and below) that
constitute the scaffold for instructional planning. Glaser (1984) has pointed out that
the improvement of learning takes place by means of practicing declarative and
procedural knowledge within the context of specific knowledge domains. From
this point of view, learning and thinking evolve from a far-reaching dependence on
the contents and concepts of a knowledge domain mediated by instructional events.
Therefore, plans and processes of instructional design are closely related to the
curriculum (cf. Seel & Dijkstra, 2004).
In general, the instructional events to be designed, realized and used should
meet different conditions and criteria. (1) structural requirements: principles and
rules of a “good” design, which means that pertinent laws and principles of the
domain and the regularities of its change are adequately applied; (2) functional
requirements: designs should be functional and objects should fulfill human needs;
(3) aesthetic concerns: the artistic value of a design should satisfy the preferences
of a group of people that often will vary over time; and (4) financial constraints:
the financial means that are available should be used efficiently (Dijkstra, 2001).
The “Classics” of Instructional Design Models
As pointed out in the section on the history of instructional design, Gagné laid the
fundamental basis for the development of several conceptual models of instructional
design that can be called the “classics” of instructional design.
The Gagné-Briggs-model. There is general agreement in the literature (see Smith
& Ragan, 2000), that Gagné and Briggs (1974) generated the first prescriptive model
of instructional design. It centers around three basic questions to be answered:
1. What is known about human learning and what is relevant for instructional
design?
2. Is this knowledge about human learning applicable onto concrete situations of
learning?
3. Which methods and procedures can be applied in order to use effectively the
knowledge about human learning for the design of instruction?
Correspondingly, the Gagné-Briggs-model describes how teaching should be
generated to adjust to the basic forms of learning as well as to the contents to be
taught. This model attributes the nine instructional events of Gagné (see Table 3.2)
to three phases: (1) Preparation of learning, (2) acquisition and performance, and
(3) transfer of learning. The model can be illustrated as a closed circuit depicting an
iterative process of design, trial and error, and revision (see Figure 3.1).
The Gagné-Briggs model has influenced numerous authors to develop ID
models, which altogether agree on the point that learning can be classified in
accordance with cognitive processes as well as that it can be initiated and facilitated
by means of particular instructional methods and strategies.
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Table 3.2. Nine events of instruction and consistent instructional actions (Gagné et al., 2005)
Instructional event

Actions

1. Gain attention

Introduce stimulus to elicit curiosity

2. Inform learner of the objectives

Describe the expected performance

3. Stimulate prerequisite recall

Recall of concepts and rules

4. Present learning material

Present examples of the concepts/ rules

5. Provide guidance for learning

Use verbal cues, illustrations etc.

6. Elicit performance

Let the learners apply the concept/rule

7. Provide feedback

Confirm correctness of performance

8. Assess performance

Test the application of the concept/rule

9. Enhance retention and transfer

Provide a variety of other applications

Figure 3.1. Three phases of Gagné’s nine events of instruction
(adapted from Gagné et al., 2005)
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Characteristics of the Gagné-Briggs model
The Gagné-Briggs model is a prescriptive model that describes how to create
instruction for all domains of learning. It distinguishes between five basic forms
of learning:
1. Verbal information
2. Intellectual skills
3. Cognitive skills
4. Attitudes
5. Motor Skills
Principles
1. Different conditions are required for different learning outcomes.
2. For learning to occur, specific conditions must be met.
3. The specific operations required for learning differ based on outcomes.
Conditions of learning
Internal Conditions: The learner must have the prerequisite knowledge to learn
new material. Regularly, this requires the ability to recall related information
from memory.
External Conditions: Among situational constraints especially instructional
methods are considered as important external conditions.
Role of facilitator (or teacher)
Controlling the nine external events of learning as well as selecting the contents
and outcomes based on learning hierarchies.
Instructional strategies focus on
Objectives: Determine the required learning outcomes for the learner. Determine,
which type of learning outcome is required.
Sequencing: Starting with the final objective in order to create learner hierarchies.
Learning hierarchies are content maps that describe the prerequisites required
for reaching the terminal objectives.
Creating the external events of learning. Each type of learning outcome requires
a different type of process for each event.
Assessment method
The assessment of learning is based on the learner demonstrating that they can
complete the learning tasks in accordance with the objectives.
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The Dick-Carey model. The Dick-Carey model is presumably the best-known ID
model of the first generation. Gustafson and Branch (2002) name it the most widely
adopted introductory text related to instructional design processes. The Dick-Carey
model “has become the standard to which all other ID models (and alternative
approaches to design and development of instruction) are compared” (Gustafson &
Branch, 2002, p. 59).
The Dick-Carey model is systemic and procedural by nature and contains nine
steps of design that must be executed successively and culminate in the evaluation
of instruction.
1. Identify instructional goal(s) – goal statements describe a skill, knowledge or
attitude that a learner will be expected to acquire.
2. Conduct instructional analysis – specifying what a learner must recall or what
must be able to do to perform a particular task.
3. Analyze learners and contexts – identifying general characteristics of the target
audience including prior skills, prior experience, and basic demographics;
identifying characteristics directly related to the skill to be taught; performing
an analysis of the performance and learning settings.
4. Write performance objectives – objectives consist of a description of the
behavior, the condition and criteria. The component of an objective that describes
the criteria that will be used to judge the learner’s performance.
5. Develop assessment instruments – aiming at entry behavior testing, pre-testing,
post testing, and practicing transfer.
6. Develop instructional strategy – specifying pre-instructional activities, content
presentation, learner participation, and assessment.
7. Develop and select instructional materials
8. Design and conduct formative evaluation of instruction – identifying areas of the
instructional materials that must be improved.
9. Revise instruction – identifying poor test items and poor instruction.
10. Design and conduct summative evaluation.
Usually, the Dick-Carey model is depicted as a flow chart (see Figure 3.2).
The Dick-Carey model refers to several ideas and methods that are originated in
Gagné’s classification of basic forms of human learning and their conditions as well
as in systems theory. Accordingly, the model exhibits some characteristic features. It is
• goal-oriented, because all components act in concert to achieve a defined terminal
objective,
• interdependent, because all components depend on each other,
• self-regulative, because it runs as long as the objective will be achieved,
• reinforcing, because it tests recursively whether the objective has been achieved.
In consequence of systematic guidance, the Dick-Carey model has advanced
to the most influential model in the realm of instructional design. The following
excerpt provides the reader with an example of guidance.
52

MODELS OF INSTRUCTIONAL DESIGN

Evaluating Instructional Goals
Instructional goals are clear statements of behaviors that learners are to
demonstrate as a result of instruction. Typically derived through a front-endanalysis process and intend to address problems that can be resolved most
efficiently through instruction, instructional goals provide the foundation for all
subsequent instructional design activities.
Instructional goals are selected and refined through a rational process that
requires answering questions about a particular problem and need, about the
clarity of the goal statement, and about the availability of resources to design
and develop the instruction.
You should answer several questions about the problem and need:
1. Is the need clearly described and verified?
2. Is the need foreseeable in the future as well as currently?
3. Is the most effective solution to the problem instruction?
4.	Is there logical agreement between the solution to the problem and the
proposed instructional goals?
5. Are the instructional goals acceptable to administrators and managers?
Questions you should answer related to the clarity of the instructional goal
include the following:
1. Do the behaviors reflect clearly demonstrable, measurable behaviors?
2. Is the topic area clearly delineated?
3. Is the content relatively stable over time?
[…]
The procedure recommended for clarifying instructional goals includes the
following steps:
Write down the instructional goal.
1.	Generate a list of all the behaviors the learners should perform to demonstrate
that they have achieved the goal.
2.	Analyze the expanded list of behaviors and select those that best reflect
achievement of the goal.
3.	Incorporate the selected behaviors into a statement or statements that describe
what the learners will demonstrate.
4.	
Examine the revised goal statement and judge whether learners who
demonstrate the behaviors will have accomplished the initial broad goal.

(Dick & Carey, 2009, p. 33)
The far-reaching effect of the Dick-Carey model also becomes evident due to
several specializations and elaborations, such as Kaufman’s (1988) approach of
needs assessment and strategic planning.
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CHAPTER 3

54

MODELS OF INSTRUCTIONAL DESIGN

Figure 3.3. The Rothwell-Kazanas ID model (adapted from Foshay,
Silber, & Westgaard, 1986)

Needs assessment and instructional design. In general, needs assessment is
considered as a central component of strategic training within organizations aiming
at the adjustment of employees to changes in job requirements wrought by external
conditions or organizational constraints or work methods. Thus, strategic training of
employees is a central part of vocational further education. Rothwell and Kazanas
(2008) agree with Kaufman (1988) on the point that strategic training is a central
constituent of human resources development, which presupposes an effective and
efficient management of educational interventions to achieve the organization’s
objectives. The starting point of strategic training consists in a comprehensive needs
analysis, which results in the specification of a problem, its causes and an effective
solution.
Influenced by Kaufman (e.g., Kaufman, Herman, & Watters, 1996), needs
analysis advanced to a central component of instructional design. In addition, Rossett
(1995) and Witkin and Altschuld (1995) contributed substantially to the systematics
of needs analysis in the field of instructional design. In addition, Rothwell and
Kazanas (1998, 2008) developed a comprehensive and influential model (see
Figure 3.3).
Needs assessment requires different techniques, such as a means-end-analysis
and a feasibility analysis in order to identify the educational or instructional problem
before a solution can be sought (see Table 3.3 for the instructional activities suggested
by the model of Rothwell and Kazanas).
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Table 3.3. Description of the instructional activities within the model
of Rothwell and Kazanas
Instructional activity

Description

Conduct a needs
assessment

Identify gaps between actual and desired performance and
determine causes.

Assess relevant learner
characteristics

Define target group; assess knowledge, skills, attitudes, and how
they will affect learning and application of new skills.

Analyze factors in
workplace setting

Determine how the work environment affects current performance,
and how it will affect learning and application of new skills.

Perform analyses of job, Collect data on required tasks for current or new jobs, and
task, and content
identify requirements for competency.
Write statements of
performance objectives

Describe desired outcomes of training process.

Develop performance
measurements

Identify methods of defining achievement of performance.

Sequence performance
objectives

Arrange order in which topics should be learned.

Specify instructional
strategies

Select approaches, which will facilitate learning and
achievement of objectives.

Design instructional
materials

Select or devise materials that support teaching strategy.

Evaluate instruction

Carry out formative evaluation to confirm program’s
effectiveness.

On the whole, needs analysis serves the purpose to determine the need for
learning and training within an organization’s strategic planning. The result of needs
analysis consists in an inventory of prioritized objectives. In practice, needs analysis
corresponds with the systematic assessment of gaps between current and desired
states of knowledge, skills, and attitudes.
Variations of Instructional Design Models
Not only the Dick-Carey model of instructional design has been inspired to a great
extent by the Gagné-Briggs model but also the ID models of other authors (e.g.,
Diamond, 1989; Gerlach & Ely, 1980; Kemp, 1985; Seels & Glasgow, 1990).
Andrews and Goodson (1980) have identified at least 40 different instructional
design models, which show a striking degree of similarity insofar they describe
the process of instructional design in a linear, systematic and prescriptive form
by focusing on basically the same steps. According to Dick (1986/87), the models
analyzed by Andrews and Goodson share nearly identical steps of the instructional
design process.
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The Instructional Design Process
1.	Needs assessment. Identifies needs to which instructional solutions may
respond.
2. Instructional analysis. Identifies content goals and requisite skills learners
must achieve to reach instructional goals; sets objectives and standards for
meeting them.
3. Learner analysis. Identifies learner instructional need and learner
characteristics; develops test instruments to determine if learners can begin
instruction.
4. Instructional setting. Identifies modes through which instruction can be
delivered, such as lecture or self-instruction; develops instructor and student
guides and other materials.
5. Instructional strategy. Develops strategies to (a) assess learner entry skills,
(b) develop and sustain learner motivation, (c) inform learners of informational
and behavioral requirements for each objective; provides practice and feedback
activities; develops testing plan: pretest, embedded tests, post-test, attitude
questionnaire; provides strategies for remediation an enrichment.
6. Materials development. Drafts and refines instructional materials through
processes of formative evaluation.
7. Formative evaluation. Tries instruction in various settings to identify
problems and revise materials.
8. User training. Provides procedures for use of materials and training of
instructors.
To be cost-effective, the instructional design process must meet two critical
prerequisites. The first is the establishment of an instructional goal that describes
what learners will be able to do when they complete the instruction. Second,
the total process is of greatest benefit when a number of instructors offer the
instruction numerous times. The systems approach is usually not cost-effective
for instruction that will be presented only once to a small group of students.
It is not the place here to describe all the various models of instructional design
that have been developed since the Gagné-Briggs model. Surveys on ID models (e.g.,
Andrews & Goodson, 1980; Gustafson & Branch, 2002; Reigeluth, 1999; Tennyson
et al., 1997) indicate a great variety concerning core and scope of models. On one
side, there are comprehensive models aiming at the design and development of entire
courses or an entire curriculum, on the other side there are models with a focus on
selected parts of the entire process, such as the design of learning tasks or learning
objects. From our point of view, Gustafson and Branch (2002) have suggested a useful
categorization of instructional design models by distinguishing between (1) classroomoriented models, (2) product-oriented models, and (3) systems-oriented models.
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Classroom-oriented models. This category of ID models aims at supporting
professional teachers acting in educations institutions, such as schools, vocational
training institutes, or universities. Accordingly, a large variety of classroom settings
must be taken into account when choosing a particular ID model. Gustafson and
Branch (2002) exemplify this by referring to the models of Gerlach and Ely (1980),
Heinich et al. (1999), Morrison et al. (2011), and Newby et al. (2000). Interestingly,
a main feature of these models is their focus on supporting media rich instruction.
Newby et al. (2000) distinguish three phases of instructional design (planning,
implementation, evaluation), and Heinich et al. (1999) distinguish six phases for which
they use the acronym ASSURE (Analyze learners, State objectives, Select media and
materials, Utilize media and materials, Require learner participation, Evaluate and
revise).
The approach of Morrison, Ross and Kemp (2001) – originally called the Kemp
Design model – emphasizes the perspective of the learner by asking six questions:
(1) What level of readiness do individual students need for accomplishing the
objectives? (2) Which instructional strategies are most appropriate in terms of
objectives and student characteristics? (3) Which media and resources are most
suitable? (4) What support is needed for successful learning? (5) How is achievement
of objectives determined? (6) Which revisions are necessary if a tryout of the program
does not match the expectations? (Morrison, Ross, & Kemp, 2001, p. 5). Usually, the
“Kemp Design model” is depicted as follows (see Figure 3.4).

Figure 3.4. The Kemp design model (adapted from Morrison et al., 2011)
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In 1971, Gerlach and Ely devised their model of instructional planning; it is
prescriptive and similar to the Dick-Carey model. The Gerlach-Ely model illustrates
the fundamental principles of teaching and learning and is suitable for K-12 as well
as higher education (Gerlach & Ely, 1980). Although Gerlach and Ely emphasize
strategies for selecting and including media in instruction, their model is one of the few
models, which recognizes explicitly the content orientation of instructional design.
Accordingly, it starts with the specification of the content to be taught and related
learning objectives. The next step consists in the assessment of entering behaviors of
students on the basis of either cumulative records or designed pretests. Subsequently,
a phase of simultaneous decision-making focuses on the choice of a teaching strategy,
the organization of groups as well as the allocation of time, space and resources. The
designer can begin the decision making process at any point within this phase but must
take into account that a decision (e.g., about resources) may influence other decisions.
Once all necessary decisions are made the content can be taught. The next step of the
model includes the evaluation of performance, and finally, the teacher considers the
results of the learners in order to provide feedback about achieving the objectives
of the lesson. The Gerlach-Ely model (see Figure 3.5) is suitable for instructional
designers, who have available subject matter expertise in a content domain.

Figure 3.5. The Gerlach-Ely instructional design model (adapted from Gerlach & Ely, 1980)
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Product-oriented models. According to Gustafson and Branch, this category of ID
models is characterized by four key assumptions: (1) the instructional product is
needed, (2) something needs to be produced rather than selected or modified from
existing materials, (3) there is a considerable emphasis on tryout and revision, and
(4) the product must be usable by learners with only “managers” or facilitators, but
not teachers, available. Gustafson and Branch describe the models of Bergman and
Moore (1990), Hoog et al. (1994), Nieveen (1997), Bates (1995), and Seels and
Glasgow (1990, 1998) as such product-oriented models.
Even this group of ID models show a strong emphasis on information technology
and media. For example, the Bergman-Moore model aims at guiding and managing
the production of interactive multimedia products. The process of instructional
design contains six activities: (1) analyze, (2) design, (3) develop, (4) produce,
(5) author, and (6) validate (Bergman & Moore, 1990).
The model of Hoog et al. (1994) serves the development of simulations
and expert systems. It operates on the basis of rapid prototyping. Similar to this
approach, Nieveen’s (1997) model (see Figure 3.6), primarily referred to as
CASCADE, is essentially an electronic performance support system to improve the
effectiveness and quality of curriculum materials development. An essential feature
of CASCADE consists in supporting the user by improving the consistency of the

Figure 3.6. The Nieveen CASCADE model (adapted from Nieveen, 1997, p. 60)
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formative evaluation process. Also, CASCADE was designed with an accessible
interface for a wide variety of users. Interface elements include subject area support
as well as navigational tools. This makes CASCADE to a representative example of
automatized instructional design, too.
Differently, the Bates model is a traditional approach within the realm of distance
learning and the infusion of instructional media. The model has four phases: Course
outline development including identification of target group and content to be
taught, selection of media, development/production of materials, and course delivery
including also student assessment and course evaluation (Bates, 1995).
Comparably comprehensive is the model of Seels and Glasgow (1990, 1998; see
Figure 3.7) that, however, is based on the assumption that instructional design and
development take place in the context of project management. Hence, the model is
organized into three phases of project management: Needs analysis, instructional
design, and implementation and evaluation. Seels and Glasgow emphasize that
the different steps within each phase may occur in a linear order but they involve
iterations of formative evaluation. Comparable with the Gerlach-Ely model the
second phase of the Seels-Glasgow model concerned with the instructional design in
a narrow sense is characterized by simultaneous decision making managed through
feedback and interaction.

Figure 3.7. The Seels-Glasgow model of instructional design
(adapted from Seels & Glasgow, 1998, p. 178)

Besides the emphasis on project management, the Seels-Glasgow model focuses
also on the diffusion of instructional products, which should be adopted by different
clients and users. “The model appears to be intended for developers of products and
lessons with the expectation that the results will be disseminated for others to use”
(Gustafson & Branch, 2002, p. 44). Therefore, the Seels-Glasgow model could also
be considered as an example of systems-oriented models.
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Systems-oriented models. This category of ID models typically aims at large and
long-lasting instructional events, such as entire courses or a curriculum. According
to Gustafson and Branch (2002), they presuppose substantial resources “being made
available to a team of highly trained developers” (p. 45). The most prominent systemsoriented ID model certainly is the Dick-Carey model (see above). Other models have
been developed by Diamond (1980, 1989), Gentry (1994), and Dorsey et al. (1997),
Smith and Ragan (2005). Among them, the Smith-Ragan model is characterized by a
strong reference to cognitive theories of learning. This model has three main phases
including eight different steps: analysis, strategy and evaluation (see Figure 3.8).

Figure 3.8. The Smith-Ragan model of instructional design
(adapted from Smith & Ragan, 2005)

According to its reference to cognitive theories of learning, the Smith-Ragan
model is one of a few ID models that emphasize the central role of learning
environments. The necessary analysis of the learning environments as first step
involves two procedures: (1) a substantiation of a need for instruction in a particular
subject matter domain, and (2) a detailed description of the environment in which the
instructional product will be used. Another indicator for the orientation to cognitive
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psychology is the emphasis of learning tasks as central means of instruction (see
also Seel, 1981).
Not only the Smith-Ragan model is somehow unique when compared to
other ID models but also the Diamond Model (see Figure 3.9; Diamond, 1989). It
was specifically developed for institutions of higher education. This model focuses
on individual classes as well as complete curricula. A characteristic feature is the
inclusion of social and political constraints of the learning communities within
universities and their departments. Accordingly, Diamond’s model aims at faculty
development and organizational development as a means of human resources
improvement. Interestingly, the model also emphasizes the particular role of
teamwork in finding solutions for instructional design problems in the field of
higher education.
Albeit its constriction to higher education, Diamond’s model is one of the
most comprehensive approaches in the field of instructional design. The model is
divided into two main phases: (1) Project selection and design, and (2) Production,
implementation, and evaluation. Phase 1 starts with the examination of the
feasibility and desirability of launching the project. Thus, enrollment projections,
the effectiveness of existing courses as well as priorities of the department and
faculty are analyzed prior to the production and implementation of instructional
units. Phase 2 of the model specifies seven steps that each unit of a course or
curriculum must proceed.
We consider the ID models described by Gustafson and Branch (2002) as
representative for the first generation of instructional design. Clearly, there are
numerous other models, which have been developed in the course of the past
sixty years, for example, Reigeluth’s elaboration theory. Overviews on ID models
can be found in Reigeluth (1999), Spector (2015), and Tennyson et al. (1997).
Certainly, they could also be reviewed along the taxonomy that Gustafson and
Branch generated on the basis of some selected characteristics (see Table 3.4).
Gustafson and Branch point out that most authors of ID models do not explicitly
discuss the characteristics listed in the taxonomy but rather they describe the major
elements of their model and how they should be implemented. Nevertheless, the
taxonomy provides a fundamental basis for understanding the characteristics of
instructional design models.
Finally, we have to note the assumptions on which Gustafson and Branch have
based their taxonomy and analysis of ID models:
1.	ID models serve as conceptual, management, and communication tools
for analyzing, designing, creating, and evaluating guided learning, ranging
from broad educational environments to narrow training application.
2.	No single ID model is well matched to the many and varied designs
and development environments in which ID personnel work. Hence, ID
professionals should be competent in applying (and possible adapting) a
variety of models to meet the requirements of specific situations.
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3.	The greater the compatibility between an ID model and its contextual,
theoretical, philosophical, and phenomenological origins, the greater the
potential is for success in constructing effective learning environments.
4.	ID models help one to take into account the multiple backgrounds of
learners, the multiple interactions that may occur during learning, and the
variety of contexts in which learning is situated.
5.	Interest in ID models will continue, however the level of application will
vary depending on the context or situation.

(Gustafson & Branch, 2002, pp. xv–xvi)
Table 3.4. A taxonomy of ID models (Gustafson & Branch, 2002, p. 14)
Selected
Characteristics

Classroom
Orientation

Product
Orientation

System
Orientation

Typical Output

One or a
few hours of
instruction

Self-instructional
or instructordelivered package

Course or entire
curriculum

Resources committed to
development

Very low

High

High

Team or individual effort

Individual

Usually a team

Team

ID skill/experience

Low

High

High/very high

Emphasis on development or
selection

Selection

Development

Development

Amount or front-end analysis/
Needs assessment

Low

Low to medium

Very high

Technological complexity of
delivery media

Low

Medium to high

Medium to high

Amount of tryout and revision

Low to medium

Very high

Medium to high

Amount of distribution/
dissemination

None

High

Medium to high

Since Gagné’s seminal work on instructional design, his disciples agree more
or less implicitly on the assumption that instructional effectiveness depends on the
learners’ motivation to learn. To trigger this motivation something must be done to
get the learners’ attention first. However, an analysis of existing ID models show
that most of them abandon concerns about the learners’ motivation after the initial
analysis and assessment have taken place. It seems that only Keller’s (1987, 2008,
2010) approach of motivational design persistently pays regard to provoking and
maintaining the learner’s motivation throughout the entire process of learning.
Keller’s model is unique among ID models in that it is a problem-solving model,
which helps a designer to identify and solve specific motivational problems related
to the appeal of instruction.
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The ARCS Model of Motivational Design
The primary focus of Keller’s (1987, 2008, 2010) approach of motivational design
is on the motivation to learn and refers specifically to strategies, principles, and
processes for making instruction appealing. According to Keller, learning occurs
most effectively when learners are engaged throughout the entire learning process,
and when appropriate instructional methods ensure that the learner’s engagement
can be maintained forward through to the completion of the learning tasks. Keller’s
motivational design model is not only grounded in Gagné’s events of instruction
but also in expectancy-value theory, reinforcement theory, and cognitive evaluation
theory. These theories are integrated to explain the relationships among learner’s
effort, performance, and satisfaction.
As a central part of instructional planning motivational design refers to the
process of arranging resources and instructional procedures to bring about changes
in motivation to learn. Keller’s model aims at (1) the identification of the learner’s
motives and needs, (2) the analysis of those learner characteristics that dictate
the motivational requirements to the instructional system to be designed, (3) the
diagnosis of those features of instructional materials that are appropriate to stimulate
the learner’s motivation, (4) the choice of suitable tactics to maintain motivation, and
(5) their application and evaluation. The model consists of four major components,
which are specified through psychological terms providing a theoretical explanation
of the motivational problem (see Figure 3.10).

Figure 3.10. Components of ARCS model

Each component is exemplified by a list of questions to be answered by the
instructional designer. For example, the question for matching the learner’s motives
is “How and when can I match my instructional method with the learning styles and
interests of the students?”. Table 3.5 provides a survey of the ARCS components and
related strategies of teaching.
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Table 3.5. Instructional strategies related to the major components of the ARCS model
A

Attention:
Arouse and sustain a learner’s curiosity and interest

Perceptual Arousal

Use surprise or uncertain situations to create curiosity and wonderment.

Inquiry Arousal

Nurture thinking challenges and generate inquiry by offering
difficult problems to solve.

Variability

Incorporate a variety of teaching methods to sustain interest.

R

Relevance:
Link a learner’s needs, interests, and motives

Goal orientation

Describe how the knowledge will help the learner today as well as
in the future.

Motive matching

Assess the learners’ needs and reasons for learning and provide
choices in their learning methods that are conductive to their motives.

Familiarity

The instruction into the learners’ experiences by providing
examples that relate to problem.

C

Confidence:
Develop positive expectations for achieving success

Performance
Requirements

Provide learning standards and evaluative criteria to establish
positive expectations and trust with learner.

Success
Opportunities

Present multiple, varied challenges for learners to experience
success.

Personal Control

Use techniques that allow learners to attribute success to personal
ability or effort.

S

Satisfaction:
Provide reinforcement and reward for learners

Intrinsic
Reinforcement

Encourage and support intrinsic enjoyment of the learning
experience.

Extrinsic Rewards

Provide positive reinforcement and motivational feedback.

Equity

Maintain consistent standards and consequences for success.

According to Keller (2010), the ARCS model was designed as a learning model
to be effective both in the classroom and in professional learning environments such
as corporate training and professional development. The ARCS model advanced to
the most popular approach of motivational design in education and its components
should be considered as a minimum requirement for the design of learning
environments (see Niegemann et al., 2008). From Keller’s point of view, the model
of motivational design should be considered as the necessary completion of the
ID models in Gagné’s tradition.
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Since Andrews and Goodson (1980) analyzed fifty ID models, much more
models have been generated so that momentarily about one hundred ID models
exist. In consideration of the vast amount of ID models the idea accrued to develop
a comprehensive framework with the aim to expose the similarities and differences
between those models.
Summary
Based on the assumption that different conditions of instruction produce different
modes of learning, Gagné distinguished between nine instructional events in
order to support the internal processes connected with learning. Instructional
design divides into different phases that are described in the Gagné-Briggs
model, which can be considered as the first prescriptive ID model. Subsequently,
adjusting to the Gagné-Briggs nine-step model has been considered as an
excellent way to ensure effective and systematic instruction as it gives structure
to the lesson plans and a holistic view to the teaching.
The Gagné-Briggs model grounds on both learning psychology and systems
theory. Thus, it takes a closed circuit of planning steps as a basis that must be iterated
as long as the objectives of planning are reached. This procedure characterizes
also the Dick-Carey model, which advanced to the most influential ID model of
the first generation and defines the standard of training in instructional design
until today. Both the Gagné-Briggs model and the Dick-Carey model are the
classics of instructional design and have inspired many other models. According
to Gustafson and Branch (2002) the existing ID models can be classified into the
categories of classroom-oriented, product-oriented and system-oriented models.
Most ID models of the first generation excel a foundation on systems theory. Some
of these models, such as Diamond’s model or Keller’s ARCS model are unique
insofar as they emphasize domains of instructional design (e.g., motivation of
learners) that are neglected by other models.
Adjunct questions:
Q 3.4: Which components do the Gagné-Briggs and Dick-Carey share?
Q 3.5: What are the steps of planning in the Dick-Carey model?
Q 3.6:	Compare the described ID models with regard to their congruence. Use a
table.
Q 3.7:	Which advantages a needs analysis yields with regard to human performance
improvement?
Q 3.8: What are the main components of Keller’s ARCS model?
The ADDIE Framework
In their essence, the first generation instructional design models as well as the
ADDIE framework center on seven basic questions (see Table 3.6).
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Table 3.6. Key questions within the ADDIE framework
Who → target group of learners?
What → contents to be taught/learned?
What for → instructional goals and learning objectives?
Why → accountability (needs analysis)?
How → instructional strategies and methods?
When → timeline of instruction?
Where → venue of the learning environment?

Although the acronym ADDIE is used since decades in the field of instructional
design it still is not clear whether it is an independent ID model or only an umbrella
term for the ID models of first generation. It seems that ADDIE originally has been
developed at Florida State University within the realm of military training developed
by Branson et al. (1975) in order to explain the processes involved in the development
of instructional systems (see Figure 3.11). In the aftermath, it became evident that
ADDIE can be considered as a common denominator of procedural ID models. In
conclusion, Molenda (2003) considers ADDIE as an umbrella term, which refers to
a family of procedural ID models that share a similar structure. The acronym ADDIE
covers the phases of generic instructional design: Analysis, Design, Development,
Implementation and Evaluation (Branch, 2009).

Figure 3.11. Components of ADDIE

Procedural steps of ADDIE. The analysis phase of the instructional design process
addresses what the learner is to learn. Accordingly, all content, methods, activities,
and assessment of the learning experiences should be traceable to the results of the
analysis, which typically includes
• a needs assessment and the specification of instructional objectives,
• the analysis of learner characteristics,
• a context analysis,
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• a content analysis, as well as
• a cost-benefit analysis.
The instructional designer is exposed to different questions to be answered, such as
•
•
•
•
•

Who are the learners and what are their dispositions to be taken into account?
Which new behaviors, knowledge structures, skills are intended?
Which constraints exist with regard to learning?
Which options to deliver instructional materials exist?
Which more far-reaching educational issues must be taken into consideration?

The focus of the analysis phase is on what the learner should be expected to
know at the end of a course as well as what the learner will need to know and
be able to perform in future (Gagné, Briggs, Wager, Golas, & Keller, 2005).
Accordingly, the analysis has to address what is covered in previous courses and
what should be addressed in future. A course analysis must also examine how a
particular course fits within the context of a larger program or curriculum. The
output of the analysis consists of a set of learning objectives, which serve as the
input to the next phase.
The design phase of ADDIE centers on activities and knowledge to support the
achievement of intended learning outcomes. Thus, the design process coincides
with the development of a plan for how the learners can achieve the objectives.
The product of the design phase consists of an instructional blueprint. Accordingly,
the emphasis is on drafting a storyboard, i.e., a sketchy display of the entire
structure of the learning environments and the intended learning processes. Hence,
the design phase of ADDIE mainly covers the entire planning of instructional
activities and the necessary decisions that refer to orchestration of the relevant
external conditions for learning (e.g., teaching methods, social interactions, media
and delivery systems, the organization of the environment, the design of the
interface, and so on. Figure 3.12 provides an example of lesson planning according
to the design phase of ADDIE. Planning is considered as a generative and creative
process in which the instructional designer envisions what the instruction will look
like. Significant activities at this stage are
1.
2.
3.
4.

to choose themes,
to create appropriate methods and procedures,
to identify a set of concrete activities to support learning, and
to identify a set of specific learning skills.

At this stage, instructional planning is comparable with the production of a play
at theatre. Before a play can be performed in front of an audience, numerous steps
of thoughtful planning are necessary. The theater metaphor seems appropriate to
understand what is going on in the design phase of instructional design. According
to this metaphor, instructional design transforms instructional methods into an
orchestration on “stage.” In practice, five levels have proved beneficial: (1) a topic
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Figure 3.12. Example of lesson planning

or headline that fits with the situation, (2) a story to be told on condition of the
headline, (3) the scene of the performance, (4) the particular roles to be played
(inclusively the corresponding social relationships), and (5) the style or format of
orchestration.
The design phase is tightly intertwined with the development phase but
distinguishable. At a certain point of planning it becomes necessary to shift from
brainstorming and generating possibilities, making selections and establishing
a blueprint or storyboard (i.e., the design phase) to constructing materials (i.e., the
development phase). Shortly said, the development phase of instructional design is
concerned with the allocation of instructional materials and learning tasks.
In many cases, the starting point consists of checking the possibility to use
already existing materials or the actual necessity to produce new materials. In the
literature, this is called a buy-or-build decision, which means, in essence, to buy
existing materials or to develop materials from scratch.
With regard to buying material, Lee and Owens (2004) have distinguished several
steps to come to a decision in the case of multimedia-based instruction. The first step
is to identify likely sources of information (e.g., the amount of proprietary material,
which could be used), the second step consists in collecting information and existing
course materials. The next step consists in the evaluation of the collected information
and materials being mindful of objectives, the target group and the needs. More
specifically, this evaluation includes (1) to rate the appropriateness and usability
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of the materials, (2) to determine whether the available materials match the time
constraints of the project, (3) to determine whether the cost is appropriate to the
project’s budget, and (4) to ensure that a technology requirement does not include
acquiring or implementing hardware that extends the delivery timeline or costs
beyond what is practical.
In case that the instructional material must be developed from scratch, the
developer must take into account several considerations. First, it must be clear
what the learner should know or able to do at the end of the course. In addition, the
developer must also take into account the instructional strategy, the costs involved
in development and maintenance of the instructional materials, the skills the learners
possess, and the resources available. Since the materials are being developed for
skills within the interpersonal domain, they should permit for peer-sharing, group
activities, and interpersonal interactions. Accordingly, the materials should target
communication skills, leadership, and cooperation. As experienced practitioners
know, the development of instructional material is hard and time-consuming work
(Ellington & Aris, 2000). Usually, it must be done by teams of people who are experts
in the subject matter area, the production of texts, pictures, videos, and computer
programs (such as simulations).
The implementation phase of instructional design involves the transformation of
planned instructional activities into practice (see Figure 3.13). It contains procedures
for training both facilitators and learners. Facilitators cover the course curriculum,
learning outcomes, method of delivery, and testing procedures. Preparation for
learners includes training them on new tools (e.g., software or hardware). Everything
occurs under strict control of the conditions for realization, and is, therefore,
combined with a formative evaluation.
Formative evaluation as part of implementation is essential for trying to understand
why an instructional system works or not, and what other factors (internal and
external) are at work within the learning environment. Formative evaluation requires
time and effort, and this might be a barrier to undertaking it, but it should be viewed
as a valuable investment that improves the likelihood of achieving a successful
outcome through better design and development.
Most ID models and also ADDIE agree on the point that at the end of the
instructional design process a summative evaluation is necessary. As such,
summative evaluation can also be referred to as ex-post evaluation (meaning after
the event). It is outcome-focused more than process-oriented. Thus, summative
evaluation aims at measurement of the result of instruction, such as increased
knowledge or increased skills as defined by the instructional goals at the start of the
instructional design process. Summative evaluation is often associated with more
objective, quantitative methods of data collection but using qualitative methods of
data collection can also provide a good insight into unintended consequences and
lessons for improvement.
Since its introduction into the literature, ADDIE has advanced to the most
popular framework of instructional design and it is used in many large organizations
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Figure 3.13. Steps of implementation

(Branch, 2009). A study of several companies reported by Chapman (1995) revealed
that instructional designers perform distinct tasks while engaged in the development
of training. Chapman also reports percentages of time spent in instructional
development for a large project consisting of 21 courses developed for the United
States Air Force (see Figure 3.14).
Obviously, a significant amount of time was spent on the actual production of the
courses (producing media and authoring), but an equally large amount of time was
spent dealing with analysis, design and evaluation tasks. In a more recent study on
operational priorities of instructional designers, Ozdilek and Robeck (2009) could
show that instructional designers working in various educational sectors indicated
the highest levels of concern on elements within the analysis step of the ADDIE
model. Within this step, much more attention is given to learner characteristics than
to other considerations.
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Figure 3.14. The ADDIE framework in practice (adapted from Chapman, 1995)

ADDIE is not an ID model by itself but rather an umbrella term insofar as virtually
all models of instructional design correspond with ADDIE (Kruse & Keil, 2000;
Reiser, 2001). This can be illustrated, for instance, by a comparison of ADDIE with
Diamond’s ID model (see Table 3.7)
Table 3.7. Comparison of ADDIE with Diamond’s ID model
ADDIE Model

Diamond Model

Analysis

Phase I

Project Selection
Design

Phase II

Production
Design
Evaluation

Design
Development
Implementation
Evaluation

Regardless of its popularity, the ADDIE framework exhibits some conceptual
weaknesses. For example, it is not sufficiently iterative to correspond with the
demands of complex problems because ADDIE operates with a more or less rigid
sequence of planning steps that might be appropriate only for static contexts. In
consequence, ADDIE permits only little accommodation to faults or spontaneous
ideas in the course of planning. As in the Dick-Carey model, which can be considered
as a prototype of ADDIE, three assumptions must be satisfied: (1) all prescribed
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activities must be completed, (2) each activity must be completed before switching
to the next, (3) each activity must be completed with a sufficient precision.
The instructional designer must be aware of all requirements before the
development of instructional materials. For some authors (e.g., Bichelmeyer, 2004)
the biggest weakness of ADDIE is that it is only an extrapolation of ID models in
the tradition of Gagné, and thus, is not capable to incorporate novel developments
of educational psychology. This incorporation of prevailing theories on learning is
a major characteristic of newer ID models that go beyond the framework stretched
by ADDIE. However, regardless of the reasonable critics ADDIE may also serve
as a suitable framework for rapid prototyping (Piskurich, 2015) and research-based
approaches of instructional design (see below).
Summary
The vast amount of traditional ID models can be integrated into a common
framework called ADDIE as acronym of Analysis, Design, Development,
Implementation and Evaluation. Each phase of ADDIE is made up of different
procedural steps. ADDIE can be considered as a preliminary endpoint of ID
models in the tradition of Gagné. Results of some studies indicate that in the
instructional design process some elements of ADDIE receive more attention
than others and, therefore, may be emphasized as changes in instructional design
models proceed.
Adjunct questions
Q 3.9:	Describe the activities of generic instructional design that are connected
with the five different phases of ADDIE.
Q 3.10: What are the strengths of ADDIE from your point of view?
Q 3.11:	What are weaknesses of ADDIE in terms of its tradition and up-to-dateness?
The 4C/ID model
The Four-Component Instructional-Design model (4C/ID) is one of the newer
models that takes into account the critics of ADDIE. The 4C/ID model has been
developed by Van Merriënboer (1997) and aims at the integration of “cognitive
load theory” into instructional design (see Kester et al., 2001). The central concern
of this model is the design of learning environments aiming at the acquisition and
improvement of cognitive abilities and task-specific skills in complex domains.
Accordingly, instruction and training focus on the coordination and integration of
capabilities necessary for accomplishing complex cognitive tasks. This should be
done on the basis of schemas, which permit the application of routines to solve a task.
The four components of the 4C/ID model include learning tasks, part-time
practice, supportive information, and procedural information.
75

CHAPTER 3

Learning tasks. Van Merriënboer (1997) introduced the concept of task classes
to define simple-to-complex categories of learning tasks. “Learning tasks within a
particular task class are equivalent in the sense that the tasks can be performed on
the basis of the same body of generalized knowledge (e.g., mental models, cognitive
strategies, or other cognitive schemas). A more complex task class requires more
knowledge or more embellished knowledge for effective performance than the
preceding, simpler task classes” (Van Merrienboër et al., 2003, p. 7). Accordingly,
the learning environment should provide concrete tasks, which cover the entire
process of learning. Furthermore, the application of schemas on non-recursive tasks
shall be supported (Corbalan et al., 2008).
Part-task-practice. This component centers on the sequencing of learning tasks
from simple to complex in order to support the proceduralization of cognitive skills
by means of repetitive exercises. Van Merrienboër et al. (2003) suggest starting
with relatively simple learning tasks and progress toward more complex tasks. In
accordance with the part-whole approach, complex performances should be broken
down into simpler parts that are trained separately and then gradually combined
into whole-task performance. Part-task approaches to sequencing are considered
as highly effective to prevent cognitive overload because the load associated with
a part of the task should be lower than the load associated with the whole task.
This approach to gradual skill development is akin to the “global before local
skills” principle used in cognitive apprenticeship (Collins et al., 1989, p. 485) and
Reigeluth’s (1999) elaboration theory.
Supportive information. The focus of this component of the 4C/ID model is
on the elaboration of available schemas. The central question is how the learner
can be supported to accomplish a learning task by constructing relevant mental
representations such as mental models. Van Merrienboër argues that supportive
information should be presented explicitly just before the task class for which it is
relevant. For subsequent tasks only new (additional) supportive information should
be provided in order to avoid an increase of cognitive load. Similarly, repeating
supportive information from previous task classes should be avoided due to the
redundancy with what the learners may already know. This argumentation corresponds
with the central assumptions of cognitive load theory, but not necessarily with the
research on the use of adjunct questions in text processing and prose learning.
Adjunct questions are questions, which are inserted into a text with the intention
of drawing attention to important textual material (Dornisch, 2012). According to
empirical studies (e.g., Hamaker, 1986; Peverly & Wood, 2001), adjunct questions of
all cognitive levels have a strong facilitative effect on learning and it doesn’t matter
whether they are provided as pre-questions or post-questions. More important than the
timely moment of providing them is the quality of adjunct questions because research
indicates that higher order adjunct questions may have a more general facilitative
effect on learning than factual adjunct questions (Hamilton, 1985; Seel, 1983).
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Procedural information. This component is also entitled as just-in-time
information because it aims to provide the learner with guidance and help exactly
when needed to accomplish learning tasks. In contrast to supportive information,
the delivery of procedural information aims at the development of more or less
automated schemas. Van Merrienboër argues that experts perform recurrent task
aspects effectively because they activate automatically those schemas that connect
particular characteristics of a problem to particular procedures of problem solving.
Thus, the central question related to the fourth component of the ID model is how to
help novice learners automate schemas for recurrent aspects of learning tasks. Van
Merrienboër believes that procedural information is best provided precisely when
learners need this assistance in the course of working on learning tasks – simply
said “just in time.” As a matter of course, the presentation of procedural information
should fade away as learners acquire expertise in performing recurrent learning
tasks. In their coherence these four components of the 4C/ID model are depicted in
Figure 3.15.

Figure 3.15. The 4C/ID model (Van Merriënboer et al., 2002, p. 44)
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Due to the fact that the 4C/ID model mainly grounds on cognitive load theory it
appears nearly self-evident that the varying cognitive load is located at the center
of the figure. We already have referred to cognitive load theory when talking about
scaffolding of instructional design. Now we describe this approach in more detail.
Cognitive Load Theory
Since Chandler and Sweller have introduced the Cognitive Load Theory (CLT) in
the 1980s, it acquired a high reputation in educational psychology (de Jong, 2010;
Plass et al., 2010). Despite its emphasis on cognitive theories of learning, CLT can
be traced back to the 1960s when information science, programmed instruction
and cybernetic principles of learning and teaching had been accentuated (see, for
example, Smith & Smith, 1966).
The current version of CLT conceives learning as information processing
and postulates a long-term memory in which knowledge and skills are stored
permanently as well as a working memory, which is responsible for instantaneous
processing of information. Since Ebbinghaus (1885), Miller (1956) and Broadbent
(1958) the idea of a limited capacity of information processing is widely accepted,
and Miller’s “magic number seven” is a common property in cognitive psychology.
Berlyne (1971) argued that a cognitive overload occurs in the case of too much
information to being processed, too.
Both the complexity and difficulty of information processing increase in
dependence on the efforts necessary to accomplish a cognitive task. Clearly, the
requirements and the complexity of cognitive tasks are externally determined but
they depend much more on the abilities of the learners to accomplish them. Hence,
the difficulty of a task depends on the cognitive effort necessary for accomplishment
as well as on the situational context and availability of resources. Consequently,
CLT considers the workload as dependent on the interaction of a person with a task
whereby one and the same task may evoke different loads for different persons. That
means the cognitive load is not only task-specific but also person-specific.
An overload occurs when a learning task is too complex to a person due to
the many interacting elements of information. In view of a possible overload,
CLT distinguishes between an extraneous and an intrinsic load. Since information
processing requires much cognitive effort as response to a task’s complexity or
difficulty an intrinsic load occurs, whereas a high interactivity of elements within
the learning material may result to an extraneous (or extrinsic) load, which makes
it difficult to process the learning tasks. A central goal of CLT aims at making
instructional material easy to learn (Chandler & Sweller, 1991). Figure 3.16
shows various strategies to reduce cognitive load within the 4C/ID model. For
example, worked examples are learning aids, which provide prototypical solutions
of tasks, and thus, substitute cognitive schemas (Atkinson et al., 2000). At bottom,
a worked example is a step-by-step demonstration of how to solve a learning task
or problem.
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Besides, cognitive load can also be affected by the efforts to activate schemas
from long-term memory. The authors of CLT assume that the activation of schemas
permits to bypass the limitations of the working memory resulting in a quasi-automatic
processing and minimization of cognitive load (Cooper & Sweller, 1987). This third
kind of cognitive load is named germane load associated with the assumption that
qualified skills develop by means of the construction of an increasing number of
complex schemas (Sweller, 1994). In case when schemas cannot be activated the
learners should be provided with worked examples.
Another assumption of CLT points out that learning becomes more difficult when
information is presented with different formats (e.g., text and picture). In this case,
the learners have to integrate these formats before they can understand something.
With other words: The simultaneous presentation of information in different formats
requires additional efforts and results in a “split attention effect.” In order to avoid this
effect, some authors (e.g., Errey et al., 2006) recommend to abstain from redundant
materials and to focus the learner’s attention on a single information source. This
argumentation however contradicts to results of research on audio-video redundancy
(Seel, 2008) and may lead to negative learning results as Schnotz and Rasch (2005)
could demonstrate with regard to multimedia learning.

Figure 3.16. Strategies to reduce cognitive load within the 4C/ID model

From an historical perspective, CLT is neither new (but rather “old wine in
new pipes”) nor unique because there exist comparable conceptions in market and
consumer research since a long time. With regard to this research, Hunter (2002)
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states that there is not yet any empirical evidence for a cognitive overload in
information processing at all. In principle, it seems that this statement also holds
true with regard to research on CLT (see, for example, the critics of de Jong, 2010;
Gerjets, Scheiter, & Cierniak, 2009).
The critical view on CLT maybe incriminates also the 4C/ID model because it
centers on CLT insofar as the four components together shall contribute to a load
removal when accomplishing learning tasks. Regardless of the substantiated critics
concerning basic assumptions of CLT from the perspective of memory research (e.g.,
Seel, 2008), the 4C/ID model enjoys a high reputation in the field of instructional
design. Merrill (2002), for example, points out that the model provides a general
framework to the design of learning environments, “in which more and more complex
versions of the whole complex cognitive skills are practiced” (p. 8). “While learners
practice simple to complex versions of a whole task” (p. 10), instructional methods
that promote just-in-time information presentation are used to support the recurrent
aspects of the whole task while, at the same time, instructional methods that promote
elaboration are used to support the non-recurrent aspects of the task” (p. 10).
A few studies (e.g., Bastiaens & Martens, 2007; Sarfo & Elen, 2007) indicate
the basic practicability of the 4C/ID model. Although the 4C/ID model aims at the
improvement of complex learning it does not belong to the class of problem-oriented
models as Merrill (2002) has realized. It adopts teaching and instruction as it stands
as process consisting of “input – process – output” that must be precisely specified in
advance to the design and development of a learning environment. A minimal guidance
and regulation by means of instructional activities (as in free learning environments)
are considered as ineffective (Kirschner, Sweller, & Clark, 2007). Referring to the
classification by Gustafson and Branch (2002), the 4C/ID model is a classroomoriented ID model because the allocation of supportive and just-in-time information
presupposes interactive decision-making of instructors or teachers. Concordant with the
objectivist view of traditional ID models, the 4C/ID model is based on the assumption
that for effective teaching it is necessary and sufficient to design and develop
appropriate cognitive tasks, which initiate and guide learning processes to achieve the
instructional goals.
Summary
Among the new developments of ID models, the 4C/ID model with its reference
to cognitive load theory (CLT) occupies a central position. The fundamental
conclusion of CLT signifies a limited information processing capacity of the
working memory that imposes various types of cognitive load, and thus, reduces
the learner’s compliance. CLT distinguishes between intrinsic and extraneous load
as well as germane load. Activation of schemas from long-term memory permits a
reduction of cognitive load due to quasi-automatic processing guided by schemas.
In case that schemas cannot be activated, worked examples shall substitute them.
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Based on CLT, the 4C/ID model focuses on the design of learning environments,
which shall stimulate and promote the acquisition of complex cognitive skills. A
central aspect is to reduce cognitive load.
The four components of the model are learning tasks, supportive information,
procedural information (to be provided just-in-time) and part-task practice.
The 4C/ID model is in line with the objectivist tradition and works under the
assumption that effective teaching presupposes the development and design
of learning tasks that stimulate and guide the acquisition of complex cognitive
skills.
Adjunct questions
Q 3.12: Which types of cognitive load are distinguished in CLT?
Q 3.13: Which are the components of the 4C/ID model?
Q 3.14: Why can the 4C/ID model be classified as classroom-oriented model?
TECHNOLOGY-BASED APPROACHES OF INSTRUCTIONAL DESIGN

In the historical review, we have described several approaches of automated
instructional design (AID) inspired by Gagné’s seminal work as well as the emergence
of artificial intelligence and the development of expert systems and intelligent
tutorial systems. Approaches of automated instructional design constitute the “second
generation” of ID models classified by Gustafson and Branch (2002) as productoriented. An analysis of the literature indicates that AID had its high period in the
1990s (e.g., Tennyson & Barron, 1995) and then lost its influence because it could not
satisfy the far-reaching expectations of the scientific community. Nevertheless, some
commercial tools of AID, such as Designer’s Edge, are still available to support the
planning phases of instructional design, and tools for AID are continuously discussed
in the literature (e.g., Paquette, 2014; Spector & Ohrazda, 2008).
To avoid a confusion of issues we have to make clear that the term technology-based
approaches of instructional design does not correspond with instructional design
for technology-based systems, such as technology-enhanced learning environments
(Morrison & Anglin, 2012), but rather refers to tools of AID that should assist
instructional designers in developing instructional systems and courseware (Gros &
Spector, 1994). Although some of them aim especially at support in the development
of computer-based instruction, AID tools typically support users in general decisionmaking applicable to a broad range of instructional products. Advocates of AID
especially accentuate the strength of AID in its capacity to guide novices and nonID professionals through the process of planning effective instruction (Tennyson &
Barron, 1995) as well as to accelerate the design process (Chapman, 1995). Thus,
Muraida et al. (1993) consider AID tools as useful in situations where subjectmatter experts or other persons with insufficient expertise in instructional design are
responsible for developing courseware.
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In the following sections, we refer to the ERIC Digest (Kasowitz, 2000; see also
Spector & Ohrazda, 2008), which focused on four types of AID tools that may guide
users through the instructional design process: Expert systems, advisory systems,
information management systems, and electronic performance support systems.
Expert Systems, Intelligent Tutoring Systems and Advisory Systems
Expert systems are computer programs that provide domain-specific knowledge
to the user. Therefore, expert systems are sometimes called “knowledge-based
systems.” Basically, an expert system contains three components: (1) a knowledge
base, (2) an inference engine, and (3) a user interface.
The knowledge base contains all the declarative and procedural knowledge with
regard to a task domain considered as the area of expertise that the expert system is
designed to work within. The knowledge base does not only contain facts about the
task domain but also rules to operate effectively with procedural knowledge. The
facts and rules are gathered by asking human experts. This expert knowledge must
be modeled or represented in a way that a computer can process.
The second component of expert systems is concerned with reasoning done by an
inference engine, i.e., a computer program that infers new facts from known facts
using inference rules. Usually, production rules (if <conditions> then <actions>)
are used for the representation of procedural knowledge (Seel, 1991) on which the
inferences are based. An inference engine interprets and evaluates the facts in the
knowledge base in order to provide answers to questions asked by a user. When
production rules are examined by the inference engine actions are executed if the
information supplied by the user satisfies the conditions in a production rule.
The necessary interactions between human users and the computer occur in the
user interface. The purpose of these interactions is twofold. On the one side, they
allow effective operation and control of the expert system from the user’s end, on
the other side the expert system provides feedback information in order to assist the
user’s decision-making (see Figure 3.17). The most popular expert system in the
field of instructional design is Merrill’s ID ExpertTM (Merrill et al., 1990).

Figure 3.17. The main components of expert systems
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Merrill’s ID Expert. The development of this ID expert system is strongly
related to Merrill’s concept of ID2, i.e., instructional design of the 2nd generation
(Merrill et al., 1993), which should compensate the typical deficits of the first
generation, and thus, must contain
•
•
•
•

a knowledge base with all relevant knowledge about instructional design,
a collection of expert systems,
a library of instructional “transactions”, and
an intelligent tutor including a dynamic tool for dialogues.

A particular reason for ID2 is Merrill’s contention that instructional design,
especially for computer-based and multimedia interactive instruction, is too labor
intensive because it usually requires more than 300 hours of development for a single
hour of instruction. An important challenge, therefore, is to reduce the necessary
workload from 300:1 to a rate 30:1 or less. A solution is to provide an AID tool,
which enables, for example, subject matter experts to carry out instructional design
in practice without requiring them to have an extensive training in instructional
design. To meet this requirement, the AID tool, however, must be “intelligent.”
That means, it must include methods of built-in reusable design. Moreover, the tool
must provide guided knowledge acquisition and it should automate much of the
instructional development.
One of the key features of ID2 is the stringent separation of knowledge objects and
instructional transaction.
Knowledge Objects
Knowledge objects are “a precise way to describe the subject matter content
or knowledge to be taught. […] We have defined knowledge objects as a
way to describe the necessary and appropriate components of knowledge that
are required for different kinds of instructional strategies. The components of
knowledge objects include an entity, parts of this entity, properties of this entity,
kinds (classes) of this entity, activities associated with the entity, and processes
associated with the entity” (Merrill, 1998, p. 1).
Transactions are complex instructional algorithms of objective-method interactions
(Merrill, 1991). They represent a dynamic form of interactions between the
participants to the learning process, i.e., the learner and the instructional system. In
ID2, three classes of transactions are distinguished: Component, abstraction, and
association transactions. They can carry out the methods of knowledge selection
and sequencing as well as the management of instruction and its goals.
ID Expert TM structures the knowledge base according to the content to be
taught, the course organization, instructional strategies, and transactions. The basic
architecture of ID Expert TM is depicted in Figure 3.18.
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By referring explicitly to Gagné’s nine events of instruction, Merrill states that
an appropriate instructional strategy must incorporate all of necessary conditions
for presenting the knowledge or demonstrating a skill, providing practice, and
providing learner guidance to reach a learning objective. From his point of view, the
Instructional Transaction Theory (ITT) provides such an appropriate instructional
strategy. Knowledge is represented as data, the components of this knowledge (i.e.,
knowledge objects) are processed (displayed, transformed) by the instructional
algorithms, the so-called transactions (Merrill et al., 1992, 1996).

Figure 3.18. ID ExpertTM basic architecture and the transactions shell

Instructional Transaction Theory (ITT). The ITT is an elaboration of the
Component Display Theory (CDT) developed by Merrill in the 1990s. CDT
classifies learning along two dimensions: Content (facts, concepts, procedures, and
principles) and performance (remember, use, find). A matrix is used to determine
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the performances and contents that will be addressed by the instruction (see
Figure 3.19). Once the instruction is pinpointed to fall into one of these categories,
specific rules and processes are applied to the development of an instructional unit.

Figure 3.19. The performance-content matrix of CDT (adapted from Merrill, 1994)

CDT specifies four primary presentation forms: Rules (= expository presentation of
a generality), examples (= expository presentation of instances), recall (= inquisitorial
generality), and practice (= inquisitorial instance). Secondary presentation forms
include: prerequisites, objectives, helps, mnemonics, and feedback. This theory
refers to the micro-level of instruction providing a method by which content could
be “plugged in” to appropriate strategies aligned with certain content types and
performances.
CDT provides a decided system of prescriptions for designing instructional
courses. Beyond the primary and secondary presentation forms CDT contains
process displays that provide instructions concerning the preparation of learning
tasks, approaches for solutions, feedback and hints for the layout of the contents.
When Merrill began to automate the instructional design process CDT proved
to be not precise enough for the implementation into an expert system. Therefore,
ITT was developed as an attempt to provide more precision to CDT and making
automated instructional design a possibility. Over the years, Merrill and his team
identified 13 classes of instructional transactions (Merrill, Jones, & Li, 1992), such
as identify (e.g., naming facts), execute (performing and activity or procedure), and
interpret (based on principles in CDT).
Identify (component) transaction. The goal of this transaction is that the learner
should be able to identify the name and location of a given part of an entity (e.g.,
an artifact, device, system). The related knowledge objects contain the information
slots (name, description, and portrayal) and slots for location, part-of, and has- parts.
The location slot indicates the location of the portrayal with regard to some referent
knowledge object. The part-of slot contains a pointer to the referent knowledge
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object. The has-parts slots contain pointers to knowledge objects representing each
of the component parts of the referent knowledge object.
The presentation mode for identify transaction prescribes to show the name
and portrayal of the referent knowledge object and of its parts. Additionally, the
identify transaction includes practice mode and learner guidance. Presentation
and practice strategies are controlled by a number of parameters, which can
produce a variety of different presentations or practice combinations. Figure 3.20
illustrates the practice parameters of the identify transaction (Merrill et al., 1998,
p. 254).

Figure 3.20. Screenshot of practice parameters of the Identify transaction

An instructional transaction covers all interactions necessary for a learner to
acquire a particular kind of knowledge or skill. The instructional algorithm – called
an instructional transaction shell (Merrill et al., 1993) – promotes an appropriate
instructional transaction on a set of knowledge objects that are interrelated in a
particular way to create a knowledge structure and contain the necessary knowledge
to reach the instructional goal.
In ITT, the relationships among processes, entities, and activities enable
the construction of learning environments from knowledge objects. This set of
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interrelationships is called a PEAnet (Process, Entity, Activity network) that can be
illustrated as in Figure 3.21.
The learner executes some activity on a controller, which is an entity or part of
some other entity. This action triggers a process. If the conditions of the process
(represented as production rules) are true, then the process changes the value of a
property. This in turn causes a consequence for the process to be indicated to the
learner (Merrill et al., 1993).

Figure 3.21. The PEAnet Architecture in ID ExpertTM (adapted from Merrill, 2003, p. 188)

In ITT, the instructional transactions are organized in a matrix consisting of
functions (e.g., overview, presentation etc.) and types of transactions (e.g., summary,
exposition, conversational tutorial). Instructional decisions result automatically
from the scores assigned to the cells of the matrix due to predetermined instructional
principles on the basis of algorithms. However, the automatized dedication of
an instructional strategy can be easily changed by the instructional designer and
replaced through other predetermined strategies (Merrill et al., 1998).
Whereas ID Expert TM is not available as a commercial system, other researchers
have developed commercial Intelligent Tutoring Systems (ITS). In general,
ITS are educational applications of artificial intelligence and machine learning
technologies. Often ITS are designed to interact directly with students and perform
some instructional functions usually reserved for teachers or instructors. Since their
emergence in the 1980s, ITS have been used to teach students in diverse domains
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such as language, law, mathematics, medicine, physics, and reading comprehension.
However, in this textbook we do not focus on ITS for students but rather on the use
of ITS for instructional design. Such tools are instructional planning shells called
Authoring ITS (Murray, 1999), which aim at supporting instructional designers in
the development of courses, modules, and lessons.
Wouldn’t it be great to have an automated instruction machine at disposal that
could take someone’s expertise and automatically generate a course, module, lesson
or technology-enhanced learning environments?
Authoring Intelligent Tutoring Systems for Instructional Design. Since the advent
of artificial intelligence, numerous commercial authoring systems have been
developed with the aim to provide instructional designers with tools to produce
appealing instructional material, such as multimedia-based training, but often they
lack what Shulman (1986) has called the pedagogical content knowledge. However,
several authoring ITS exist that have been built on the basis of pedagogical expert
knowledge. Murray (1999) has classified authoring tools in accordance with several
categories (see Table 3.8).
Table 3.8. ITS authoring tools by category (Murray, 1999, p. 100)
Category

Example Systems

1

Curriculum and course sequencing
and planning

Docent, IDE, ID Expert, Expert CML

2

Tutoring strategies

Eon, GTE, REDEEM

3

Device simulation and equipment
training

DIAG, RIDES, SIMQUEST, XAIDA

4

Domain expert system

Demonstr8, D3 Trainer, Training Express

5

Multiple knowledge types

CREAM-Tools, DANN, ID Expert, IRIS,
XAIDA

6

Special purpose

IDLE-Tool/IMap, LAT

7

Intelligent/adaptive hypermedia

CALAT, GETMAS, InterBook, MetaLinks

From Murray’s point of view, there are two major classes of authoring ITS:
Pedagogy-oriented systems (categories 1, 2, 5, and 7) focus on how to sequence
and teach relatively prestored contents. For example, authoring systems in category
1 organize instructional units or “curriculum elements” into a hierarchy of courses,
modules, lessons, presentations etc. On the other side, performance-oriented systems
(categories 3, 4, and 6) focus on providing rich learning environments in which
students can learn skills by practicing them and receiving feedback. However, the
authoring tools listed in Table 3.9 exhibit different degrees of completeness and
exertion. There are some tools, which are merely prototypical drafts whereas other
tools are fully developed.
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Table 3.9. Degree of use of ITS authoring tools (Murray, 1999, p. 121)
1. Early prototypes and proofs of concept

D3 Trainer, Demonstr8, DIAG, Expert-CML,
IRIS

2. Evaluated or used prototypes

CREAM-Tools, DNA, Eon, GTE, IDLETool, LAT

3. Moderately evaluated or used

ID-Expert/Training Express, REDEEM,
SIMQUEST, XAIDA

4. Heavily used (relatively)

IDE, CALAT, RIDES

It is not the place here to give justice to each authoring tool listed in
Table 3.9. Most of them are described in Murray, Blessing and Ainsworth
(2003). We now focus on those pedagogy-oriented systems that aim at supporting
instructional design and are relatively often used. Accordingly, we exclude the
performance-oriented tools CALAT and RIDES from the further analysis although
both tools are “heavily used” and fully developed (Kiyama et al., 1997; Munro
et al., 1997). Besides ID Expert TM described above in detail, the authoring tools
IDE and XAIDA deserve our attention.
IDE – the Instructional Design Environment – is a hypermedia system built atop a
relational database management system to assist in analyzing, organizing, designing
and developing instructional materials for use in training (Pirolli & Russell, 1990;
Russell, 1988). IDE provides an infrastructure and a framework for instructional
design as well as tools to support the development of training material. It combines
features of computer-aided systems and knowledge representation workbenches into
one system. Thus, IDE provides a tailorable representation for the substance of a
course, and ways of expressing the rationale for the course design.
The architecture of IDE involves two major components: IDE and IDEInterpreter (see Figure 3.22). The overall knowledge base is represented in form of
a map (i.e., a hierarchical hypertext network). The IDE-Interpreter is the centerpiece
and contains four components: The Instructional Problem Solver creates a plan to
reach the instructional objectives. This plan grounds on rules of proven educational
strategies. The Instructional Unit Selector chooses that instructional unit, which
fits with the current instructional situation. This component applies tactical rules of
instruction and training. The Instructional Unit Applier provides the student with the
instructional unit, and processes the student’s answers that are stored. Finally, the
MOS-Update processes and updates the Model of Student (MOS).
The IDE-Interpreter works with three different knowledge bases: (1) the
knowledge structure, which includes two primary types of nodes, namely knowledge
elements and instructional units, (2) a history list in which the recent student
activities are stored, and (3) a knowledge base, which operates with a Model of
Student in order to fathom the student’s comprehension and to select the next
instructional unit in dependence on the history list.
89

CHAPTER 3

Figure 3.22. The architecture of IDE

As part of the Advanced Instructional Design Advisor (AIDA) project the
Guided Approach to Instructional Design Advising (GAIDA) offered an online, case-based approach to developing instructional design expertise of novices
designers (Muraida & Spector, 1993). Later, this tool has been marketed as the
Guide to Understanding Instructional Design Expertise (GUIDE). However, the
two versions are, for the most part, identical (Spector & Ohradza, 2008). Both tools
are based on Gagné’s nine events of instruction and both tools were developed to
support subject matter experts in the planning, development, and implementation of
instruction. Figure 3.23 provides an impression of the GAIDA/GUIDE environment.
The knowledge base of GUIDE contains two modules: a lesson library or casebase
and a guidance. In the lesson library, the user can peruse an assortment of interactive
courseware examples demonstrating quality instruction for a variety of training
objectives and presentation techniques. In the guidance module, an explanation
of each of the nine events of instruction is provided, as well as demonstrations of
how to incorporate each event effectively to create interactive instructional units. In
addition, GUIDE is equipped with an online note taking feature that allows the user
to record thoughts and ideas while interacting with the software. It is important to
note, however, that GUIDE does not actually author the instruction. The intention
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of GUIDE is to support novices in the development of the instruction through the
introduction of applicable instructional design practices.
Due to this limitation, the Experimental Advanced Instructional Design Advisor
(XAIDA) was developed. This tool is more ambitious than GUIDE and offers
automated instructional strategies in addition to general guidance.

Figure 3.23. A screenshot from GAIDA/GUIDE

The tools IDE, GAIDA/GUIDE, and XAIDA all use expert system technology
to provide educational expertise to novice instructional designers and subject
matter experts in the design, production, and implementation of courseware used
in Air Force training (Spector & Song, 1995; Wenzel et al., 1998). As Spector,
Polson, and Muraida (1993) point out, it was determined early in the AIDA
project that a good way to teach is to take into account the physical characteristics
of a device to be learned, followed by a theory of how the device operates. Then
operational procedures can be learned, completing with troubleshooting methods.
Correspondingly, XAIDA acquires knowledge about a device from a subject
matter expert and then applies particular procedures to generate interactive
maintenance-training units. From here, the “four easy pieces” of XAIDA result
(Hsieh, Halff, & Redfield, 1999): (1) the physical characteristics of a device,
(2) a theory of their operation, (3) operating and maintenance procedures, and
(4) troubleshooting. Altogether, these four pieces make XAIDA suitable for
manufacturing engineering education (Hsieh & Hsieh, 2001). XAIDA relies on
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Merrill’s Instructional Transaction Theory and operates with transaction shells.
That means, XAIDA employs a special transaction shell for each of the “four
pieces” and in turn, each shell employs a particular knowledge structure (see
Table 3.10).
Table 3.10. XAIDA’s Transaction Shells (Hsieh et al., 1999)
Transaction
Shell

Nature of
knowledge

Instructional
Objective

Knowledge
Representation

Instructional
Method

Physical
Characteristics

The structure
of the system,
the location
and other
characteristics
of the system,
its modules and
its components.

Recall of
system
characteristics
in a variety of
situations

Semantic
network based
on the structure
of the system

Structure-directed
presentation
of system
characteristics and
practice in recall
by using diverse
exercise formats.

Theory of
operation

Variables
characterizing
system
behavior,
their possible
values and
their functional
relations

Infer the
values
of some
variables from
knowledge of
the values of
others.

Causal
reasoning
scheme

Presentation of
salient cases
about system
behavior along
with exercises
requiring
inferences about
system behavior.

Procedures

The steps of
a procedure,
characteristics
of the
procedure
and of each
step including
potential
mistakes and
mishaps.

Recall the
steps of a
procedure; the
characteristics
of the
procedure and
of each step,
including
potential
mistakes and
mishaps …

Semantic
network based
on the steps of
the procedure.

Stepwise
presentation of
the procedure;
stepwise practice
of recall;
practice in error
recognition and
recovery; global
recall practice.

Troubleshooting

Successive
partitions of the
system used to
progressively
isolate a fault,
observations used
in the isolation
process

Isolate a fault
by narrowing
its locus to
successive sub
regions of the
system.

Discrimination
net (called a fault
tree) with regions
at its nodes and
observation at its
branches.

Troubleshooting
practice in
which faults are
progressively
added to
the practice
environment in
the order dicta-ted
by the fault tree.
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Semantic networks represent physical characteristics and procedures; causal
reasoning schemes represent the theory of operation, and fault trees represent
troubleshooting. In addtion, each shell provides a browser that is used to present
knowledge to the student and a practice environment that promotes skill acquisition
under the guidance of an intelligent tutoring system. For example, procedure
information is presented as follows (see Figure 3.24).

Figure 3.24. Presentation of procedure information in XAIDA (Hsieh et al., 1999, p. 18)

A complete description of the transactions shells and their browsers with
further illustrative pictures can be found in Hiseh et al. (1999).
Technically, XAIDA is a web-based system that consists of two tutorial programs.
Instructional development is supported by a program called Develop. The purpose
of this tutorial is to represent the relevant declarative and procedural knowledge
about the physical characteristics of a system or device. Develop is a knowledge
acquisition system used by a subject-matter expert who has to specify the knowledge
and skills that are relevant for the subject matter of instruction to be planned. More
specifically, subject-matter experts create descriptions of a device using a “What
You See Is What You Get” procedure that makes XAIDA an efficient tool for the
development of courseware. Practically, the designer has to identify the nodes of
a semantic network as parts, and associated information about part characteristics
93

CHAPTER 3

such as sub-parts, functions, and connections with each part. This output of Develop
creates a knowledge base, which states precisely the structure of the domain-specific
knowledge as well as the materials to be used in interactions with students.
The intended interactions with students are planned with the help of the second
tutorial program called Deliver. This program generates the instructional presentation
and the interface for mediating the interactions between a student and the knowledge
base. Deliver addresses four topics: (1) the representation of subject-matter knowledge,
(2) the instructional materials related to knowledge entities and structures, (3)
instructional procedures, and (4) the knowledge acquisition procedures embodied in
Develop (see for more details and illustrations: Hsieh & Hsieh, 2001; Hsieh et al., 1999).
The main difference between Develop and Deliver lies in the different needs
and functions. Whereas Develop aims at editing a knowledge base and designating
appropriate instructional materials (names, descriptions, resources, etc.), Deliver
provides the user of XAIDA with the transaction shells listed in Table 3.10. All
necessary functions are accommodated in XAIDA by menu selections or selections
from a tool palette.
Here, we can stop the description of XAIDA due to the fact that this tool is not
available anymore. It had a long past but short history (Halff et al., 2003) what is a
little deplorable because XAIDA was one of the few IST authoring tools that have
been extensively evaluated (Hsieh & Hsieh, 2001; Wenzel et al., 1998). In general,
research on the effectiveness of ITS authoring systems was poor. This corresponds
with Reeves (2006) negative statement concerning the quality of published research
in the field of instructional technology at all.
In line with these findings, IDE, GAIDA/GUIDE, and XAIDA seem to be not used
anymore in the field of instructional design. Nevertheless, the few investigations on
the use of AID tools indicate differences in how experts and novice instructional
designers. For example, Uduma and Morrison (2007) could observe that expert
designers used the authoring tool greatly as a word processor with a rich database
of instructional strategies, whereas novice designers relied on the tool for advice,
guidance, and assistance in completing all the design tasks. Naive non-designers
used the tool basically for learning about instructional design. In this study, novice
designers were likely to gain more benefit from using the tool than a naive nondesigners or expert designers. Based on this study, Uduma and Morrison assume
that the iterative use of an authoring tool will result in diminishing the differences
between novice and expert instructional designers. It seems also clear that naive
non-designers should be trained on instructional design issues prior to working with
automated instructional design tools.
Finally, we address Scandura’s contribution to the field. In the 1970s, Scandura
developed the Structural Learning Theory (Scandura, 1973, 1977, 2001) aiming
and the integration of subject matter education, instructional design, psychology
on learning, software engineering, and artificial intelligence into one coherent
system. Scandura’s Theory includes (a) a systematic method for specifying the
knowledge needed for success in any given content domain – with arbitrary degrees
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of precision, (b) several diagnostic technologies that pinpoint individual knowledge,
(c) a deterministic account of how students learn, especially how higher order
knowledge is used to acquire new knowledge, and (d) intelligent tutoring logic
that dynamically determines what individual students do and do not know and what
they need to achieve mastery. Basically, the Structural Learning Theory contains
three main components (see Figure 3.25).

Figure 3.25. Main components of Scandura’s Structural Learning Theory (SLT)

According to SLT, the content must be analyzed with regard to its structure.
From here, rules can be derived. The essential steps of the structural content
analysis are: (1) Select a representative sample of problems, (2) identify a solution
rule for each problem, (3) convert each solution rule into a higher order problem
whose solutions is that rule, (4) identify a higher order solution rule for solving
the new problems, (5) eliminate redundant solution rules from the rule set, and
(6) notice that steps 3 and 4 are essentially the same as steps 1 and 2, and continue
the process iteratively with each newly identified set of solution rules. In addition,
Scandura assumes that each concept, idea or thing can be defined only by means of
components, categories, and operations.
In the mid of the 1990s, Scandura began to transfer the SLT onto the generation
of Intelligent Tutoring Systems. Although the components of Scandura’s look alike
the components of conventional ITS, he views the diagnosis component of his ITS
as unique. Its function is to compare the current state of learner’s knowledge with the
desired objectives or the expert knowledge. The most prevailing ITS consists of the
authoring tool AuthorIT and the delivery tool TutorIT (www.scandura.com).
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Both tools support the development and delivery of well-defined knowledge
(such as elementary mathematics). AuthorIT includes AutoBuilder, a tool for
systematically representing knowledge as an SLT rule, including both a procedural
Abstract Syntax Tree (AST) and an AST data structure on which it operates. TutorIT
is implemented as a dialog in AuthorIT and can be used by instructional designers
to define alternative strategies and methods of learning. TutorIT works like Adobe
reader and automatically sequences demonstration, diagnosis and/or instruction,
generation problems/tasks and/or solutions, evaluating learner responses and
providing highly targeted feedback and instruction.
In 2005, Scandura believed in a breakthrough in authoring ITS, especially
AuthorIT and TutorIT, but obviously he misinterpreted the situation because from
today’s view the idea of automated instruction design can be considered as an
aberration. Sure enough there are several reasons for the failure of ITS authoring
systems. One reason is the limited scope of authoring tools, such as IDE or
XAIDA and especially Scandura’s tools, which have been applied only on simple
mathematical problems (www.TutorITmath.com). However, the central point of the
failure of the instructional-design authoring tools is substantiated in the claim to
reduce time and costs for developing instructional systems. For example, Merrill’s
goal was to reduce the necessary workload for instructional development from a
rate 300:1 to a 30:1 or less, and Scandura (2005, 2011) has estimated cost savings
of authoring tools in comparison with traditional procedures of instructional
development at between 40 and 60%. In contrast, Foshay and Preese (2006) report
that in their analysis the benefit of authoring tools is likely to be closer to 10%.
Thus, these authors do not believe in the necessity of authoring systems from a
commercial perspective (see also Foshay & Preese, 2005).
Summary
Approaches of automated instructional design (AID) constitute the “second
generation” of ID models. The central purpose of AID tools is to help and guide the
production of courseware. They are addressed mainly to subject-matter experts
or other persons with insufficient expertise in instructional design, who are
responsible for developing instructional systems. A basic distinction can be made
between expert systems and authoring tools.
Expert systems are knowledge-based computer programs, which provide
domain-specific knowledge about instructional design to the user. The most
popular expert system in the field of instructional design is Merrill’s ID ExpertTM,
which enables, for example, subject matter experts to design instructional events
without requiring them to have an extensive training in instructional design. ID
ExpertTM is based on the Instructional Transaction Theory, which incorporates
all necessary conditions for presenting the knowledge or demonstrating a skill,
providing practice, and providing learner guidance to reach a learning objective.
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Besides ID ExpertTM several authoring systems, such as IDE and XAIDA/
GUIDE, have been developed that focus on how to sequence and teach contents.
XAIDA relies on Merrill’s Instructional Transaction Theory. Although XAIDA
was one of the few ITS authoring tools that have been extensively evaluated it
is not available anymore.
Based on Structural Learning Theory Scandura developed Intelligent Tutoring
Systems. The most prevailing ITS consists of the authoring tool AuthorIT and
the delivery tool TutorIT. However, Scandura’s approach can be considered as
an outlier of AID tools.
Adjunct questions
Q 3.15: What are the main components of ID ExpertTM?
Q 3.16: Describe shortly the components of the Instructional Transaction Theory.
Q 3.17: Which transactions shells are included in XAIDA?
Q 3.18:	What is the “What You See Is What You Get” procedure? Explain it by
reference to XAIDA.
Electronic Performance Support Systems and Learning Management Systems
In contrast to ITS authoring systems, which aim at controlling the process of
instructional development, advisory systems assist the user in accomplishing design
tasks without constraints. Beyond a prototype developed by Duchastel (1990), there
are two major classes of advisory systems: Electronic performance support systems
and learning management systems.
Electronic performance support systems (EPSS) are self-instructional computerbased environments that provide access to “software, guidance, advice, data,
tools, and assessment with minimum support and intervention by others”
(Milheim, 1997, p. 103).
Learning management systems (LMS) are software applications that serve
among other things the delivery of instructional contents, the administration
of teaching and learning, as well as the communication between students and
instructors. Accordingly, LMS Systems are especially applied for online or
blended/hybrid courses over the internet.
Electronic performance support systems (EPSS). EPSS emerged in the 1990s
and attracted the field of instructional design and development (Barker & Banerji,
1995; Witt & Wager, 1994). Shortly said, an electronic performance support system
provides the user with information, guidance and learning experiences. An EPSS
regularly consists of four components: (1) an advisory component, (2) an information
component, (3) a training component, and (4) a user interface.
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In the past, different EPSS have been developed in order to support design tasks,
enabling design processes to achieve more innovative solutions by offering more
time to creativity. However, the quantity and variety of available tools bring a high
level of complexity and their articulation becomes an important need to be tackled.
We will exemplify this with reference to two EPSS: Designer’s Edge™ and L’Atelier
de Genie Didactique (AGD), a computerized support system for designers of virtual
learning centers.
Designer’s Edge™. This commercial EPSS has been developed by Allen
Communication. It aims at support in the development of interactive training.
Designer’s Edge™ is a task driven application that guides the user through the
entire process of instructional design with the emphasis on the analysis, design,
and evaluation of technology-based training. The primary interface of Designer’s
Edge™ is based on a conceptual ID model similar to those we have described above.
The steps of instructional design are embedded and permit an easy navigation and
ease of use when working with the Edge (see Figure 3.26).

Figure 3.26. Designer’s Edge™ main interface with built-in ID model

Designer’s Edge™ addresses two target groups of users. The first group may
consist of experienced instructional designers who are familiar with the process
of creating instructional systems. According to Chapman (1995), Designer’s
Edge™ can accelerate the work of instructional design experts by providing
design consistency in organizing data, writing reports, storyboarding, media preproduction etc. The other target group may consist of subject-matter experts and
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human resource personnel, who find themselves as non-experienced designers
because of their subject-matter expertise. From Chapman’s (1994) view, subjectmatter experts can be effective instructional designers when they are involved in
the early stages of development, making decisions about content, objectives, and
presentation sequencing.
The developers of Designer’s Edge™ considered three criteria as essential to
improve the success of instructional design software: (1) the overall instructional
design process must be visual and take advantage of current graphic user interface
standards; (2) the application of the EPSS must accelerate the instructional
development process, making it easier, faster and cheaper; (3) the application must
provide guidance for individuals who have not been trained in instructional design.
Figure 3.27 illustrates how Designer’s Edge™ supports the user to manage the
specifications of objectives, content, instructional strategies. The course map serves
as an “advanced organizer” of the course design and helps users visualize the design
process. All design elements are object oriented, making it easy for users to move
sections of the map (Chapman, 1994).

Figure 3.27. Course map organizer of Designer’s Edge™

A central goal of Designer’s Edge™ consists in systematizing and accelerating
instructional design. Therefore, Designer’s Edge™ includes provisions for revisiting
data at critical points of development. For example, when drafting the storyboard
designers have instant access to lesson objectives, content, treatment and strategy
information, as well as access to information about media elements used.
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We don’t know how successful Designer’s Edge™ is on the market and we don’t
know any result of a systematical evaluation of its effectiveness. However, from
the perspective of instructional design, it is noteworthy that Designer’s Edge™
corresponds with traditional ID models what makes it easy for instructional design
experts to work with (Chapman, 2008). Another feature is that this EPSS does
not correspond with a “lone ranger” approach but rather facilitates collaborative,
project-based course development.
Similarly, L’Atelier de Genie Didactique (AGD) of the Télé-université in
Montreal places emphasis on the collaboration of “actors” as a major characteristic
of instructional design for online learning and distance education. Paquette, the
originator of AGD, puts the concept of learning environment at the core of a Virtual
Learning Center (VLC) in which different actors are embedded by playing a variety
of roles and relying on a variety of resources, documents, communication, and
production tools (Paquette, 2002).
At the center of AGD, an ICT platform is placed, and thus, automated instructional
design comes into play. Paquette and colleagues operate with the Explor@
implementation of a VLC (Girard et al., 1999); this EPSS is a web-based system
that helps designers build a learning environment for tele learning. In Figure 3.28, a
course website and resources in an actor’s environment are illustrated.

Figure 3.28. A course website and the resources in an actor’s
environment (Paquette, 2002, p. 258)
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The Design Methodology in AGD
To cope effectively with the decisions connected with the design and development
of courses for distance learning presupposes an instructional-design methodology
that takes in account the entire scope of tele-learning. Paquette also uses the term
“instructional engineering” to name this methodology, which is based on five
principles.
1.	Instructional engineering succeeds along the information system approach and
operates with authoring tools to support the design of tele-learning systems.
2.	
It emphasizes a knowledge-based design. Accordingly, the instructional
design methodology must focus on knowledge elicitation, processing and
communication as well as on the use of knowledge modeling methods and
tools.
3.	
Tele-learning systems are multi-agent systems; therefore, instructional
engineering must define the actors and their functions and roles in the VLC.
4.	The instructional design methodology has to take into accoung that tele-learning
uses plurimedia material. Instructional engineering shifts the attention from
multimedia design to the integration of plurimedia materials into the entire
learning system and consider reusability of learning materials as essential.
5.	The instructional design methodology aims at project-based learning and
problem solving in order to promote the acquisition of higher skills and
competencies.
The AGD approach describes the development of a collaborative design
environment, called Virtual Learning Center (VLC), supported by the use of authoring
tools for the design of tele-learning systems. The proposed model is based on the
integration of commercial hardware into a single platform. It is meant to support
product design meetings of collocated actors in a Virtual Learning Center as a work
station where different actors can interact with design concepts in a synchronous
way. Thereby key aspects such as functionality, aesthetics, and ergonomics are
considered. Basically, AGD provides procedural instructional design information
to guide users in developing tele-learning systems (e.g., analyzing training needs,
designing pedagogical structures). However, its use is limited.
By comparison, Designer’s Edge™ provides several tools to support the phases
of instructional design, but in contrast to AGD it contains a much more general
advisory component (e.g., context-specific online help, wizards, and tutorials). That
makes Designer’s Edge™ much easier to novice designers.
Learning and Content Managament Systems. In the following section we focus on
Content Management Systems and Learning Management Systems that are suitable
especially for the field of higher education when comprehensive, interactive OnlineLearning-Environments are needed. The main purpose of a Learning Managament
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System (LMS) consists of delivering online courses to students and supporting their
learning progress but a LMS is not suitable to create course contents.
This can be done with the help of Content Management Systems (CMS) that
provide a multi-user platform to support instructional designers and subject matter
experts in the development, management, and delivery of contents by e-learning
scenarios that are provided by a LMS. Usually, the contents can be presented in
various formats, such as text, picture, video, audio, animations, simulations etc.
The crucial advantage of working with CMS is twofold: (a) the users do not need
programming skills, (b) they can repeatedly use the created contents and thus reduce
development efforts. See Table 3.11 for a selection of open-source CMS.
Table 3.11. Open-source content management systems
Label

Platform

Data
base

URL

Aqua CMS

Webserver & PHP

MySQL

http://www.aquacms.net/

b2evolution

Webserver & PHP

MySQL

http://b2evolution.net/

Cyclone3

Webserver & Perl, C, Java

MySQL

http://www.cyclone3.org/

Joomla!

Webserver & PHP

MySQL

http://joomla.org/

PHP-Nuke

Webserver & PHP

MySQL

http://www.phpnuke.org/

TYPO3

Webserver & PHP

MySQL

http://www.typo3.com/

Wordpress

Webserver & PHP

MySQL

http://wordpress.org/

In Learning Management Systems (LMS) contents and information are administrated
and managed in a data base organized by instructors and teachers. Occasionally, LMS
are also called “learning platforms”. The main functions of LMS are
• the management of actors’ profiles (authors, designers students, instructors),
• the administration of course data (contents, deadlines) and users (registration),
• the allocation of authoring tools to support the development of courses, contents,
learning tasks, and feedback,
• the application of synchronous and asynchronous communication tools (chat
room, forum, messages etc.), and
• the application of tools for assessment and evaluation.
Some LMS provide additional functions, such as interfaces for data exchange (e.g.,
SCORM: Shareable Content Object Reference Model), Weblog-functions, survey,
Wikis, workshops, IMS Content Packaging etc. Additionally, the collaboration
between instructors and students can be supported through suitable tools.
Due to the fact that LMS permit the administration of student data numerous
universities show a tendency to invest a lot of money for the development
and implementations of their own LMS. In view of the multitude of LMS,
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we focus on the two popular systems: Blackboard and Moodle. Blackboard
(http://www.blackboard.com/) is a commercial LMS widely used in North-America,
whereas Moodle (http://www.moolde.org/) is an open-source system. It is used
in many countries and available with many different languages. Moodle uses a
Webserver and PHP as platform, the data base management occurs via MySQL.
Table 3.12 gives an overview on the modules and resources of Moodle.
Table 3.12. Modules and resources of Moodle (Williams, 2005)
Task

Function

Assignment

The instructor can provide written feedback or a grade to the student on his
or her online submission.

Chat

The module allows a real-time synchronous discussion.

Choice

A question by the instructor with a choice of multiple responses.

Files

Uploaded files for download (e.g. text documents, spreadsheets, slides,
sound, graphic or video).

Forum

The module allows asynchronous discussions among students and the
instructor.

Glossary

Creating and maintaining a list of definitions.

Journal

The module enables students to reflect on a particular topic. The entries can
be edited and refined over time.

Label

The module enables the instructor to add text or instructions to the content
area of the course.

Lesson

Content is delivered in an interesting and flexible way, including grading
and questions.

Quiz

The module allows the instructor to design a set of quiz tests.

Scorm

Uploaded and implemented SCORM packages as part of the course.

Survey

Standard surveys to gather data from students (e.g. ATTLS, Critical
incidents, COLLES).

Wiki

Authoring documents collectively in a simple markup language.

Workshop

Students are enabled to assess each other’s projects in a number of ways.

LMS contain a set of authoring tools, which support the design and development
of online-courses in educational institutions, such as schools and colleges. Usually the
provided drag’n’drop tools do not require skills of computer programing. The generation
of instructional units, learning tasks or glossaries etc. occur via point-and-click, and
substantial adjustments are possible with regard to particular objects. Additional tools,
such as WYSIWYG editorials (What you see is what you get), facilitate the generation
of HTML files without proficiency. Easily, graphics and illustrations can be added
and adjusted to particular learning units. However, a higher-grade course development
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within a LMS requires a comprehensive analysis of, for example, the target group or
the objectives, beforehand (as proposed in various ID models). Based on the results
of the analysis different modules of a LMS can be applied. Actually, authoring tools
enable the user to integrate pictures, movies, animations, simulations, and interactive
applications that result in multimedia learning environments.
Conventionally, the instructional design (e.g., in accordance with ADDIE) of
e-learning courses requires expertise of participating actors, such instructional design
experts, subject-matter experts, authors, programmers etc. Authoring tools within
the realm of LMS claim the generation of learning environments without the need of
programming skills. The authoring system is merely an application software, which
can be used to create online-courses without programming efforts. In consequence,
authoring tools can be distinguished according to their concepts of software
development: (1) frame-based development, (2) time-line based development, and
(3) flowchart-based development.
Toolbook example
The development of an online course with the help of a frame-based authoring
tool is carried out by editing single frames on the screen. Texts, graphics,
videos, as well as interactive objects (buttons, input boxes) can be added
via drag’n’drop. An established frame-based authoring system is ToolBook
(http://tb.sumtotalsystems.com/index.html).
The Agent Animation Test Bench not only allows you to create basic animation
sequences for one agent character, but allows to add additional elements, such
as speech tags, two-character animation sequences, turning on and off the text
balloon, inserting bookmarks (for coordinating ToolBook events), and showing
the Advanced Character Options Window (see Figure 3.29).
In timeline-based authoring systems the development occurs in accordance
with the chronology of a course. That means, information and interactions are
assigned time-related to the entire project. Jump labels and hyperlinks permit a
navigation along the timeline.
The authoring system Director (http://www.adobe.com/products/director.html) is
a typical timeline-based authoring system. In Figure 3.30, a screenshot illustrates the
timeline-based development of computer-supported learning environments of the tool.
Flowchart-based authoring systems use different elements, which are ordered in a
flow chart. These elements (e.g., decisions, navigation, content, tasks) are represented
via icons. Particular information (texts, graphics, videos) can be assigned to the
icons. Authorware (http://www.adobe.com/products/authorware/) is probably the
best-known flowchart-based authoring system. Figure 3.31 depicts Authorware’s
flowchart-based interface for the development of learning environments.
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Figure 3.29. The agent animation assembly of toolbook

Figure 3.30. Example of a screenshot from Adobe Director
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Figure 3.31. Screenshot of the Authorware interface

Learning Management Systems combined with Content Management Systems
provide users with a multitude of tools to create online courses. They are easily
manageable, and thus, have found a wide distribution in schools, colleges, and
universities to create online courses. However, they presuppose a substantial
understanding of instructional design and the corresponding phases and steps
of educational planning. Otherwise, intuitive planning occurs and increases the
probability of mistakes and mishaps. Therefore, if there is a lack of instructional
design expertise, for example in the field of higher education, we recommend that
users of a LMS should combine it with Designer’s EdgeTM in order to incorporate
the necessary pedagogical content knowledge.
Summary
Advisory systems, such as Electronic performance support systems and learning
management systems, assist the user in accomplishing design tasks without
constraints. Two popular EPSS are the commercial Designer’s Edge™ and the
non-commercial L’Atelier de Genie Didactique (AGD), a computerized support
system for designers of virtual learning centers.Designer’s Edge™ is based on
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a conventional ID model and permits an easy navigation and use. It addresses
two target groups of users: Experienced instructional designers, who are very
familiar with the process of creating instructional systems, as well as subjectmatter experts, who are supported in the early stages of development, making
decisions about content, objectives, and presentation sequencing.
L’Atelier de Genie Didactique (AGD) cope effectively with the decisions
connected with the design and development of courses for distance learning
presupposes an instructional design methodology that takes in account the
entire scope of tele-learning. Its application is, however, more demanding than
Designer’s Edge™.
Similar to AGD, Content Management Systems and Learning Management
Systems are suitable especially for the field of higher education when
comprehensive, Online-Learning-Environments must be designed. Learning
Management Systems contain a lot of authoring tools, which support the design
and development of courseware. Usually the provided drag’n’drop tools do not
require skills of computer programing. Learning Management Systems combined
with Content Management Systems provide users with a multitude of tools
to create online courses. They are easily manageable, and thus, have found a
wide distribution in schools, colleges, and universities to create online courses.
Popular LMS are Blackboard and Moodle.
Adjunct questions
Q 3.19: 	Describe the strengths and weaknesses of ID advisory systems, such as
Designer’s EdgeTM and AGD.
Q 3.20:	Why are Learning Management Systems, such as Blackboard or Moodle,
particularly relevant for higher education?
Q 3.21:	
Which tools are included in Moodle? Compare them with Designer’s
EdgeTM.
Q 3.22: Do you have an idea how Moodle could be used at your university.
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RESEARCH-BASED INSTRUCTIONAL DESIGN

INTRODUCTION

From the very beginning, instructional design has been strongly influenced by
information technology so that the label instructional technology sometimes became
a synonym. Connected with the rapid development of new technologies (computer,
Internet, personal digit assistants: PDA), the enthusiasm of many educators increased
and resulted in the development of technology-enhanced learning environments
(Tele). Emerging technologies and the paradigm shift called “cognitive revolution”
challenged the ID models of first and second generation and the related develoment
and research in its largely sequential manner (Wang & Hannafin, 2005).
Instructional design models mostly have been created on the round table of
theorists, and in consequence, lack a systematic evaluation of their suitability for
daily use. Hence, the quality of published research in the field of instructional design
has been criticized in general as poor (Reeves, 1997; Stokes, 1997). This has changed
recently as constructivist approaches of instructional design popped up because they
indicated a strong motivation for empirical research on the effectiveness of designed
learning environments. Among these research-based approaches, the design-based
research paradigm demonstrated considerable potential to advance design, research,
and practice in the field of instructional design (cf. Seel, 2008). Initially originated
by Brown (1992) and Collins (1992) as design experiments, this type of instructional
research postulates a synergy of development and research that may bridge the gap
between theory and practice. Especially Brown (1992) propagated the vision of a
dynamic relationship between the classroom and educational research. Instructional
researchers should organize and manage their investigation in collaboration with
the participants in practice, whereby the design and implementation of instructional
events run through a procedure of iterative evaluation and refinement of initial designs
in order to advance both theory and practice. Ideally, design experiments demand the
active involvement of researchers in learning and teaching procedures aiming at the
incorporation of “scientific processes of discovery, exploration, confirmation, and
dissemination” in educational practice (Kelly, 2003, p. 3). From our point of view,
the design experiment, as drafted by Brown (1992), can be considered a suitable
heuristics for research-based instructional design (see also Wang & Hannafin, 2005).
HEURISTICS OF RESEARCH-BASED INSTRUCTIONAL DESIGN

Design experiments are based on learning theories, and thus, contribute to
their consolidation. Beyond this primary goal, design experiments aim at the
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improvement of educational practice. Accordingly, design experiments can be
conceived as a kind of intervention research aiming at a sustainable improvement
of education in practice by using the service of information and communication
technology. Thus, feasibility and dissemination of instruction is a crucial component
of design experiments. A good example of a successful dissemination is featured by
the “Jasper Woodbury” project and the follow-up project STAR-Legacy that both
have been widely used in schools during the 1990s (Pellegrino & Brophy, 2008).
Clearly, the instructional intervention takes center in a design experiment. Brown
refers this intervention to engineering a working environment that corresponds with
designing a learning environment. The relationship between learning theory, design
of a working environment and dissemination in fields of educational practice can be
depicted as follows (see Figure 4.1).

Figure 4.1. The basic constituents of a design experiment

Engineering a working (or learning) environment does not occur without
presuppositions and results. Therefore, Brown has incorporated more constituents
and variables into the design experiment.
The Architecture of Design Experiments
In addition to the components depicted in Figure 4.1, Brown (1992) has distinguished
between input and output variables. Related to classroom teaching, she distinguishes
classroom ethos, teacher and student as researcher, curriculum, technology etc. as
input variables. This makes clear that Brown has drawn the idea of design experiments
primarily with regard to research in the classroom. The emphasis on classroom ethos
(i.e., the social-emotional climate in a classroom) and the curriculum constitute the
classroom-orientation of design experiments. However, it is our contention that the
concept of design experiment can be transformed to every field in education. Beyond
the curriculum, which determines the contents to be learned, notably the learner
characteristics must be taken into account as an important input variable. Among
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others, previous knowledge, learning styles, literacy, motivation to learn etc. must
be carefully assessed in order to adjust the working/learning environment to the
learners’ needs. The assessment within a design experiment must be smart, that is,
specific, measurable, accepted by the participants, realistic and timely (Doran, 1981)
so as to obtain the necessary knowledge about the learners’ particular dispositions.
Interestingly, Brown emphasizes information technology as an important input
variable. This relates the design experiment to the concept of Teles. Finally, the role
of the teacher and student has been redefined. Both are no longer mere recipients
of experimental treatments but rather active participants and agents in the sense of
action research.
Action Research
It was Lewin (1946), who coined the term action research in the 1940s when he
described this strategy as “a spiral of steps, each of which is composed of a circle
of planning, action and fact-finding about the result of the action” (p. 38). Basically,
action research refers to a reflective process of progressive problem solving
conducted by individuals working with others in teams or as part of a “community
of practice” to improve the way they address issues and solve problems. Its practice
can best be characterized as research for social management or social engineering.
However, according to McTaggart (1996), it is a mistake to think that following the
action research spiral constitutes doing “action research” because action research
is primarily a commitment to expound the problems of conducting social inquiry.
In accordance with Lewin’s (1946) original conception of action research, Brown
contrasts this form of interpretative practice in the real classroom and traditional
experimental research. The notion of a spiral may be a useful teaching device – but
it is all too easy to slip into using it as the template for doing research in practice
(McTaggart, 1996, p. 249).
Concerning output variables, Brown (1992) refers to the “measurement of
right things” and “accountability” in the face of learners, teachers, and clients. To
measure the right things implies focusing on problem solving, critical thinking and
reflective learning. Maybe this claim appears a little strange because most educators
seem to agree on the central importance of problem solving and critical thinking as
learning objectives. However, an analysis of studies on the effectiveness of Teles
indicates a strong tendency to measure simply the attitudes of students according
to a technology-acceptance model and to focus on the students’ satisfaction with
multimedia-based instruction. This can be illustrated by reference to the studies
on “Jasper Woodbury” (CTGV, 1997; Pellegrino, 2004) and goal-based scenarios
(Schank, 1993/94).
Learning initiated by information and communication technology actually is
connected with reflective and explorative thinking. These skills place great cognitive
and metacognitive demands on students, who must generate hypotheses and test
them by accomplishing learning tasks. However, when we consider research studies
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in the field of online learning we often find extremely weak assessments lacking
the criteria of reliability and validity. Indeed, we can currently find an abundance of
studies in the fields of instructional science and multimedia learning that work with
qualitative methodologies or simple questionnaires for assessing attitudes. In many
cases, informal tests and assessment procedures are applied without any control
of reliability and validity. In consequence, most published instructional research
findings are simply false or insufficient as Ioannidis (2005) has pointed out.
Although “measuring the right things” may be a complicated task, it is a necessity to
invest time and effort in the development and validation of appropriate instruments
for the assessment of learning outcomes because the quality of measurement and
assessment determines the quality of research and its contribution to theory and
practice (Pellegrino, Chudowsky, & Glaser, 2001). Instructional research on mental
models indicates that it is possible to assess mental models and their learningdependent progression in a theoretically and methodologically sound manner
– either by means of causal diagrams (Al-Diban, 2008; Seel et al., 2000) or by
evidence-based approaches such as “flexible belief networks” (Shute & ZapataRivera, 2008) or the “SMD technology”, which stands for Surface, Matching, and
Deep-Structure of mental models in consideration of an expert model (Ifenthaler,
2006, 2008).
Altogether, the major constituents of a design experiment can be depicted
as in Figure 4.2. Despite the component “contribution to a learning theory”, the
constituents of design experiments correspond with the ADDIE framework.

Figure 4.2. The main constituents of design experiments in relation to ADDIE
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From our perspective the most important question concerning the design
experiment is: Which learning theory or theories can be used as origin for engineering
a working or learning environment?
It is not easy to answer this question because until today, there is not any
consistent standard theory of learning that could be used as a base of design
operations. Rather there are different theories of learning that comply with different
components and structures of a working/learning environment. For example, the
learning environment of “Jasper’s adventures” (Cognition and Technology Group
of Vanderbilt, CTGV, 1997) is based on some important principles on “how
people learn” that have been transformed to principles of “anchored instruction”
(Pellegrino, 2004; Pellegrino & Brophy, 2008). The “goal-based scenarios” of
Schank (1993/94) and their instructional design are based on script theory and
case-based reasoning. A third comprehensive approach is geared to the continuous
development and revision of (mental) models, and thus, is called “model-based
learning and instruction” (Seel, 2004). Related instructional approaches, which
refer to cognitive theories of model-based learning, have also been developed by
other research camps (e.g., Lesh & Doerr, 2003; Penner, 2001). Closely related is
also the learning-by-design approach of Kolodner and others (Kafai & Ching, 2004;
Kolodner et al., 2004). Based on these considerations, Pirnay-Dummer (2008) has
distinguished between three cases of the theory-design relation as applied in design
experiments: (1) the “enclosed design,” where a design is completely described
in all aspects by a theory, (2) the “enclosed theory,” where the theory creates
assumptions strictly within the design, i.e., there are no components which are not
contained in the application, and (3) the “intersection of theory and design”, where
designs and applications are described only to some extent by a theory. PirnayDummer argues that in traditional research on learning and instruction the third
case is most common, whereas the typical design-based research may follow the
second case. Wang and Hannafin (2005) have summarized the characteristics of
this kind of research as shown in Table 4.1.
Brown’s conception of design experiments was implemented within the project
Fostering a Community of Learners (FCL), aiming at discovery and exploratory
learning (Brown & Campione, 1994). In this project, the “working environment”
was designed in a manner that the students could work in small groups on selected
problems. The focus was on contents from biology and ecology. Considering the
students as researchers, a so-called research cycle started with an assemblage of
learning activities on presented materials in order to create a shared knowledge
base. Then the students were partitioned into different research groups focussing
in particular problems. The job of teachers was to orchestrate the group activities
and support them with hints. The students’ research activities were based on the
method of reciprocal teaching including a guided authoring of texts, consultations
of subject-matter experts outside the classroom, and assistance of tutors. At the end
of the research cycle, the results of the groups’ work were presented.
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Table 4.1. Characteristics of design-based research (Wang & Hannafin, 2005, p. 8)
Characteristics

Explanations

Pragmatic

Design-based research refines both theory and practice.
The value of theory is appraised by the extent to which principles
inform and improve practice.

Grounded

Design is theory-driven and grounded in relevant research, theory and
practice.
Design is conducted in real-world settings and the design process is
embedded in and studied through design-based research.

Interactive,
iterative,
and flexible

Designers are involved in the design processes and work together with
participants.
Processes are iterative cycles of analysis, design, implementation, and
redesign.
Initial plan is usually insufficiently detailed so that designers can
make deliberate changes when necessary.

Integrative

Mixed research methods are used to maximize the credibility of
ongoing research.
Methods vary during different phases as new needs and issues emerge
and the focus of the research evolves.
Rigor is purposefully maintained and discipline applied appropriate to
the development phase.

Contextual

The research process, research findings, and changes from the initial
plan are documented.
Research results are connected with the design process and the
setting.
The content and depth of generated design principles varies.
Guidance for applying generated principles is needed.

Other realizations of design experiments (e.g., Collins, Joseph, & Bielaczyc,
2004) make clear that they correspond with an educational conception of guideddiscovery learning. The word “experiment” refers rather to concrete experimentations
of learners than to a methodology of research.
Engineering Working/Learning Environments
In this chapter, we describe an example for the “engineering” of learning environments
in accordance with the “philosophy” of design experiments. The example is rooted in
the DRU collaborative research project “Understanding mental models of expertise
in construction management using interactive adaptive simulations” (NSF-Award
No SES-0624110: Seel, 2009). It realizes central assumptions of model-oriented
learning and instruction (moli) and grounds on Seel’s (1991) theory of mental
models. Furthermore, it also grounds on basic assumptions of constructionism. The
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concepts of understanding-in-action and design experiment have been adopted by
Abrahamson and Wilensky (2007) to create a design-for-learning activity framework
(see Figure 4.4).
Constructionism
Constructionism refers to the epistemological view on the world as being
internally created through artifacts called internal (or mental) models
(cf. Berger & Luckmann, 1966, 1991). Papert and Harel (1991) argue that
people learn through interacting with artifacts. That means they create an
understanding of the world by generating artifacts, experimenting with them
to see how they work, and modifying them to work better. The learningdependent construction of knowledge occurs by constructing mental models
and shared understanding among people. Thus, artifacts and understanding
are two dimensions of human knowledge, which develops when artifacts
and understanding co-evolve. Ostwald (1996) has depicted this process as
a spiral model of knowledge construction (see Figure 4.3). Constructionist
learning occurs as co-evolution of artifacts and understanding. It also implies
that learners draw their own conclusions through creative experimentation
and communication. Teaching “at” students is replaced by assisting them to
understand and help one another to understand. Instruction aims at coaching
students to attaining their own goals.
Ostwald’s model of knowledge construction corresponds not only to the
theory of mental models (Johnson-Laird, 1983; Seel, 1991), but also to the idea
of understanding-in-action that is a hallmark of constructivist pedagogy. It also
corresponds to Gibson’s (1977) interactionist construct “affordance” according
to which learners focus on information available in the environment in order to
accomplish learning tasks (Greeno, 1994).

Figure 4.3. A model of knowledge construction (Ostwald, 1996)
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Figure 4.4. Design-for-learning activity framework
(adapted from Abrahamson & Wilensky, 2007, p. 24)

Corresponding with Brown’s (1992) argumentation, a theory of design enfolded
within a theory of learning is applied to contents of a domain analysis. The learning
theory guides the iterative design and development of learning tools aiming at
experimentations in order to understand artifacts. Enclosed in the framework is a
sequence of empirical studies with participant students. Thus, data can be gathered
and analzyed with regard to learning issues, which are fed in design activities.
Although Abrahamson and Wilensky (2007) do not refer to the theory of
mental models, their idea of learning as reconciliation corresponds, to some
extent, with model-based learning. Actually, learning as reconciliation occurs as
constructions when learners attempt to reconcile two competing interpretations
of a phenomenon in the context of some designed activity. Interestingly,
Abrahamson and Wilensky refer to Whewell, an author who argued in 1837 that
learning is the process of an individual student grounding formalisms by intuition
fostered through discourse. In accordance with Papert’s (1996) constructionist
conception of mathematics education, Abrahamson and Wilensky (2007) have
specified some principles for creating a design-for-learning framework in the area
of mathematics education.
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Criteria for creating a design-for-learning research framework
In accordance with constructionist pedagogy, learning environments need
to satisfy a set of criteria. For example, in mathematics education a learning
environment should
1.	capitalize on students’ proto-mathematical intuitions pertaining to the
target concept;
2.	
elicit students’ holistic strategies, heuristics, perceptual judgments,
experiential acumen, vocabulary, and previous mathematical
understandings pertaining to a class of situated problems that exemplify
the target concept (the phenomena under inquiry);
3.	provide materials and activities that enable students to concretize and
reflect on isolated elements of their intuitive strategy through attention
to properties of the materials and actions with these materials;
4.	
challenge students’ strategy by presenting situations in which the
isolated elements of the strategy appear to be incompatible (even though
they are in fact complementary – students initially do not have the
conceptual structures for explaining the apparent incompatibility and,
therefore, take it to imply error, despite a lingering unarticulated sense
that their initial intuitions are in fact correct);
5.	
enable students to recognize the complementarity of the isolated
strategy elements and articulate this insight qualitatively in the form of
new mathematical understanding;
6.	
foster student appropriation of normative symbolical inscriptions
as problem-solving tools that warrant, extend, and sustain the initial
intuitive convictions. (Abrahamson & Wilensky, 2007, p. 27)
These principles have been successfully realized in the ProbLab experimental
unit for middle-school probability and statistics (http://ccl.northwestern.edu/
curriculum/ProbLab/; see Abrahamson & Wilensky, 2002, 2005).
Engineering a working (or learning) environment is the heart of every design
experiment. In terms of Brown (1992), the working environment is the realization
of a learning theory, and each learning environment that stands the empirical test
contributes to the consolidation of the learning theory. In the case of the DRU
Collaborative Research project, model-based learning and reasoning constitute the
fundamental basis for the design of the environment that also includes a simulation
program and several other components. Similarly to the ProbLab of Abrahamson
and Wilensky, the working environment was designed as a synthetic one.
Synthetic learning environments can be characterized in terms of a particular
technology, subject-matter, learner characteristics, and some guiding pedagogical
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principles (Cannon-Bowers & Bowers, 2008). In many cases, synthetic learning
environments involve a computer simulation as a central component and serve as
fundamental basis of simulation-based training.
Simulation-based training
Simulation-based training is a method of teaching designed to replicate a reallife situation as closely as desired. Students analyze data, make decisions, and
solve the problems inherent in the situation. As the simulation proceeds, students
respond to the changes within the situation by studying the consequences of their
decisions and subsequent actions and predicting future problems/solutions.
A well-designed simulation simplifies a real world system while heightening
awareness for the complexity of that system. Students can participate in the
simplified system and learn how the real system operates without spending the
days, weeks, or years it would take to undergo this experience in the real world.
When used in instructional contexts, simulations are essential components
of synthetic learning environments which, however, contain more components
that cannot be separated from each other but must fit together to be effective and
successful. According to Cannon-Bowers and Bowers (2008), synthetic learning
environments can be developed in countless ways and many variables must be
taken into account. Engineering a synthetic learning environment actually places
great demands on the instructional design. Cannon-Bowers and Bowers focus on
instructional features, such as authenticity and fidelity of learning experiences, the
design of cases or scenarios that provide the context for instruction, and collaborative
and social learning, as well as various motivational factors (e.g., goal setting,
Design principles of the DRU Research project
• S
tudents should be able to use a simulation program for model-based
reasoning and decision making under risk;
• they interact with the learning system easily, in real time, and in natural language;
• a systematic approach should be used in diagnosis of learning progress,
making it more efficient and accurate;
• the students receive continuous feedback from the diagnosis component in
order to modify or revise their mental models;
• the learning environment is adaptive with regard to relevant characteristics
of the students;
• the system should be adjustable with regard to systematic and controlled
replacements of each component under control of the other components;
• the system should be easy to use without the need for advanced programming
skills or a change of the complete system.
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engagement, reinforcement). However, these recommendations remain relatively
broad and not sufficient to design and develop a synthetic learning environment.
The synthetic learning environment developed in DRU Research project was based
on the following principles of design.
Based on these principles, the designed synthetic learning environment contains
the components displayed in Figure 4.5. In accordance with the conception of
model-oriented learning, the environment places model-based reasoning at the
center and relates it to a simulation program in order to support decision making
in construction management (see Watkins & Mukherjee, 2009). Other components
of the environment apply to the communication interface, diagnosis of learning
progress and feedback, and the social organization of learning.

Figure 4.5. The architecture of the learning environment in the DRU Research project

The interface is realized in form of a conversational agent. The students
communicate with the conversational agent using the popular real-time text
messaging software Instant Messenger (IM) and can ask and respond to questions.
The interface contains knowledge templates for storing different types of content,
such as concepts, procedures, principles, and others (see Yacci, 1999).
The interface is closely related to the feedback component of the environment.
Possible variations of feedback are the time of feedback (immediate vs. delayed),
feedback about the learning progression within a complex task (immediate,
continuous, or summarizing), and the mode of presentation (text, picture, sound, or
video). It is known from research (Seel & Ifenthaler, 2009) that in simulation-based
training the fidelity of feedback has a strong impact on students’ motivation (Jacobs
& Dempsey, 1993). An appropriate feedback in the course of learning is dependent
on the diagnosis of the learners’ progress.
119

CHAPTER 4

The assessment and diagnosis of individual learning processes is a big problem
for designers of adaptive learning environments. In intelligent tutoring systems
diagnosis often takes the form of an overlay approach in which student knowledge
is matched to an expert model of the subject-matter. However, a major problem with
the overlay approach is that the expert model is loosely organized with no systematic
approach. With regard to model-based reasoning, several assessment procedures,
such as protocol analyses, causal diagrams, concept maps etc. can be applied (Seel,
1999; Ifenthaler, 2008).
Finally, the environment must specify the social system in which learning may be
embedded. In the given case, the learning environment can be used for individual as
well as group learning.
The central idea of using a synthetic environment is that one can replace each
constituent of the environment with controlled retention of the other components. For
example, the simulation program can be replaced by another one without changing
the environment at all. Similarly, model-based reasoning can be replaced by schemabased inferences if reasoning schemas are retrievable. Decision-making under risk
can be replaced with another field of application, for instance, by constructing a
physical model as in the Learning by DesignTM approach. Even the interface of
synthetic environments can be varied systematically. The systematic variation of a
single component under retention of other components permits the combination of
development and research as intended with design experiments.
Summary
In consequence of emerging constructivist approaches, corresponding ID models
focus on the design and development of learning environments, which provide
learners with opportunities for problem solving and discovery learning. Aiming
at a compensation of some infirmities of constructivist approaches of design the
method of design experiments may be used. This method is based on the idea that
the design and development of a learning environment must be substantiated by
a theory of learning. In accordance with constructism, the learning environment
is considered as a realization of a learning theory. According to the idea of design
experiments, relevant input variables (e.g., learning conditions, information
technology, and classroom ethos) and output variables must be taken into account
when engineering a learning environment. The design heuristics of design
experiments corresponds with the R2D2 model as well as with the dimensions
of ADDIE. The most important advantage of design experiments lies in the
combination of development and research that was a weakness of instructional
design for a long time. The project Fostering a Community of Learners (FCL),
which aimed at exploratory learning, and the approaches of anchored instruction,
Learning by Design and model-oriented learning and instruction can be
considered as effective realizations of design experiments.
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Adjunct questions
Q 4.1: What were the essential reasons for the development of design experiments?
Q 4.2: What are the main components of a design experiment?
Q 4.3:	Describe the role of learning theories for design experiments in general
and for the development of learning environments in particular.
Q 4.4:	Describe the principles of designing synthetic learning environments by
reference to the DRU Collaborative Research project.
CONSTRUCTIVIST/CONSTRUCTIONIST APPROACHES
OF INSTRUCTIONAL DESIGN

According to constructivist epistemology, learning is an active, context-dependent
process of constructing knowledge and mental models. This process is highly
idiosyncratic so that each individual always will construct his/her own knowledge
structures and mental models. However, the human mind is not a tabula rasa but rather
dependent on previous experiences and social-cultural constraints. Therefore, the
constructivist basic assumption becomes comprehensible: Knowledge is constructed
on the basis of previous knowledge – independently on how it was taught. What an
individual ever may know is both enabled and constrained by prior experiences and
interpretations.
Constructionism is an advancement of constructivism and views the world as
being internally created through cognitive artifacts, discussed in terms of mental
models, which enable individuals make inferences and predictions based on their
general “world knowledge” and allow mental simulations (thought experiments) of
what will happen as result of possible actions (Johnson-Laird, 1983; Seel, 1991).
Both constructivist and constructionist approaches agree on the point that instructors/
teachers take a meditational role rather than an instructional role.
Instructional Design for Cognitive Learning
In the 1960s and 1970s, instructional conceptions emerged that focused on cognitive
learning and problem solving. Among others Aebli (1963), Ausubel (1968), Bruner
(1966), and Farnham-Diggory (1972) can be named as representatives of this
“cognitive movement” in instructional science. These authors explicitly referred
to Piagets ideas about education and free learning environments that in turn can
be traced back to Montessori (1912). According to these ideas, learners should be
enabled to develop their own abilities and skills. Teaching is considered to be nothing
more than the orchestration of opportunities for learning and problem solving. Since
that time, several cognitive approaches of instructional design have been developed
that cover a broad range. Examples of these approaches are
• guided-discovery learning (initiated by Bruner, 1961),
• cognitive flexibility (Spiro et al., 1991),
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•
•
•
•
•
•
•

generative learning and instruction (Kourilsky & Wittrock, 1992),
computer supported intentional learning environments (Scardamalia et al., 1994),
mind tools and constructivist learning environments (Jonassen, 1996),
cognitive apprenticeship (Collins, Brown, & Newman, 1989),
interpretation construction design model: ICON (Black & McClintock, 1995),
anchored instruction (CTGV, 1990; Pellegrino, 2004),
goal-based scenarios and case-based learning (Schank et al., 1993/94) and closely
related
• Learning by DesignTM (e.g., Kolodner et al., 2004; Kafai & Chin, 2004),
• project-based learning (Boud & Feletti, 1997; Thomas et al., 1999), and
• model-oriented learning and instruction (Gibbons, 2001; Lehrer & Schauble,
2006; Seel, 1991, 2003b).
These approaches often take an eclectic access when designing and developing
instructional events. According to Honebein and Sink (2012), eclectic instructional
design means that several learning theories are blended. Eclectic instructional
designers consider learning theories and connected instructional methods just
as a toolbox. Nevertheless, a particular learning theory and related instructional
strategies may dominate a particular course, but other theories and strategies may
also be used in that same course.
Generative learning and teaching
Generative learning aims at “meaning making” (Lee, Lim, & Grabowski,
2008) and at fostering the learners’ attention and motivation. In principle,
generative learning corresponds with the assimilation hypothesis of schema
theory: Learning occurs by generating connections between new information
and knowledge stored in long-term memory. Accordingly, generative learning
theory contains four concepts of cognition (Wittrock, 1974, 1992):
1.	Recall occurs when the learner can access knowledge structures stored in
the long-term memory. Generative learning can be improved by means of
techniques which encourage students to learn a content that is based upon
knowledge already acquired.
2.	Integration refers to assimilating new information into existing knowledge
structures. This improves remembering and recall of knowledge.
3.	
Organization basically means to connect previous knowledge with new
concepts in an effective way so that they become part of schemas as slot-filler
structures.
4.	Elaboration involves cognitive operations to connect and add new concepts
to information already collected.
Based on the theory of generative learning, Kourilsky and Wittrock (1992) have
developed the concept of generative teaching to improve generative learning
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by means of targeting the learners’ prior knowledge and providing guidance to
generate relationships between new contents and prior knowledge. A central
goal of generative teaching consists in the revision of learners’ preconceptions.
This should be done in five steps:
1.	The learners are informed about the conception of generative learning. They
are provided with a list of instructions to relate the new contents to their prior
knowledge and preconceptions, to create examples, to formulate questions to
get to the core of the matter, and to formulate summaries.
2.	
Common misconceptions of the subject matter are presented and
explained.
3.	These misconceptions are related to the concepts already learned.
4.	The learners are prompted to generate examples of their own misconceptions
that must be replaced through correct ones.
5.	
The learners are invited to “think aloud” and to identify and correct
misconceptions of their pals in learning groups.
Another important feature of generative teaching is the emphasis on cooperative
learning in small groups. According to Kourilsky and Wittrock, cooperative
learning underlines the significance of the social context for learning.
In comparison with traditional ID models, cognitive-constructivist approaches
are more sensitive to the type and variety of contents being taught, the learners,
the context, and the results desired. This can be illustrated with the approach of
generative learning and teaching – introduced by Wittrock in the 1970s.
The conception of generative teaching provides a good example to illustrate how
principles of instructional design are derived from a particular theory on human
learning. General implications of the generative learning theory for instructional
design have been described by Grabowski (2004) and Hanke (2012). Since its
advent, generative learning theory has been applied in different fields, such as
science education (e.g., Osborne & Wittrock, 1985), reading comprehension
(e.g., Linden & Wittrock, 1981), mathematical problem solving (e.g., Peled &
Wittrock, 1990), and digital-text processing (e.g., Reid & Morrison, 2014).
In contrast to generative teaching, which is based only on the theory of
generative learning, other cognitive-constructivist approaches use multiple theories
of learning in an eclectic manner. For example, the constructive design principles
of the Interpretation Construction Design Model (ICON; Black & McClintock,
1995) are adaptations from proposals by other approaches, such as anchored
instruction (CTGV, 1990), cognitive apprenticeship (Collins et al., 1989), cognitive
flexibility (Spiro et al., 1991), and so on. ICON operates with seven principles:
(1) observation – students make observations of authentic artifacts anchored
in authentic situations, (2) interpretation construction – students construct
interpretations of observations and construct arguments for the validity of their
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interpretations, (3) contextualization – students access background and contextual
materials of various sorts to aid interpretation and argumentation, (4) cognitive
apprenticeship – students serve as apprentices to teachers to master observation,
interpretation and contextualization, (5) collaboration – students collaborate in
observation, interpretation and contextualization, (6) multiple interpretations –
students gain cognitive flexibility by being exposed to multiple interpretations,
and (7) multiple manifestations – students gain transferability by seeing multiple
manifestations of the same interpretation.
The overall portion of unique cognitive-constructivist approaches of
instructional design is smaller than the list above may suggest. It decreases
additionally when we take into account that only a few conceptions survived
the scientific evolution. Indeed, the majority of them had only a short life span.
Irrespectively of the approach of guided-discovery learning that can be considered
as an evergreen only the approaches of generative teaching, learning by design,
and model-based learning and teaching are up-to-date. The final completion of
anchored instruction at Vanderbilt does not take away the terrific success story
from it.
Instructional Design for Problem Solving
Learning environments can be designed in such a way that students may be
involved in a process of discovery and exploratory learning by extracting facts from
information sources, looking for similarities and differences between these facts,
and thus developing new concepts (cf. Carlson, 1991). According to Stolurow’s
(1973) approach of transactional instruction, learning environments should
provide “opportunities for reflective thinking” and discovery to foster curiosity and
creativity. In accord with the idea of free environments, instructional interventions
and guidance should be minimal in order to offer a wide space for self-organized
learning and thinking. Instruction is oriented toward providing the students with
opportunities to create their own models for problem solving. Learning may occur
as a multi-step process of model building and revision (cf. Penner, 2001; Lehrer,
2009; Seel, 2003b).
According to Carlson (1991), instruction can be designed, on the one hand, to
involve the learner in an inquiry process in which facts are gathered from data
sources, similarities and differences among facts noted, and conceptions developed.
In this process, instructional activities serve as a facilitator of learning for students,
who are working to develop their own solutions to a problem. On the other hand, the
instructional program can present clearly defined concepts followed by worked-out
examples. For instance, a well-designed conceptual model can be presented ahead of
the learning tasks in order to direct the learner’s comprehension and problem solving.
For science instruction, Furtak (2006) has arranged inquiry-oriented teaching along
the continuum from traditional teacher-directed instruction to open-ended scientific
inquiry (see Figure 4.6).
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Figure 4.6. Continuum of inquiry-oriented teaching (adapted from Furtak, 2006, p. 454)

From our point of view, the cognitive apprenticeship approach provides a good
example for guided inquiry teaching, whereas Learning by DesignTM corresponds
more with an open-ended inquiry learning.
The Cognitive Apprenticeship approach. In general, the introduction of this approach
is credited to Collins et al. (1989) and it sets forth a general framework for the design
of learning environments (McLellan, 1993). It is a model of instruction that goes
back to traditional apprenticeship but incorporates elements of schooling. “Cognitive
apprenticeship is a model of instruction that works to make thinking visible” (Collins
et al., 1991, p. 38): “In traditional apprenticeship, the process of carrying out a task
to be learned is usually easily observable. In cognitive apprenticeship, one needs
to deliberately bring the thinking to the surface, to make it visible, whether it’s in
reading, writing, problem solving. The teacher’s thinking must be made visible to the
students and the student’s thinking must be made visible to the teacher. That is the most
important difference between traditional apprenticeship and cognitive apprenticeship”
(Collins et al., 1991, p. 40). In traditional apprenticeship, the master craftsman shows
the apprentice how to perform a task, and then helps the apprentice to do it. Likewise,
in cognitive apprenticeship the teacher as subject-matter expert provides the students
with pre-designed conceptual models to encourage them to imitate the explanations.
Moreover, this instructional approach prescribes in detail what the learner has to do
in each sequence of learning in order to achieve the objectives. According to Collins
et al., effective learning environments can be characterized by 18 features within
four dimensions: Content, methods, sequencing, and the sociology of teaching.
The first dimension contains domain-specific knowledge, heuristic knowledge,
control strategies, and learning strategies. Obviously, the term content is not used in
a conventional sense to denote subject-matter contents but rather in a psychological
sense. Thus, a distinction is made between domain-specific declarative knowledge
and heuristic knowledge. Additionally, Collins et al. emphasize control and learning
strategies aiming at the improvement of metacognitive competence.
The second dimension contains the methods of modeling, coaching, scaffolding
and fading, articulation, reflection, and exploration (see also Figure 4.7):
1. Modeling: An expert explains a conceptual model of the content to be learned.
The students should adapt this conceptual model to solve a problem.
125

CHAPTER 4

Figure 4.7. The methods of cognitive apprenticeship (Seel et al., 2000)

2. Coaching: In doing this, the students are supervised and given guidance by the
instructor. This coaching differs from mentoring because it focuses on specific
tasks. In the studies of Seel et al. (2000, 2003) the guidance given in coaching
involved “result-oriented support.”
3. Scaffolding: In scaffolding particular heuristics for problem-solving are taught.
One of these heuristics may consist of the decomposition of a complex problem
into subproblems and the construction of analogies between the subproblems
(Catrambone, 1998). A central goal of scaffolding is to enable students to develop
and apply their own heuristics for problem solving. Accordingly, a continuous
fading out of guidance is suggested.
4. The next step consists in articulation and reflection aiming at reflective thinking.
Articulation is defined as the process of thinking aloud while working on a
problem, and reflection is conceived as the comparison of the problem solving
procedures applied by the learner and in the expert model. Collins et al. maintained
that these both methods contribute to the development of reflective thinking and
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metacognitive control of learning. In the classroom, a teach-back procedure
(Sasse, 1991) seems to being effective for the implementation of articulation and
reflection. This procedure is based on a constructive interaction between two
communication partners who share domain-specific knowledge. One of them
plays the role of a teacher who explains, for example, the states, functions, and
transformations of a complex system to the other.
5. Exploration: In the final part of the apprenticeship instruction, learners have
to solve transfer tasks to stabilize the new concepts and discriminate to nonadaptable contexts.
The third dimension is concerned with the sequencing of learning tasks based on
the principles of increasing complexity and diversity, and general before specific
skills to be trained (see Figure 4.8).

Figure 4.8. Sequencing connected with content and methods (Seel et al., 2000, p. 14)

The fourth dimension refers to the social-cultural context of learning
environments and addresses the issues of situated learning, culture of expert practice,
intrinsic motivation, cooperation, and competition.
The authors of the cognitive apprenticeship approach consider the distinguished
features as “building blocks” of instructional design, which can be applied
and evaluated separately with regard to their effectiveness. Accordingly, several
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studies (Farmer et al., 1992; Lajoie & Lesgold, 1989; Volet, 1991) focused
on selected methods, such as modeling and coaching, whereas Järvelä (1998)
investigated the methods modeling, scaffolding, and reflection in the course
of verbal interactions in the classroom. Casey (1996) and Seel et al. (2000)
investigated all methods of cognitive apprenticeship in the sequence proposed
by the theory. Altogether, the cognitive apprenticeship approach revealed to be a
promising instructional strategy of guided-inquiry learning (see for an overview:
Dennen, 2008).
Learning by DesignTM. Learning by Design™ (Hmelo et al., 2000; Kolodner
et al., 2003, 2004) is a project-based inquiry approach to science education for
middle school (grades 6 to 8). In terms of Gustafson and Brach (2002), Learning
by Design (LBD) belongs to the category of class-oriented models of instructional
design. From the perspective of cognitive psychology, LBD is based on case-based
reasoning – or as Kolodner et al. (2003) say: Problem-based learning meets casebased reasoning. Generally, case-based reasoning is the process of solving new
problems based on the solutions of similar past problems.
Although mainly conceived as a method for computer reasoning, case-based
reasoning is also considered as a pervasive method in everyday problem solving
of people. The infusion of case-based reasoning into psychology is connected with
Schank’s (1982) model of dynamic memory, and was then adapted by Kolodner and
others for education. Cases describe situations and are both specific and cohesive.
They record what is possible and provide a user with experience-based knowledge,
which can be applied to accomplish a new task belonging to the same class of
cases. Basically, cases are scripts that provide slot-filler-structures in which new
experiences can be incorporated. From the perspective of learning, two approaches
match case-based reasoning well (Kolodner et al., 2003): Problem-based learning
and project-based inquiry learning.
In problem based learning (PBL) students use “triggers” from the problem
case to define learning objectives. Subsequently they do self directed study before
returning to the group to discuss and refine their acquired knowledge. PBL is not
about problem solving per se but rather uses similar cases from the past to come
to solutions of a new problem. The process is clearly defined and the several
variations that exist follow a similar series of steps (Wood, 2003). Among others, an
important step consists in brainstorming sessions to discuss a given challenge and
to find possible solutions based prior similar cases. In the following step, learners
design and implement investigations and explorations in order to come to tentative
solutions which possibly must be refined. As a matter of principle, PBL occurs in
collaboration with others and the group shares all steps of problem solving. For
medicine education, Dolmans et al. (1997) have distinguished seven principles of
case-design in PBL (see Table 4.2).
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Table 4.2. Principles for case design in problem-based learning (Dolmans et al., 1997)
Principle

Comment

Prior knowledge

“Ensure that the contents of a case adapt well to students’ prior
knowledge, because it will help students mobilize what they already
know about the contents of the case. Look into curricular materials
students have been confronted with previously” (p. 186).

Elaboration
through
discussion

“Ensure that a case contains several cues that stimulate discussion
and encourage students to search for explanations. The case should,
however, not contain so many cues that the task for the student consists
of separating out relevant cues from non-relevant cues …” (p. 186).

Relevant case

“Preferably present a case in a context that is relevant to the future
…, or at least show the linkage to the future …” (p. 187).

Integration of
knowledge

“Present relevant basic sciences concepts in the context of a …
problem” (p. 187).

Self-directed
learning

“Ensure that a case encourages students to generate learning
issues and conduct literature searches. This implies that a case should
not be too structured. A case that contains explicit questions that
need further explanation or a case containing references to literature
providing solutions to the issues raised in the case will not prepare
students to become accomplished self-directed learners” (p. 187).

Interest in
subject matter

“A case should sustain discussion about possible solutions and
facilitate students to explore alternatives in order to enhance their
interest in the subject matter. This can be done by presenting
phenomena in a case that need further explanation. In addition,
gearing a case to the students’ perceptions of their environment will
also enhance their interest in the subject matter” (p. 188).

Teaching faculty
objectives

“Work out what faculty objective(s) students will be confronted with
while analyzing and studying the case” (p. 188).

Introducing PBL into a course creates new demands on teachers requiring them
to function as facilitators for small group learning rather than acting as providers of
information.
Principles of Learning by DesignTM
1.	
Foregrounding of skills and practices: Aiming at the development of
cognitive skills cycles of iterative applications are realized with the emphasis
on (a) interpreting and explaining own solutions to a problem, (b) error
checking, (c) planning of future use, and (d) transfer of solutions to other
problems. An important ingredient is reflective thinking.
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2.	Practicing: Deliberate practice of targeted skills in authentic contexts, realized
individually and in small groups.
3.	Establishing motivation to learn: Students are provided with a need to use the
skills and practices as well as reasons to work together and learn from each
other. However, the problem to be solved must be sufficiently complex in
order to require the target skills and collaboration.
4.	Proceduralization of skills: LBD aims at the automatic use of procedures to
solve problems, and therefore, it emphasis ritualizing the practice of important
skills through continuous repetitions of the proceedings.
5.	
Establishing and enforcing expectations: Aiming at establishing and
sustaining a culture of rigorous thinking and collaboration the need for such
practice must be clarified, and then reflective practice must be promoted and
supported.
6.	Scaffolding: In LBD many scaffolding tools are provided to help students
succeed at their design and investigative activities. Effective tools are
Design Diary pages (Puntambekar & Kolodner, 1998) to support of smallgroup activities and SMILE (Supportive Multi-User Integrated Learning
Environment) software for supporting small-group work and putting
presentations together.
Figure 4.9 shows the cycles of activities involved in LBD scenarios. The
teacher begins the cycle of activities by introducing the challenge, i.e., a domainspecific problem, such as the “parachute challenge” (Kolodner, 2002), followed
by understanding the challenge. In this phase, the students are invited to a kind of
brainstorming by “messing about” in small groups with materials or devices in order
to generate problem-oriented ideas and questions that clarify the challenge. Then the
students start with activities in the “Investigate & Explore” cycle, which involves
the usual five steps of problem solving. Accordingly, the students have to clarify the
questions to be answered, to generate hypotheses based on what they already know, to
design an experiment for testing the hypotheses, followed by running the experiment,
analyzing the results and presenting them to the class (e.g., in a poster session).
After discussion of results presented by each group the students return to the
“Design/redesign” cycle for revising their design plans based on suggestions and
critiques made by their peers, and then they begin again with constructing and
testing their designs, recording the results and so on.
Finally, in “gallery walks” containing the presentations of group work the
students return to their designs of experiments with the aim to revise them based on
suggestions and critiques made by their peers. This is followed by another analysis
of results and presentation to the class. The gallery walk is a time for engaging
publicly in debugging, explaining, and redesigning.
This short description indicates that LBD in the classroom is a time-consuming
method of trial-and-error learning that must be carefully planned by the teacher.
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Figure 4.9. The cycles of Learning by DesignTM (Kolodner et al., 2004)

Correspondingly, Kolodner and colleagues have identified three challenges to
success of LBD: Preparing teachers, assessment of skills learning, and time.
The Learning by DesignTM approach is an attempt to create and test innovate tools
and classroom learning environments in which students can solve problems and
think about their learning experiences (Kolodner et al., 2004). The principles for the
design of learning environments are based on theories of case-based reasoning and
problem-based learning. Essentially, the design principles of LBD correspond with
the orchestration of problem solving in collaborative settings as it has been described
since decades in the literature. The implementation of LBD into the classroom has
been described, for example, by Kafai and Ching (2004), Kalantzis et al. (2005),
Yelland et al. (2006) and others. Later, the LBD approach has also been expanded
into the field of multimedia learning (e.g., Fessakis et al., 2008; Neville, 2010).
However, LBD is a classroom-oriented approach.
Model-oriented learning and instruction. The paradigm of model-oriented
(synonymously “model-based”) learning and instruction (Moli) has a short past but
long history (see for an overview: Seel, 2014). Therefore, instructional realizations
differ in their epistemological foundation.
Traditionally, model-oriented learning plays a significant role in the fields of
mathematics, physics, and geography education (cf. Hodgson, 1995; Lesh & Doerr,
2000; Penner, 2001). Corresponding instructional conceptions follow to a large
extent a functional and pragmatic methodology, whereas alternative conceptions
based on the theory of mental models have adapted the constructivist view on
instructional design (cf. Seel, 1991, 2003b). Nevertheless, both approaches share
the basic assumption that models are constructed from the significant properties
of external situations, such as instructional settings and the students’ interactions
with well-designed learning environments (cf. Norman, 1983; Lehrer & Schauble,
2010).
From an educational perspective, the central question is: How can model-oriented
learning be improved through instruction? – In accordance with Furtak’s (2006)
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continuum of inquiry-oriented teaching (see Figure 4.6), three paradigms of modeloriented learning and instruction can be distinguished (Seel et al., 2000):
1. receptive meaningful learning within the realm of traditional direct instruction,
2. guided-discovery learning, and
3. self-organized inquiry learning.
Classroom–oriented approaches of model-oriented learning usually tend more
to traditional direct instruction. Lehrer and Schauble (2010), for instance, argue that
orchestrating modeling in the classroom is not only more demanding for students
but also for teachers: “Without teachers’ assistance, students can fail to sustain the
extended chains of reasoning that link questions, development of materials and/or
observational schedules, data collection schemes and activities, data structure and
representations, and conclusions. Unless teachers provide the appropriate press,
representations will not necessarily be critiqued, evaluated, and revised” (Lehrer &
Schauble, 2010, p. 18). Therefore, the teachers have to create learning environments
that fit with the requirements of modeling, and importantly, they have to guide and
scaffold the process of modeling.
Despite a substantially different epistemological foundation, conceptions of Moli
based on mental model theory agree on the point that learning environments can
be designed to initiate a form of discovery learning based on free exploration and
invention, but in the classroom teachers operate with well-prepared and designed
learning environments, which constrain the student’s learning processes to various
extents. Accordingly, Mayer (1989) argued that “students given model-instruction
may be more likely to build mental models of the systems they are studying and
to use these models to generate creative solutions to transfer problems” (p. 47).
Consequently, numerous studies have focused on the internalization of conceptual
models the students were provided with in the course of instruction. Hundreds of
studies indicate that it is effective and efficient to provide students with modelrelevant information before or during learning in order to help them to construct
adequate models for understanding (see for an overview: Seel, 2014).
Clearly, Moli in the classroom requires a curriculum that allows for a significant
amount of time to be given over the student learning and problem solving.
Modeling should not be simply an add-on activity to the curriculum but rather a
more fundamental reformulation of the curriculum that gives primacy to students’
constructions of content knowledge through processes of analysis, experimentation,
and simulation. This view corresponds with the argumentation of researchers,
who emphasize the central importance of students’ model-building activities for
inquiry learning in subject-matter areas such as mathematics, physics, biology, and
geography (e.g., Barab et al., 2000; Doerr, 1996; Krell & Krüger, 2015; Krell et al.,
2012, 2015; Lesh & Doerr, 2000; Penner, 2001b; Raia, 2005).
With regard to Moli, Stewart et al. (1992) distinguish between a model-using and a
model-revising approach to problem solving. Model-using problem solving demands
for applying both a well-known model and strategies on a class of problems that
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can be solved by means of existing knowledge. This corresponds with the schemabased approach of problem solving as described above. Model-revising problem
solving requires the creation of a new model, which must be modified and revised
step-by-step until it fits with the given problem. In the vocabulary of mental model
theory, this procedure of problem solving corresponds with the basic mechanisms
of “fleshing out” (Johnson-Laird, 1983) and “reduction to absurdity” (Seel, 1991).
Buckley (2012) has described the process of model formation and revision as follows
(see also Figure 4.10):

Figure 4.10. Model-based learning (adapted from Buckley, 2012, p. 2300)

Mental models arise from the demands of some task that requires integration
of multiple aspects and/or multiple levels of a system or situation […]. Model
formation integrates prior knowledge and new information about the instance
into a mental model of the situation. When the mental model is used to
accomplish the task, it is evaluated for its utility in performing the task. If the
mental model is deemed useful, it is reinforced and may become routinized
with repeated use. If the mental model is deemed inadequate, it may be rejected
and another model formed, or it may be revised and then used to try again.
Revisions may involve making changes to an element of the model or it may
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take the form of elaboration – adding elements to the model in order to better
accomplish the task. Elements may also be dynamic systems. Ideally, modelbased learning results in rich, multilevel, interconnected mental models that are
extensible and useful for understanding the world. (Buckley, 2012, p. 2300)
According to Stewart et al. (1992), the process of model formation and revision
starts with a conceptual conflict. To understand something (e.g., a phenomenon
of the physical world) students construct their own naive concepts (initial mental
models) as a result of their knowledge about past experiences. When they encounter
a new problem, they try to solve it by their naive conceptions (cf. Posner et al.,
1982). The failure of this trial generates a dissatisfaction with the preconception
that is called a cognitive conflict which strengthens the readiness to generate
more appropriate conceptions. According to Stewart et al., students should work
together in “research groups” in order to revise their initial models and to explain
the observed anomalies.
Constructivist approaches of instruction take into account that the construction
and use of models for problem solving is connected with making mistakes.
Correspondingly, Wimsatt (1987) argues that “the primary virtue a model must
have if we are to learn from its failures is that it, and the experimental and heuristic
tools we have for analyzing it, are structured in such a way that we can localize its
errors and attribute them to some parts, aspects, assumptions, or subcomponents of
the model. If we can do this, then ‘piecemeal engineering’ can improve the model
by modifying its offending parts” (p. 30). The social processing of information in
groups not only contributes to the generation of shared mental models but also to an

Figure 4.11. Modelling competence framework (adapted from Papaevripidou et al., 2014)
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improvement of the students’ metacognitive competence (cf. Haycock & Fowlder,
1996; Hinsz, 2004; Thompson & Cohen, 2012). The central role of metacognition
in modeling has been described by Papaevripidou et al. (2014) as depicted in
Figure 4.11.
As pointed out earlier in this text, constructivist approaches apply an eclectic
methodology of instructional design, and in addition, they attach much more
importance to the theoretical foundation of model-oriented learning than to its design.
In consequence, a unique and comprehensive ID model for model-based inquiry
learning does not exist. Rather, the instructional design of Moli operates, on the one
side, with general principles derived from theories of model-oriented learning. On the
other side, in consequence of the emphasis on collaborative problem solving Moli
is closely connected with approaches of user-centered design and development.
Summary
Learning environments can be designed in such a way that students may be
involved in a process of problem solving by extracting facts from information
sources, looking for similarities and differences between these facts, and
thus, developing new concepts. In accordance with Stolurow’s (1973) idea of
transactional instruction learning environments should provide “opportunities
for reflective thinking” to foster curiosity and creativity. This idea corresponds
with recent cognitive-constructivist approaches of instructional science, such as
cognitive apprenticeship, Learning by DesignTM, and model-oriented learning
and instruction (Moli). Instruction serves as a facilitator of learning for students,
who are working to develop their own solutions to a problem.
In cognitive apprenticeship an expert provides a conceptual model to
encourage learners to imitate the explanations. It is prescribed in detail what
the learner has to do in each sequence of learning in order to achieve particular
objectives.
Learning by Design™ is a project-based inquiry approach to science education
for middle school. This instructional approach combines case-based reasoning
with problem-based learning.
The approach of model-oriented learning and instruction (Moli)
presupposes the development and revision of mental models as means of
problem solving. Model-revising problem solving requires the creation of a
new model, which must be modified and revised step-by-step until it fits with
the given problem.
The approaches of cognitive apprenticeship, Learning by Design™, and
Moli share the basic assumption that models are constructed from significant
properties of external situations, such as instructional settings and the students’
interactions with well-designed learning environments.
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Adjunct questions
Q 4.5:	Describe the five steps of generative teaching and explain how they may
support generative learning.
Q 4.6:	
Describe the dimensions and especially the methods of cognitive
apprenticeship.
Q 4.7:	
Why corresponds the cognitive apprenticeship approach with modeloriented learning and instruction?
Q 4.8:	Which instructional practices does Learning by Design (LBD) contain to
generate problem and project oriented learning environments?
Q 4.9:	Describe the cycles of designing environments in accordance with the LBD
approach.
Q 4.10:	
Which paradigms of model-oriented learning and instruction can be
distinguished?
Q 4.11:	What are the differences between model-using and model-revising problem
solving?
Q 4.12:	Describe the particular role of mental models for model-revising problem
solving.
INQUIRY-ORIENTED INSTRUCTION AND USER-CENTERED DESIGN

Constructivist approaches of instructional design focus on students’ learning through
participation in projects where they are involved in model building and revision that
usually is facilitated by teachers through coaching and scaffolding. In particular,
learning environments should be designed as opportunities for reflective thinking
and discovery learning, which begins when students are presented with questions to
be answered, problems to be solved, or a set of observations to be explained.
Principally, there are two options to initiate discovery learning in the classroom:
Either the instructors pose questions and problems or the learners do this. Smith
(1966) calls the first option teacher inquiry, the second learner inquiry guided by
the instructor. Both approaches require careful thought to the activity structures that
make them possible. Basically, instructional designers need to shape environments
in which students are accountable to self-organized discovery learning by means of
modeling activities and challenging each other in collaborative work on problems.
Possibly, students may fail in “free learning environments” so that the question for
appropriate guidance and assistance becomes an important instructional issue.
Discovery-Oriented Learning and Model-Centered Instruction
Among the various theoretical approaches to Moli (cf. Seel, 2014) the approach
of Gibbons (2001) called “model-centered instruction” appears being suitable to
characterize the general principles of the design of learning environments aiming at
discovery learning. As Gibbons (2008) has pointed out, model-centered instruction
(MCI) corresponds with Seel’s (1991) theory of mental models assuming that
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learners respond to cognitive challenges by constructing mental models to generate
subjective plausibility. According to Gibbons, this can be supported by means of
an effective design of learning environments in which the students are somehow
supported to focus on information which is relevant for solving a given problem.
The approach of MCI is based on the conception of a layered architecture of design
that corresponds with instructional functions (Gibbons & Rogers, 2009). Each design
layer is typified by characteristic goals, building-block constructs, design processes,
design expression and construction tools, as well as prescriptive principles to guide
the arrangement of structures. MCI distinguishes between several layers.
The design layers of MCI
The content layer should be organized in terms of models, whereby three types
can be distinguished: (1) models of environments, (2) models of cause-effect
systems, and (3) models of human performance. The content of instruction is not a
collection of facts, topics or tasks but rather should be related to the entire model.
With regard to the strategy layer, Gibbons advocates the emphasis on
problem solving, which essentially includes the generation of a “working
model” (Gibbons et al., 1995) that should be adjusted dynamically in the course
of learning. Problems can be presented as worked examples or as examples to be
worked out by the learner.
The control layer includes arrangements, which aim at learners’ maximum
ability to interact with the model and instructional materials. This layer should
maximize learner momentum, engagement, efficient guidance, and learner selfdirection and self-evaluation.
The message layer refers to multiple information sources from the interaction
with the model, from the instructional strategy and control, from external
resources, such as tools supplied to support problem solving.
The approach of MCI does not contain limiting assumptions about the
representation of the message or the use of media and the management of data –
simply said: anything goes.
Basically, the layer approach pertains also to the alignment of the structures
within a layer with those of other layers aiming at a vertical modularity that
improves manufacturing, maintenance, and reusability of designs.
According to Gibbons and Rogers, instructional theories provide principles to
guide the design within one or more of the layers but no theory provides guidelines
for all of them. Consequently, the instructional designer usually adapts an eclectic
approach in selecting and organizing the structures within each layer. Instructional
designers can enter the design process at any layer. MCI, however, places the priority
on the content layer for which seven prescriptive principles have been distinguished
(cf. Gibbons, 2008).
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Prescriptive principles for designing the content layer of MCI
1. Experience
	The learners should get maximum opportunities of interacting with one or
more models, which may be related to environment, system and/or expert
performance. Particular importance should be attached to the simulation of
processes within complex systems. Notably, models can be expressed in a
variety of computer-based and non-computer-based forms.
2. Problem solving
	Interactions with simulation systems or models should focus on the solution
of carefully selected problems expressed in terms of the corresponding model.
The solutions can be generated by the learner, a peer, or an exert.
3. Denaturing
	Models are not copies of the world but rather they necessarily simplify and
denature the original. The designer must determine a degree of denaturing
that matches the learners’ prior knowledge and objectives.
4. Sequencing
	
The problems to be solved should be arranged in a carefully designed
sequence with regard to exemplary solutions.
5. Goal orientation
	
The problems to be solved should be arranged in a way that specific
instructional objectives can be attained.
6. Resourcing
	The learning environment should contain a variety of information resources,
materials, and tools that are commensurable with instructional objectives and
the learner’s prior knowledge.
7. Instructional augmentation
	The learner should be given support during solving in the form of dynamic,
specialized, designed instructional augmentations.
Because MCI is a set of principles to guide instructional designers in selecting
and arranging design constructs it is appropriately called a design theory. It favors
designs that originate with and maintain the priority of models as the central design
feature.
Similarly, Gravemeijer’s approach (Gravemeijer et al., 2000) foregrounds socalled emergent models playing a central role in individual students’ learning.
Related to learning mathematics, the notion of emergent models encompasses
some aspects of the exploratory approach insofar as students are encouraged to
develop their own models, but do so in situations that are chosen by the teacher to
support the realization of a proposed learning trajectory. Thus, it is possible for the
designer to lay out a proposed developmental route for the classroom community
in which students first have to model situations in an informal way (this is called a
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model of the situation) and then “mathematize” their informal modeling activity to
create a mathematical model for reasoning. Instructional activities aim at engaging
the student in independent, sustained thinking. Accordingly, the instructional
sequence consists of procedures that intend to incrementally distance the student
from the given materials and to raise the sophistication of the student’s thinking
by advancing the complexity of the learning tasks. Modeling is conceived as a
cyclical process of creating and modifying models of situations to understand them
better and improve decisions. MCI contradicts traditional instruction, which is
deductive by nature: beginning with expository lecturing and then progressing to
coaching and scaffolding. Model-oriented approaches of learning and instruction
are more inductive. Topics are introduced by presenting specific observations,
case studies or problems, and the students are helped to discover solutions for a
complex problem.
Principles of Inductive Teaching
The idea of inductive teaching can be illustrated with different examples of modeloriented learning in mathematics as proposed, for example, by Doerr and English
(2003), Greer (1997), Lesh and Doerr (2003). Remarkably, there is a difference
between teaching mathematical models and teaching mathematical modeling.
Whereas mathematical models are presented as products to be learned, mathematical
modeling foregrounds the process of solving a mathematical problem. In this context,
mathematical models are used to interpret real-world situations in mathematical
formats (English, 2011; Lesh, 2006). Modeling is seen inherently a social enterprise
(Greer, 1997) in which students are encouraged to operate primarily on their own
interpretations to come to solutions of a problem. This conceptual framework
integrates the modeling approach into a problem-based learning environment where
the students go through multiple cycles in developing a mathematical model for a
given problem. The starting point consists on a complex and authentic model-eliciting
task, which must trigger reflective and metacognitive thinking that requires iterative
processes and decision-making (cf. Uden & Beaumont, 2006). In accordance with
Chan (2008, 2009) and Kang (2010) general aspects of the modeling process can be
summarized as in Table 4.3.
The process of developing useful models for a specific purpose usually involves a
series of iterative testing and revision cycles. Actually, several instructional models
involve learning cycles, wherein students work through sequences of activities that
involve reflective thinking and problem solving. A well-known learning cycle is
associated with Kolb’s (1984) experiential learning model which assigns different
instructional activities to different learning style preferences (e.g., concrete
and abstract, active and reflective, etc.). Instruction around this model involves
(1) introducing a challenge and providing motivation for solving it by relating it
to students’ interests and experience, (2) presenting pertinent facts, experimental
observations, principles and theories, problem-solving methods; as well as
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Table 4.3. Steps of modeling in the mathematical classroom
Chan (2008, 2009)

Kang (2010)

1.	
Description refers to attempts at
understanding the problem and
simplifying it.
2.	
Manipulation refers to establishing
relationships between variables, concepts,
and task details through constructing
hypotheses, examining contextual
information, retrieving and organizing
information, and using strategies towards
developing a working model.
3.	
Prediction refers to the scrutinising
of the models that the students have
conceived as they analyse the designs or
solutions towards ensuring that they fit
the parameters given or established.
4.	
Optimization refers to making
improvements to or extending the models
or comparing or suggesting the effects
the models might have if other conditions
are imposed to justify its optimised state.

1.	
Examining the situation and setting up
the goals to be accomplished (model of
the situation);
2.	
Identifying variables in the situation and
selecting those that represent essential
features;
3.	
Constructing a model by creating
representations that describe
relationships between the variables;
4.	
Analyzing and performing operations on
these relationships to draw conclusions;
5.	
Interpreting the results of the operations
in terms of the original situation;
6.	
Validating the conclusions by comparing
them with the situation, and then
either improving the model or, if it is
acceptable; and
7.	
Applying the model to similar situations
for evaluation and refinement.

opportunities for the students to reflect on them, (3) providing guided hands-on
practice in the methods and types of thinking the lessons are intended to teach,
(4) allowing and encouraging exploration of consequences and applications of the
newly learned material.
Another illustrative example of a learning cycle is at the core of the STAR Legacy
Module (http://iris.peabody.vanderbilt.edu/module/hpl/) developed at the Vanderbilt
University Learning Technology Center. This cycle includes the following steps
(see Figure 4.12):
1. Students are presented with a challenge (problem, case, news event, or common
misconception) presenting the targeted content in a realistic context. This step
aims at establishing a need to learn the declarative knowledge and skills defined
in the learning objectives.
2. In order to generate ideas about how to address the challenge the students formulate
their initial thoughts based on what they already know about the challenge.
3. Perspectives (i.e., statements of experts) that offer insights into various dimensions
of the challenge without providing a direct solution and resources (e.g., lectures,
texts, videos, links to websites etc.) are provided.
4. Assessment activities are carried out in which the students apply what they
know and identify what they still need to learn to address the challenge. This
may include self-assessments and discussions, completing assignments, writing
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reports, and taking online quizzes or exams. Possibly, some iterations between
Steps 3 and 4 might be necessary to meet the challenge.
5. Finally, in a wrap-up, the students present a report to show that they have met the
challenge indicating the achievement learning objectives; alternatively, an expert
may present a model solution to the challenge.

Figure 4.12. The learning cycle implemented in the STAR Legacy Module
(http://iris.peabody.vanderbilt.edu/research-evaluation/iris-and-adult-learning-theory/)

Inductive instructional methods often operate on the basis of comparable learning
cycles embedded in various learning environments; which can be designed in
accordance with principles of case-based or problem-based or model-based learning.
Correspondingly, Hanke (2007, 2008) has developed a model-oriented approach of
inductive learning and instruction.
Hanke’s Model of Model-based Instruction (mombi) describes an instructional
approach based on Seel’s (1991) theory of mental models. mombi prescribes five
steps of teaching that support particular processes of learning discussed in terms
of constructing and revising mental models as means of problem solving. The five
sub-processes of learning initiated and supported by particular teaching activities are
(1) provocation of a mental disequilibrium, that is a cognitive dissonance or conflict,
(2) activation of prior knowledge, (3) search for further information, (4) integration
of information into a mental model, and (5) schematization (see Table 4.4).
According to the assumption, that the generation of a mental model presupposes
an assimilation resistance (Seel, 1991), the starting point of mombi consists in the
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Table 4.4. Processes and instructional activities in MOMBI
(Sub-)Processes of learning

Supporting instructional activities

Initiation of a cognitive conflict
(= mental disequilibiurm)

Provocation of reflective and metacognitive
thinking by means of a complex, authentic
task

Retrieval of prior knowledge and
preconceptions

Activation: Encouragement of learners to
refer to prior knowledge and reconceptions

Search for additional information

Presentation: Providing additional
information

Integration of new information into a
mental model

Scaffolding: Assisting assimilation processes

Elaboration of new knowledge
(= schematization)

Practice: Exercises and maintenance

initiation of a cognitive conflict (Hanke, 2008). This corresponds with the aforementioned model-eliciting task, which triggers reflective and metacognitive
thinking. A few studies have shown the applicability of this approach on several
subject matter domains, such as language learning, economy, medicine, theology
and others (Baatz, Fausel, & Richter, 2014; Hanke, 2012; Hanke & Huber, 2010).
The approaches described above presuppose inductive methods of learning and
teaching but this does not mean a complete avoidance of lecturing and guidance.
Teaching as discussed in these approaches is not “laissez-faire” but rather aims at
facilitating learning by means of guiding, encouraging, clarifying, mediating, and
sometimes even lecturing contents. Therefore, the previously described approaches
can be situated between externally guided and discovery learning.
Principles of Inquiry-Oriented Instruction
Discovery learning as a topic of instruction was introduced by Bruner in the 1960s
and corresponds with methods of inquiry-oriented instruction. This instructional
approach encourages learners to build on past experiences and to use their intuition,
imagination and creativity to discover facts, relationships, and regularities. In theory,
educational scientists seem to like discovery learning but in practice we can find only
a few approaches of inquiry-based instruction and related research. Obviously, there
is a given ambiguity on how to deal with discovery learning in the classroom. This
ambiguity is supported by some psychological studies, which put discovery learning
basically into question (e.g., Alfieri et al., 2011; Cohen, 2008; Dean & Kuhn, 2006;
Klahr & Nigam, 2004). According to these studies discovery learning proved as
not superior to direct instruction. However, a closer examination of the reported
results shows that the differences between direct instruction and discovery usually
were not statistically significant: “We found […] that […] the (many) children
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who learned about experimental design from direct instruction performed as well
as those few children who discovered the method on their own” (Klahr & Nigam,
2004, p. 661). In view of such observations, it is not fairly intelligible why the
approach of discovery learning can be put in question. Highly questionable is only
the claim for a superiority of discovery learning over direct instruction. Actually,
it is sufficient that different instructional methods achieve comparable results. On
this condition, discovery learning must, therefore, be considered as a comparably
effective method of instruction (cf. Lorch et al., 2010; Seel & Dinter, 2005; Wilke
& Straits, 2001). Moreover, guided discovery learning seems to being somewhat
more effective than lecturing as the meta analysis of Alfieri et al. (2011) makes
evident.
Notably, a more detailed analysis shows that the critics refer to discovery
learning realized as open inquiry. Numerous studies indicate that open inquiry in
the classroom is not effective (Clark et al., 2012; Marzano, 2011; Mayer, 2004),
especially when the students are novices. It seems clear that students need at
least minimal guidance during inquiry-based instruction (Kirschner et al., 2007).
However, even students given direct instruction often find themselves struggling to
discover what the teacher means, and all discovery situations involve some minimal
amount of guidance, if only to tell the students to try to make sense of the situation.
Actually, Brunstein, Betts and Anderson (2009) could show that minimally guided
discovery learning can be successful if the cognitive demands are limited and the
learners get the opportunity for sufficient practice. Nevertheless, most educational
psychologists claim guidance of discovery learning and suggest to begin with a
relatively structured form of inquiry which gradually may shift toward more selfdirected learning. According to Staver and Bay (1987), a distinction should be
made between
1. structured inquiry – students are given a problem as well as an outline for how
to solve it,
2. guided inquiry – students must also figure out the solution method, and
3. open inquiry – students must identify and solve the problem for themselves.
An analysis of the pedagogical literature indicates that “pure inquiry” is quite a
myth and seldomly realized in educational practice where discovery learning usually
is more or less guided – and must be to make sure its success.
In general, discovery learning plays an important role in ID models aiming at the
engagement of students in learning through self-organized inquiry to achieve a deep
understanding of subject matters, to improve meta-cognitive skills, and to enhance
student engagement and motivation. “Discovery learning is a type of learning
where learners construct their own knowledge by experimenting with a domain,
and inferring rules from the results of these experiments” (Van Joolingen, 1999,
p. 386). The success of discovery learning is dependent on a number of cognitive
skills the student must possess in order to manage hypothesis generation, experiment
design, prediction, and data analysis. Evidently, regulative skills like planning and
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monitoring of experimentations are also needed for discovery learning (Njoo &
De Jong, 1993).
Principles of discovery learning
Based on Piaget’s epistemology, Bruner (1961, 1966) contributed substantially
to the foundation of a constructive learning theory, which emphasizes (1) different
modes of representation, i.e., the way in which knowledge is encoded and stored in
memory, (2) the importance of an “optimal structure” of teaching and learning,
(3) the orientation to a spiral curriculum, and (4) the significance of learning
through acts of discovery including “all forms of obtaining knowledge for
oneself by the use of one’s own mind” (Bruner, 1961, p. 22).
Discovery learning is problem-oriented and intends more than acquiring
facts. From Bruner’s view it is necessary that instructors guide and motivate
learners to seek for solutions of problems by extending what they already
know and inventing something new. Instructors should teach the learners
how to combine prior knowledge with new information and encourage them
to connect their knowledge to the real world. In accordance with the idea
of a spiral curriculum, the learning process should begin with the basic and
simple ideas. The emphasis of instruction should be on the learners’ intuitive
grasp of these basic ideas and their use in the early teaching of any subject.
In consequence of revisiting the basic ideas repeatedly, the learners will be
enabled to deepen continuously their understanding by transforming the basis
ideas in progressively more complex forms (Bruner, 1961, p. 13). A basic
assumption is that learning also occurs through failure. Thus, discovery
learning does not focus on finding the right end result, but rather the new
things to be discovered in the process of problem solving. The instructor’s main
responsibility is to provide feedback in order to guide the learning process.
Another important ingredient of inquiry-based instruction is an appropriate
management of learning processes: Learners can work alone or with others,
and they can learn at their own pace. This flexibility makes discovery the exact
opposite to traditional teacher-centered instruction.
However, the realization of discovery learning presupposes that the
instructional events are well-designed, highly experiential and interactive. Due
to a lack of ID models related explicitly to discovery learning, the design of
inquiry-based learning environments is not sufficiently specified.
According to Papert (1980), the role of the teacher is to create the conditions
for guided-discovery learning and invention in the classroom rather than provide
ready-made knowledge. Accordingly, inquiry-oriented instruction provides students
with learning environments focussing on a complex problem and opportunities
for inventing solutions to the problem. The teacher’s major task is to guide the
development of problem-solving skills of the students.
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Guided-Discovery Learning
According to Spencer and Jordan (1999), successful guided-discovery learning
requires, first of all, an appropriate context and frame wherein students have the
freedom and responsibility for explorations of the content. However, regularly
assistance is necessary to facilitate and guide the learning processes. Therefore,
De Jong and Van Joolingen (1998) recommend the use of several scaffolds to be
included in the design of exploratory learning environments. Scaffolds are cognitive
tools, defined “as instruments that support or perform cognitive processes for
learners in order to support learning, can bridge the difference between open learning
environments, like discovery learning environments and traditional supportive
instructional environments” (Van Joolingen, 1999, p. 385). Instructional scaffolds
provide not only “just-in-time” access to domain-specific knowledge needed for
problem solving and transfer of knowledge but also support for (a) the generation of
hypotheses by providing hypothesis construction tools, (b) the design of experiments
by providing process- and result-oriented hints and advice, and (c) the generation
of predictions by providing, for instance, a graphic tool for depicting a prediction.
In addition to cognitive tools, De Jong and Van Joolingen recommend the use of
scaffolds for supporting the metacognitive regulation of discovery learning. They
refer to model progression, i.e., a stepwise expansion of a working model combined
with an extension of its complexity, as well as to specific support of planning (e.g.,
guiding questions), monitoring the experiment (e.g., show the results of a simulation),
and structuring the inquiry process (e.g., providing students with a sequenced
structure). Interestingly, De Jong and Van Joolingen apply the authoring system
SMISLE (System for Multimedia Integrated Simulation Learning Environments) for
organizing the cognitive and metacognitive tools.
Comparable with SMISLE, different types of interactive learning environments
offer different types of support to learners. Indeed, these computer-based instructional
systems not only offer a learning environment but also support to help students to
acquire declarative and procedural knowledge. According to Aleven et al. (2003),
recent studies indicated that although effective help-seeking in interactive learning
environments is related to better learning outcomes, learners do not use the offered
help facilities effectively. Nevertheless, it seems clear that help seeking is dependent
on the interaction between cognitive and metacognitive skills that must be triggered
through appropriate scaffolds (Quintana et al., 2004). Zhang et al. (2004) have
proposed a more integrated approach for learning support on the basis of the internal
conditions of discovery learning.
The triple learning support scheme involves (1) interpretative support that helps
learners to access relevant knowledge and to generate understanding of the problem,
(2) experimental support that scaffolds learners in systematic experimental activities,
and (3) reflective support that increases the learners’ self-awareness of the discovery
process and prompts their reflective abstraction and integration. This triple learning
support scheme corresponds largely with the results of several studies on the effects
145

CHAPTER 4

of supporting discovery learning in simulation environments (e.g., Chan et al., 2008;
Reid, Zhang, & Chen, 2003; Zhang et al., 2000). A general overview on instructional
methods to support learning has been provided by Dunlosky et al. (2013).
An analysis of the research on inquiry-oriented instruction indicates a strong
tendency to use computer-based simulation environments to initiate and improve
discovery learning (e.g., Rieber et al., 2004; Rutten et al., 2012). Much less
attention has been paid to inquiry-based instruction in the classroom although
it generally enjoys much appreciation in education. For example, the National
Academy of Sciences stated: “Students at all grade levels and in every domain
of science should have the opportunity to use scientific inquiry and develop
the ability to think and act in ways associated with inquiry” (National Science
Education Standards, 1996, p. 105).
Discovery Learning in the Classroom
Usually the design of discovery-oriented environments puts a challenge as a
general theme at the starting point of learning. Then the instruction builds upon
questions to guide the discovery process. Teachers monitor the students’ responses
to the questions and interactions within group discussions. Clearly, inquiry-oriented
instruction places the responsibility for learning on the student (Edelson, Gordin, &
Pea, 1999), and thus, discovery learning requires students to determine the content,
the learning process, and the assessment of learning. Basically, the design of inquiryoriented instruction corresponds with the approach of problem-based learning.
Wilson (1995, 1996) has specified five instructional strategies that make discovery
learning more effective:
1. The learning activities should be related to a challenge defined in terms of a
complex task or problem.
2. Scaffolding is needed to support the learner in the process of discovery. Scaffolding
fades gradually so that the learner may develop a feeling of self-responsibility as
problem solver.
3. The challenge should be designed as an authentic task to make learning valuable
for transfer.
4. Reflection on the content and skills to be learned should occur in order to enable
students to establish and apply their own heuristics for problem solving.
5. Allow and encourage the learners to test the found solutions against different
views in different contexts.
This strategy corresponds with “exploration” in the cognitive apprenticeship
approach (see above), which covers also the other strategies mentioned by Wilson.
In a similar vein, Edelson et al. (1999) have identified four instructional principles to
support discovery learning: (1) Problematize – the learners experience the limitation
of prior knowledge to solve the problem and recognize gaps in that knowledge.
According to Berlyne (1966) this experience elicits curiosity and a focused
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motivation to learn. (2) Demand – as a result of the prior step a demand for additional
knowledge will require the learner to acquire it to meet the challenge successfully.
(3) Discover and refine – by providing learners with the opportunities to pursue
answers to questions, inquiry enables learners to uncover new principles and to
refine pre-existing conceptions. (4) Apply – inquiry activities provide opportunities
to apply the acquired new understanding in the pursuit of other challenges. This can
require a re-organization of newly acquired declarative and procedural knowledge
but it can also reinforce it and enrich its connections to other knowledge.
Most authors agree on the point that in discovery learning students have to learn
largely on their own through active involvement with concepts and principles.
Teachers encourage the students to conduct experiments that permit them to discover
principles for themselves. Principally, the learners can work alone or with others but
it seems that the emphasis is on individual learning because there are only a few
studies which focused on discovery learning in groups (e.g., Anderson et al., 1995;
Brechting & Hirsch, 1977; Cohen, 2008; Lavine, 2005; Simon, 1986). It seems that
“small-group discovery experience” is a pedagogical approach situated more in
educational practice than in research. A good example for this approach is POGIL
(process-oriented guided-inquiry learning), wherein students work in small groups in
a class or laboratory on instructional modules that present them with information or
data, followed by leading questions designed to guide them in the problem-solving
process. The instructor serves as facilitator and works with student groups if they
need help (http://www.pogil.org).
Problem solving in small groups of learners might be an effective instructional
strategy to enhance discovery learning but it seems that other instructional strategies
are more successful. A simple strategy for fostering inquiry in the classroom consists
in providing the learners with manifold opportunities for extended practicing
discovery learning. Simply said, sufficient practice increases the probability
of success: “Constant dripping wears away the stone.” A much more advanced
instructional strategy aims at analogy-based guided discovery learning (Mandrin &
Preckel, 2009).
Analogies and Discovery Learning
Analogies are known to foster concept learning as well as conceptual change (Duit
et al., 2001; Seel & Hoops, 1993), whereas discovery learning is assumed to being
effective for transfer. We assume that by combining discovery learning and analogies,
effective new arrangements of discovery learning can emerge (see, for example, the
study of Mandrin & Preckel, 2009). Remarkably, adequately structured analogies
improved conceptual performance as well as discovery learning.
Adequate structures were provided in accordance with Glynn’s Teachingwith-Analogies Model (Glynn, 2004, 2007). Based on cognitive task analyses,
this model has been found useful to increase students’ learning and interest in the
domain of science (e.g., Glynn, Duit, & Thiele, 1995). The central idea of Glynn’s
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model is that analogies used in classroom and/or web-based instruction should be
designed with the intention to promote elaboration defined as “any enhancement
of information which clarifies or specifies the relationship between information tobe-learned and related information, i.e., a learner’s prior knowledge and experience
or contiguously presented information” (Hamilton, 1997, p. 299). Principally,
elaboration can be activated by questions and examples but analogies seem to
be particularly appropriate because they provide the framework for successful
elaboration based on the learning-dependent progression of increasingly more
sophisticated mental models (Seel, 1991).
The Teaching-With-Analogies Model
Glynn’s Teaching-With-Analogies Model applied on inquiry-oriented instruction
refers to guided-discovery learning because one implication is that teachers have
to select appropriate analogs that share many features with the target concept. A
thumb rule says that the more features are shared between original and target, the
better the analogy. Another implication is that teachers should verify beforehand
that students have not formed stable misconceptions. Glynn has formulated
some guidelines for designing analogies in science instruction.
1.	Designers have to identify the characteristics of the target domain. If the
target is relatively simple and straightforward, an elaborate analogy might
be unnecessary, whereas elaborate analogies come into play when the target
domain is complex or represents hard-to-visualize systems with multiple
interacting parts.
2.	Designers have to take into account the characteristics of the analog. Certainly,
a good analog is one with which the students are already familiar, so it does not
have to be taught from scratch but rather to be recalled. The appropriateness
of an analog increases the more features it shares with a target domain.
3.	Designers should follow the steps of the Teaching-With-Analogies Model:
• introduce a target concept,
• suggest a good analog by reminding students of what they already know,
• identify relevant features of the analog and target,
• connect (map) the similar features,
• indicate where the analogy breaks down, and
• draw conclusions about the target domain.
	Following these steps will help students to transfer relevant knowledge from
the analog to the target domain and to draw valid conclusions.
4.	Designers should link features of elaborate analogies to related knowledge
structures. Due to fact that students vary in their domain-specific knowledge,
designers should link to a variety of resources that are relevant, accurate, and
authentic.
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5.	Designers should use visualizations and animations of analogies in order to
capture students’ interest and promote understanding. Animations can help
students to visualize the dynamics of processes by depicting temporal or
causal sequences and the transitions that occur between stages and states.
6.	Designers should provide interactive simulations of the actions that exemplary
teachers perform when using analogies. Actions such as questions, prompts,
suggestions, and feedback should be incorporated into a hyperlinked,
database-driven website that gathers information from students, displays it,
and provides them with evaluations of their understanding.
The application of Glynn’s Teaching-With-Analogies Model presupposes the use
of computer-based tools of modeling and simulation. Landriscina (2013) provides
a practical guide for designing and using models, and simulations to support
learning and to enhance performance. Landriscina makes clear that operating with
simulations presuppose the application of mental models which provide the user
with both a model of the system to be simulated and a model for reasoning in order to
simulate the transformations of the system. Then, a simulation can be used to show
the possible effects of alternative conditions and courses of action.
Analogy-based learning and reasoning plays also a significant role in the field
of artificial intelligence. For example, Bhatta, Goel and Prabhakar (1994) have
developed a model-based approach to innovation and creativity in analogical design
based on the assumption that innovative analogical design involves both reasoning
from past experiences in designing devices (in the form of analogs or cases)
and comprehension of how those devices work (in the form of device models).
Interestingly, these authors also suggest the use of mental models for constraining
analogy-based learning in experience-based designs (Bhatta & Goel, 1992). To
make it clear, this approach is not connected with instructional design but rather
with the design of “intelligent” frameworks of case-based reasoning. However,
instructional designers sometimes can learn from design approaches within the
realm of other disciplines. Actually, Bhatta and Goel (1997) have developed an
interesting approach called Integrated Design by Analogy and Learning (IDeAL)
within a theory of adaptive design that is relevant for the design of inquiry-based
instruction. IDeAL as a tool of artificial intelligence aims at constraint discovery,
problem reformulation and model revision by means of analogy-based task-guided
learning that is dependent on well-designed learning tasks and the learner’s domainspecific knowledge. Accordingly, the instructional design of learning tasks are at the
core of IDeAL, which encourages students to construct device designs (e.g., in the
fields of electrics) by having them carry out analogy-based learning, which refers to
retrievable knowledge about the known domain.
Similarly but closer related to instructional design, Smith and Unger (1997)
emphasize conceptual bootstrapping as a conception of analogy-based learning
and problem solving. In their study, Smith and Unger explore student abilities to
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form analogies between different domains before and after a two-week curriculum
intervention focused on using an integrated dots-per-box model. In sum, this study
shows that conceptual bootstrapping involves a multi-stepped mapping process that
is facilitated through classroom dialogue, problem solving, and instruction.
Finally, we refer to a project on discovery learning within a multimedia learning
environment realized by Seel and colleagues in 2003. Basically, this project was
designed in accordance with both the idea of design experiments and Bruner’s
Table 4.5. Design principles of an analogy-based learning environment (Seel, 2005)
Design principles

Activities of learning

1.	Multiple formats of representation
Students use multimedia technologies
to represent and communicate their
knowledge.

1.	Construction of meta-knowledge
Learning environments are drafted as
opportunities for reflective thinking
aiming at inquiry learning and problem
solving. Furthermore, metacognitive
competence must be improved.

2.	Contextual fixedness
Learning occurs contextually and
includes the construction of mental
models.
3.	Explication of semantic deep structures
Novices often focus on a problem’s
surface features and therefore do
not comprehend its deep structure.
Three procedures are considered as
helpful to reach a deep understanding:
(a) Identification of abstract concepts,
(b) exposing of how case-based
knowledge can be applied, and
(c) visualizing of the deep structure,
e.g., by means of causal diagrams or
concept maps.
4.	Scaffolding
Corresponding with Coleman (1998)
and Riedel (1973) various learning aids
are provided to the student. Basically
this assistance can be realized result- or
process-oriented.
5.	Networking by analogies
Aiming at analogies within and
between domains conjunctions of
different problem cases within the
same domain as well as conjunctions
of similar cases within different
domains are elicited.
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2.	Stepwise development of scaffolds
Generation of a model for the problem
space on the basis of propositions
and illustrations. Focussing on
simplification and envisioning as major
functions of modeling.
3.	Cognitive experimentation
Simulation is a core concept of mental
model theory. Three techniques are
suitable: Thought experiments, eliciting
differences between self-produced
models, and implanting new concepts.
4.	Conceptual networking
Identification of analogies between
different domains by depicting aspects
of conceptual relatedness between
cases and problems within of various
environments.
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theory of guided discovery. In accordance with studies indicating that students
do not develop spontaneously critical standards for discovery learning (e.g.,
Erickson & Lehrer, 1998), the learning environments provided guidance by means
of scaffolds in order to extract key concepts and structures from the available
information resources. In consequence, the learning environment was designed
in line with general principles aiming at activities of discovery learning (see
Table 4.5).
The designed learning environment contains several “tools” for supporting
self-organized discovery learning (Seel, 2005): (1) In the problem space, learners
are asked to explain a phenomenon with a model they already know. The known
model is the basis model for analogical reasoning. This means that students
build two models – one of the source domain and one of the target domain.
(2) A Model-Building Kit (MoBuKi) introduces a tutor to impart knowledge about
model building and analogical reasoning. It includes four phases of analogical
reasoning: Understanding the phenomenon to be explained – the students build
an initial but incomplete model of the source domain followed by constructing an
exploratory model of the target domain, comparing both models, and evaluating the
similarity between them. Moreover, the MoBuKi also contains a library of analogies
realized, and explanations of characteristics of models and functions of models.
(3) The information archive contains documents, pictures, and sound recordings
about models from different fields but especially about the curriculum unit to be
learned. (4) The toolbox (e.g., PowerPoint) permits drawings and note takings
about the concepts used. (5) Finally, the curriculum unit contains domain-specific
information needed for mastering the learning task. Additionally, the principles of
Glynn’s Teaching-With-Analogies Model were applied. Beyond these general and
unspecific principles, a participatory approach of instructional design was used
to come to more specific prescriptions to the design, selection, and sequencing of
learning tasks, and to guidance of students by means of supportive information,
materials, tools, and adjusted learning aids. Figure 4.13 provides an integrated
perspective on the principles of Seel’s (2005) MoBuKi and Glynn’s Teaching-WithAnalogies Model.
Communities of Inquiry
The Community of Inquiry framework established by Garrison, Anderson and Archer
(2000) describes a convergence of interrelated ideas that, when combined, work to
facilitate collaborative learning environments. A community develops through the
interactions among teachers and students. When these interactions exist, a learning
community can be built upon shared intellectual pursuits, not only on social
interactions. Accordingly, Garrison and Arbaugh (2007) recommend the arrangement
of a community of inquiry where instructors and students are engaged in critical
thinking about intellectual issues. Three overlapping elements provide the structure
of the Community of Inquiry (CoI) framework to support higher levels of inquiry and
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Figure 4.13. Components of a teaching-with analogy environment (adapted from Seel, 2005)

meaningful collaboration in the classroom: Social presence, cognitive presence, and
teaching presence.
Social presence is described as “the ability of learners to project themselves socially
and emotionally, thereby being perceived as ‘real people’ in mediated communication”
(Garrison & Arbaugh, 2007, p. 159). The concept of social presence concept
comes from research of Short, Williams, and Christie (1976) in the field of social
psychology and communication. These authors define social presence as the “degree
of salience of the other person in the interaction and the consequent salience of the
interpersonal relationships” (p. 65). Accordingly, social presence includes affective
expressions, verbal communication, and particularly group cohesion. Social presence
certainly is a complex construct that involves privacy, social relationships, various
communication styles, tasks to be accomplished, feedback, and immediacy (York &
Richardson, 2012). Garrison et al. (2000) consider social presence as a mediating
variable between teaching and cognitive presence: “The primary importance of this
element is its function as a support for cognitive presence, indirectly facilitating the
process of critical thinking carried on by the community of learners” (p. 89).
Cognitive presence is defined as the extent to which learners construct
meaning through sustained reflection and discourse. Garrison and Arbaugh (2007)
developed a practical inquiry model to explain the phases of developing cognitive
presence: (1) Triggering event: identification of problem that warrants further
inquiry, (2) exploration of the problem through critical reflection and discourse,
(3) integration: learner construction of meaning from ideas developed through
exploration, and (4) resolution where learners apply their new knowledge in other
settings or contexts (see Figure 4.14).
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Figure 4.14. The practical inquiry model (adapted from Akyol & Garrison, 2011b, p. 235)

Teaching presence creates the framework of inquiry learning to realize the
intended learning outcomes. It has been found to be a significant determinant of
student satisfaction, perceived learning, and sense of community (Garrison &
Arbaugh, 2007). The relevant variables of teaching presence are course design,
structure, and leadership. These variables affect the extent that learners engage
in deep learning of the contents. Garrison and Arbaugh distinguish between three
dimensions of teaching presence:
• Curriculum and methods – the design and organization of the course structure,
process, interaction, and evaluation of student learning.
• Facilitation of discourse involves the means by which students are engaged in
their interactions and discourse.
• Direct instruction – the provision of intellectual and scholarly leadership by
sharing knowledge, promoting reflection, and offering immediate feedback.
The intersection of the three presences results in several instructional activities
(see Figure 4.15).
The intersection of social and cognitive presence results in supporting discourse,
the intersection of social and teaching presence leads to setting the classroom
climate, and the intersection of cognitive and teaching presence is concerned with
selecting the content. The categories and indicators of each of the presences within
the Community of Inquiry framework are summarized in Figure 4.16.
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Figure 4.15. The intersection of the three presences and related instructional activities

Figure 4.16. Categories and indicators of the CoI framework (adapted from Garrison, 2011)
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Shea and Bidjerano (2010, 2012) have suggested another dimension to the CoI
framework by introducing self-regulated learning (see Figure 4.17), which they
believe is under-articulated in Garrison’s concept of CoI. Shea and Bidjerano call
this component “learning presence” discussed as a moderator in the community of
inquiry model. Learning presence reflects “the proactive stance adopted by students
who marshal thoughts, emotions, motivations, behaviors and strategies in the service
of online learning” (Shea et al., 2012, p. 90).

Figure 4.17. Revised CoI framework including “learning presence”
(adapted from Shea et al., 2012, p. 93)

Based on data from over 2,000 college students, these authors concluded that
teaching presence and social presence have a differential effect on cognitive
presence, depending upon learner’s self-regulatory cognitions and behaviors,
discussed in terms of “learning presence.” Interestingly, Shea and Bidjerano (2012)
identified a compensation effect in which greater self-regulation is required to attain
cognitive presence in the absence of sufficient teaching and social presence (see also
the results of the longitudinal study of Rientis et al., 2013).
The CoI framework has attracted a large number of empirical studies focusing
either on the entire framework (e.g., Gutiérrez-Santiuste et al., 2015; Lambert &
Fisher, 2013) or its components. For example, Akyol and Garrison (2011b) used CoI
strategies to design and organize a graduate course to investigate the development
of cognitive presence in online and blended collaborative communities of inquiry.
Garrison and Akyol (2013) focused on the effects of CoI on students’ metacognition,
which should be considered in terms of complementary self and co-regulation that
integrates individual and shared regulation. In another study, these authors focused
on the role of information technology in the transformation of higher education
(Garrison & Akyol, 2012). Similarly, Whiteside (2015) explored the level of social
presence in two iterations of a 13-month, graduate-level certificate program designed
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to help K-12 school leaders integrate technology in their districts. A comprehensive
picture of research on the CoI framework can be found in Akyol and Garrison
(2013). This reader not only provides illustrative examples of research on CoI but
also several chapters focusing on the use of this framework to inform effective
instructional design of blended learning environments (e.g., Aldane-Vargas et al.,
2013; Goda & Yamada, 2013; Matthews et al., 2013).
Besides some contributions focusing on the overall relevance of the CoI
framework to instructional design (e.g., Kumar & Ritzhaupt, 2014; Richardson
et al., 2012; Pecka et al., 2014; Tolu, 2012), the majority of papers is related to the
design of single components or aspects of CoI environments, such as the impact
of course duration (Akyol et al., 2011b), the role of interactions (Garrison &
Cleveland-Innes, 2005), instructional immediacy (Hutchins, 2003), asynchronous
discussions (deNoyelles et al., 2014), use of technology and videos (Jones et al.,
2008; Seale & Cann, 2000), and the importance of content (Rourke et al., 2001;
Ryan et al., 2015). Classifying strategies within the CoI framework may guide
instructors to purposefully select and employ methods that encourage productive,
efficient, and meaningful discussions. Strategies such as providing immediate but
modest feedback, peer facilitation, protocol discussion prompts, and providing
audio feedback were found to support multiple presences in the review of the
literature.
In a nutshell, for the presences of the CoI framework various instructional
strategies and methods can be suggested.
General instructional principles to foster the presences of CoI
Social Presence:
• Space for introductions (e.g., personal welcome by the instructor)
• Clarifying expectations of participants for sustaining a collegial
environment
• Providing opportunities for formal and informal collaboration
• Processes of encouraging active participation of end users
Cognitive Presence:
• Individual and collaborative projects that promote inquiry
• Selection of challenging but accessible content with clear connections to
current and future practice
• Discussions, grounded in course content, that promote critical thinking
• Assignments (e.g., journal entries, self-assessments) that promote critical
reflection

156

RESEARCH-BASED INSTRUCTIONAL DESIGN

Teaching Presence:
• Open communication about goals, assignments, submission processes, etc.
• Strong, supportive, appropriately challenging presence in discussions and
elsewhere in the classroom
• Active attention to student participation (and early intervention to identify
and address potential problems)
• Expecting, modeling critical reflection
• Providing timely feedback on assignments
With regard to the revised CoI framework of Shea et al. (2012) several
instructional incentives may help to improve the learners’ self-discipline, selfdirectedness, self-reliance, and metacognition.
Learning Presence:
• 
Encouraging forethought and planning by addressing the methods and
strategies appropriate for task completion as well as coordinating, delegating
and assigning tasks to one’s self and others
• 
Fostering monitoring performance by checking for understanding and
observing strengths and weaknesses in task completion
• Encouraging critical reflection focused on changes in thinking related to the
process and/or product of learning
Within the CoI framework, the design and development of learning environments
is an issue of the teacher presence category design and organization, which includes
the design activities of setting curriculum, designing methods, and establishing time
parameters as well as the organizational activities of utilizing medium effectively,
establishing netetiquette, and making macro-level comments about course content.
The design and organization gives a particular impact on the other presences (see
Figure 4.18).
“We believe that for experiential learning and critical reflection […] one of
the real keys of creating a safe trusting community is […] for students to meet
each other and work together face-to-face […] to build some trust on common
ground [from which] to begin the online dialogue” (Wiesenberg & Stacey, 2005,
p. 391).
It is our contention that the allocation of learning communities in accordance with
the CoI framework can be accomplished most effectively on the basis of participatory
design and prototyping: A community of learning and inquiry develops through
“the interactions among students themselves, the interactions between faculty and
students, and the collaboration in learning that results from these interactions”
(Paloff & Pratt, 2007, p. 4).
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Figure 4.18. The impact of “design and organization” on social and cognitive presence (adapted from Garrison, 2011, pp. 56–58; pp. 86–92)
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Summary
Learning Environments should be designed as opportunities for reflective
thinking and discovery learning. Instructional designers therefor need to
shape environments in which students are accountable to self-organized
discovery learning by means of modeling activities and challenging each other
in collaborative work on problems. Basically inquiry-oriented instruction
corresponds with problem-based learning. Several approaches support such
structures. Gibbons (2001, 2014) introduces a design concept in different layers
(e.g., content, strategy, message) to elicit model building activities of learners
according to Seel’s concept of model-oriented learning and instruction (Seel,
2014). Lesh and Doerr (2003) rather suggest an inductive teaching concept,
which fosters student’s modeling processes instead of teaching models (e.g.
in math classes). Also the STAR Legacy Circle (Sayeski et al., 2015) shows a
concept of learner centered learning. Research findings also show low outputs
for pure inquiry learning (Klahr & Nigam, 2004), so structured or guided inquiry
strategies are more promising (Alfieri et al., 2011). In this vein, De Jong and Van
Joolingen (1998) recommend scaffolds for supporting metacognitive regulation of
discovery learning. Analogy-based learning is another sophisticated approach in
the family of inquiry-oriented environments. Lately, simulations play an important
role for the design of learner centered environments as they provide a systemmodel and foster models of reasoning within the system. Finally yet importantly,
communities of inquiry (CoI) rather focus human interaction, as they include
both, instructors and students in critical thinking processes. Overall, inquiryoriented learning and especially communities of inquiry need collaboration and
interaction among students and between students and instructors – and designers.
Adjunct questions
Q 4.13:	Explain Gravenmeijers modeling approach in mathematics classrooms.
What is the difference between teaching models and teaching modeling?
Q 4.14:	Several researchers discuss inquiry-oriented learning quite critically, what
are the arguments?
Q 4.15: Which strategies make discovery-learning more effective?
Q 4.16:	How can a participatory approach support self-organized discovery learning?
USER-CENTERED INSTRUCTIONAL DESIGN AND DEVELOPMENT

A couple of years ago, the conception of participatory design emerged as a maturing
field of research and practice among design professionals focused on conditions for
user participation in the design of computer-based systems (Berns, 2004; Kensing
& Blomberg, 1998). Originally, this conception was called co-operative design
because it aims at the participation of all stakeholders in the design process to ensure
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that the design product meets the needs of the users. The concept of participatory
design corresponds with a user-centered approach of design “based on the needs and
interests of the user, with an emphasis on making products usable and understandable”
(Norman, 1988, p. 188). This approach is in general connected with rapid prototyping
as an attempt to bring the user “back into the picture” – not as the recipient of a nearly
finished product but rather as an active participant in developing the product as it
is works out in practice (Blomberg, Suchman, & Trigg, 1996). In recent years, the
approach of participatory (or co-operative) design has been introduced also into the
field of instructional design (e.g., Carr, 1997; Corry, Frick, & Hansen, 1997; Könings,
Brand-Gruwel, & Van Merriënboer, 2005, 2010). User-centered instructional design
aims at incorporating student perspectives in the entire design process – from
analysis to evaluation. However, the literature remains vague in making clear how
learners can best participate in the instructional design process. What seems clear
is that constructivist ID models suggest guidelines for instructional design with the
emphasis on recursive, non-linear and reflective design processes.
Characteristics of User-Centered Design and Development
In contrast to common practice to consider the students as recipients and users of
the design product (Cook-Sather, 2001), participatory design supposes the active
participation of the end user in every step of the design process and related decision
making. Often participatory design is associated with rapid prototyping (e.g.,
Mitchell, 1993; Reeves, 1999). However, an analysis of the literature indicates
that participatory design as well as rapid prototyping are only the most popular
examples of user-centered design and development (UCDD) which also contains
other approaches, such as user-friendly design (e.g., Corry et al., 1997; Sugar, 2001),
cooperative inquiry (Druin, 1999), user design (Carr-Chellman & Savoy, 2004), and
the R2D2 model (Willis & Wright, 2000). Consistently, these variants of UCDD
agree on the point, that “plans are just the beginning of the process, but the main
mission is not conforming to the plan; rather, it is responding to changes throughout
the life cycle of the project” (Baek et al., 2008, p. 660).
User participation is vital in UCDD design, so users should be actively involved
in the entire design process—not simply consulted at the beginning or at the testing
phases of formative evaluation. Thus, instructional designers are expected to initiate
early contact with the potential end users and then focus continuously on what
they require of the instruction to be designed. Beadouin-Lafon and Mackay (2003)
suggest the creation of a design space for a particular design problem.
Creating Design Space
“Designers are responsible for creating a design space specific to a particular design
problem. They explore this design space, expanding and contracting it as they add
and eliminate ideas. The process is iterative: more cyclic than reductionist. That is,
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the designer does not begin with a rough idea and successively add more precise
details until the final solution is reached. Instead, she begins with a design problem,
which imposes a set of constraints, and generates a set of ideas to form the initial
design space. She then explores this design space, preferably with the user, and
selects a particular design direction to pursue. This closes off part of the design
space, but opens up new dimensions that can be explored. The designer generates
additional ideas along these dimensions, explores the expanded design space, and
then makes new design choices” (Beadouin-Lafon & Mackay, 2003, p. 1011).
Effective operating within a design space requires the use of various design tools
and techniques. Besides the most generally used techniques such as questionnaires,
interviews, and document analyses, user-centered design requires task analysis and
prototyping, role-playing activities of the participants, extensive personal interactions
with experts and practitioners, use of the Internet and virtual realities etc. (Baek
et al., 2008; Beadouin-Lafon & Mackay, 2003; Carroll, 2000; Davies, 2004; Ehn,
1992). Basically, the target users should play an important role in designing and
developing the learning environment. Carroll et al. (2000) describe this modality of
participatory design as a process of mutual learning in which all participants (i.e.,
instructional designers, instructors, teachers, students, administrators) are involved
to make real and substantial design decisions. Clearly, there might be different levels
of user participation with regard to interactions between the stakeholder, the length,
scope and control of the design process (see Table 4.6).
Table 4.6. Levels of user participation in UCDD (Baek et al., 2008, p. 663)
Weak participation

Strong participation

Interaction

Indirect

Direct

Length

Short

Long

Scope

Small

Large

Control

Very limited

Very broad

An example for a relatively weak participation of the learners (i.e., end users) of
designed instruction has been described by Magliaro and Shambaugh (2005). These
authors define participatory design as collaboration between designers and teachers
but they do not include the students as participants.
Due to its emergence in the field of computer systems development (Schuler &
Namioka, 1993), many applications of UCDD in instructional design are related to
the participatory design of learning media (e.g., Cooper & Brna, 2000; Danielsson
& Wiberg, 2006; Druin, 1998; Huang, 2015; Siozos et al., 2009). It seems that these
and others technology-focused classroom applications of participatory design are
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related to the idea of promoting education in science, technology, engineering, and
mathematics (STEM). For example, Carroll et al. (2000) present an example of
how participatory design was applied in the design of a virtual school to support
collaborative learning in middle school and high school physical science. This 5-year
project, called LiNC (Learning in Networked Communities), can be considered
as a milestone of UCDD. It provides impressive insights into the transition of
participants’ roles over the course of the project. Another example of participatory
design related to STEM education has been provided by Holocher-Ertl, Kieslinger
and Fabian (2012), and also the aforementioned exploratory study of Könings et al
(2010) was situated in the mathematics classroom. In general, STEM education
focuses on reflection (what is already present in the classroom), modification by
means of learning by design, modeling, experimentation, and engagement of
students in problem solving, and collaboration of participants. Thus, it corresponds
largely with the concept of participatory design.
“If school is about what students know, value, and care about, we need to know
who students really are. We need to listen to them, pay attention to what they show
us about themselves and their views […] Students’ voices help us understand what
they need and value as learners” (Dahl, 1995, p. 124). In accordance with this
educational precept, Könings et al. (2010) realized a participatory design classroom
meeting for designers, teachers, and students with the aim to improve the quality of
lessons. The meeting consisted of three parts: (1) brainstorming about experiences
during former lessons, (2) discussing important positive and negative aspects of the
current educational practice, and (3) discussing possible ideas and possible activities
for improvement of forthcoming lessons. The results of this exploratory study indicate
the practicability of participatory design in the classroom, at least the atmosphere was
reported as comfortable. Similarly, Kenny and Wirth (2009) discuss some proven
instructional techniques, which help to implement an inquiry-based classroom. From
the perspective of these authors, participatory learning experiences can be implemented
through best practices in interactive performance in a math or science class.
Despite these selected examples, research on participatory design in the classroom
is still in its infancy. More investigations can be found in the field of higher education,
which seems a prospering field of participatory design. For example, Corry et al.
(1997) formed an interdisciplinary team of faculty, graduate students, and staff to
evaluate and improve an existing website. Based on a needs analysis of students
as end users, a new information structure for the website was created and tested
with regard to its usability. This descriptive case study illustrates the suitability of
user-centered design. Closely related to the use of ICT in higher educations were
also the studies of Knight et al. (2015) as well as of Luojus and Vilkki (2013). In
both studies, participatory design by involving the end users throughout the design
and development process improved the quality of learning analytics as well as lab
activities as starting point for ICT studies in higher education. As Mor, Warburton
and Winters (2012) argue, participatory pattern workshops can be considered as an
effective method to promote a pedagogically informed use of ICT. In such workshops,
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participants (including the end users) can share experiences and create design patterns
to meet with the instructional challenges imposed by ICT in higher education.
Whereas these studies focused on the improvement of the usability of ICT by
means of participatory design, other studies in the field of higher education focused
on the reform of curricula or the improvement of problem- and project-based
learning. For example, Balzhiser et al. (2015) used a participatory design approach
to investigate developing interdisciplinary master’s degree programs tailored for
workplace professionals in professional writing, media journalism, and public
relations. In view of the results of their case study, these authors value participatory
design for curriculum development of graduate study programs. This conclusion
was also drawn by Dymond et al. (2006), who used a participatory approach to
create an inclusive high school science course.
More specifically, Dong et al. (2015) focused on a course redesign process with
regard to the improvement of collaborative project-based learning in the college
classroom. The course redesign was conducted using a participatory design strategy,
which involved the end users (i.e., students) in every stage of the design process.
Guided by the theoretical approach of situated learning, faculty and students worked
together as co-designers in order to re-examine the existing model of collaborative
project-based learning and to revise it in accordance with the cognitive apprenticeship
approach and its building blocks content, method, sequence, and sociology. The revised
model allowed students to define their own projects and provided more opportunities
for students to reflect on their learning strategies and performances. The evaluation
based on quantitative and qualitative data indicates a significant improvement in
collaborative project-based learning. Another illustrative example of participatory
design in higher education has been provided by Torrens and Newton (2013; see
Table 4.7). In this project, undergraduate and post-graduate students worked together
with special school pupils in a design activity that focused on both the assessment of
individual pupils’ needs and aspirations for new assistive technology products and the
design of a concept product. Torrens and Newton describe this case study as part of a
particular module teaching undergraduate students how to design products for people
with disabilities and making the design products more inclusive.
Table 4.8 shows one of the student summary sheets of ideas from the group
discussion (left) following the interview and observation, using visual prompts with
pupils (right) from visit 1.
Based on quantitative and qualitative data, Torrens and Newton conclude that
the approach and methods of participatory design applied in the case study revealed
as effective and an extraordinary experience to all participants. This setting of
participatory design corresponds largely with the Learning by DesignTM approach
that in general is a typical representative of UCDD.
Not all descriptions of realizations of participatory design are such detailed as
Torrens and Newton did it. Usually, the descriptions remain rather general and do
not go into the details of the design process. This gap can be bridged by the R2D2
design model of Willis (1995).
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Table 4.7. Sequence of activities of participatory design in the study
of Torrens and Newton (2013)
Task

Special School/Academy

Higher Education Institute

Discussion of needs

Semi-structured interview
Design specification
Sketch concepts based on
identified needs and aspirations

Choosing concept designs
and furthers suggestions for
design specification

Identification of favoured
concept designs and incorporate
additional information from
pupils
Refinement of concept designs
incorporating additional
information …

Choosing one of three designs
Presenting the designs to
teachers and invited pupil
audience
Pupils undertake in-class
design exercise based on
design process demonstrated
by students

Recording of explanation of
pupils’ choice
Supporting pupil demonstration
Review of pupil choice and
preferences

In-class paper survey

Online Survey

Site visit 1
Interview and
observation

Site visit 2
Co-designing,
refinement of
sketch concepts

Site visit 3
Design selection
“Dragon’s Den
presentation”

Reflection on methods

Table 4.8. Summary sheets developed by a student in the study of Torrens
and Newton (2013, p. 63)
Site visit 1
Visual prompts used (right) to provide a
starting point for discussions for the
students, whilst note-taking.
Pupils marked preferences on prompts.
Summary sheet from student group
Brainstorming (below) based on identified
needs and aspirations from one pupil
(R) during site visit 1. The exercise was
completed for each pupil.
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The Recursive, Reflective Design and Development Model
The R2D2 model developed in the 1990s by Willis can be considered as prototype
of participatory UCDD because the entire process of design and development is
carried out by a team of the stakeholders (i.e., instructors, students, subject matter
experts, and instructional designers; Chen & Toh, 2005). The process of UCDD is
continuously refined and moves closer to what the team considers an acceptable
product. Thus, design and development of instructional systems is described as
recursive and reflective process. Overall, the R2D2 model is based on several
constructivist assumptions:
1. The process of design and development is recursive, non-linear, and sometimes
“chaotic.”
2. Instructional planning is dynamic, evolutional, reflective and collaborative.
3. The team of co-designers starts with a general objective in mind and then proceeds
to particular objectives in carrying out the processes of design and development.
4. There are no instructional design experts and they are not necessary.
5. Instruction focuses on learning in meaningful contexts, i.e., instruction generally
aims at the end users’ understanding.
6. Formative evaluation is crucial.
7. Subjective data (e.g., objectives and motives of learners) contribute substantially
to the design process and product.
The R2D2 model stands explicitly in contrast to the traditional objectivist
models of instructional design. Instead of using procedural terms such as phases or
steps (as applied for example in ADDIE), Willis (1995) has coined the term focal
point to denote the main components of instructional design. The R2D2 model
distinguishes between three focal points: (1) Definition (task and concept analysis),
(2) design and development, and (3) dissemination. These components constitute
“an intermittent and recursive pattern that is neither predictable nor prescribable.
The focal points are, in essence, a convenient way of organizing our thoughts about
the work” (Willis & Wright, 2000, p. 5). The team of co-designers proceeds to do
all that is necessary to bring a near facsimile of an instructional idea into reality
(Colón, Taylor, & Willis, 2000). In accordance with the idea of UCDD, the learners
are integrated from scratch in a team of co-designers.
Whereas traditional ID models include front-end analysis, learner analysis,
task analysis, concept analysis, and specifying instructional objectives, the first
focal point (“definition”) of the R2D2 model contains an on-going learner analysis
and the instructional objectives evolve naturally from the participatory process
of collaborative design and development. The second focal point of the R2D2
model integrates four aspects: (1) material and format selection, (2) choice of a
development environment, (3) design of a first prototype, and (4) selection of a
formative evaluation strategy. In accordance with the “philosophy” of UCDD, the
R2D2 model includes student tryouts and expert appraisal. The third focal point
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(“dissemination”) focuses on the final make-up of the instructional system and its
application in practice. In contrast to traditional ID models, the R2D2 model does
not attach much importance to a summative evaluation.
The R2D2 model is recursive and iterative. Therefore, the development process
does not need to start at a certain point. Design and development undergo a continuous
process of critical reflection and revision up to the point that a satisfactory solution
is found. This procedure may be redundant because particular design problems
are addressed again and again but gradually they become clearer and the context
of learning environment evolves coherently. Unlike traditional ID models, which
suppose completeness of planning steps, the R2D2 model applies the method of rapid
prototyping. After a short assessment of needs and general objectives a prototype of
the product is created that then will be tested, modified and revised until a satisfying
end product results, which can be implemented. Figure 4.19 illustrates this procedure.

Figure 4.19. Rapid prototyping within the R2D2 model

Boling (2010) calls the prototypes created during UCDD as design cases in the
sense of descriptions of artefacts that are generated intentionally. A design case might
be a single picture of a commercial product or of a building or of a classroom but it
also can be comprehensive and pursue an idea from the beginning throughout the
entire design process until its use in practice. The application of the rapid prototying
approach to instructional design is based on the assumption that the development
and design of learnings environments constitutes both a complex and open problem
demanding strong efforts for solution.
Rapid Prototyping
Rapid prototyping was introduced in the late 1980s as an iterative, fast-paced
development methodology in the field of computer aided design software and
computer controlled manufacturing systems in oder to quickly generate, analyze,
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manufacture, and test physical facsimiles (Chelizde et al., 2002; Wright, 2001). The
basic idea consists in creating a first, typical or preliminary model of something
from which other more elaborated or tunded forms are developed or copied. By and
by, the approach of rapid prototyping was adopted in different fields, for instance in
instructional design, too (e.g., Tripp & Bichelmeyer, 1990) wherein it means a sample
model in form of a scaled-down version of a whole instructional course or program.
In the literature on the rapid prototyping approach to instructional design two
conflicting positions can be found. Some authors (e.g., Northrup, 1995; Tessmer,
1994) consider rapid prototyping merely as an alternative method of formative
evaluation within the usual design and development phases. Other authors consider
it as a new paradigm of instructional design methodology (e.g., Dorsey et al.,
1997; Jones & Richey, 2000; Tripp & Bichemeyer, 1990). From our point of view,
“that’s six of one and half a dozen of another” because the crucial idea of rapid
prototyping is to develop learning environments in a cycle of design-utilizationrevision that continues throughout the life of the project. This cycle is thought to be
iterative, i.e., the product is continuously improved until a satisfactory solution is
reached. Contrarily to traditional ID models, which work in a linear sequence, the
rapid prototyping approach considers the design process as an iterative process of
reflection in action (see Figure 4.20).

Figure 4.20. Rapid protytping vs. traditional ID phases

The purpose of rapid prototyping is to elicit possibilities of instructional
activities by building quickly a series of mock-up models (i.e., mental models in
terms of Seel, 1991) that provide the designer with early feedback to adapt to the
user’s requirements. Prototypes are working models or “shells that demonstrate the
projected appearance of the product” (Jones & Richey, 2000, p. 64). From the view
of mental model theory, the final product usually is incomplete. In rapid prototyping
design plans are not predetermined to reach a settled objective but rather develop
throughout a process, which deals more or less creatively with “uncertainty,
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uniqueness, and value conflict” (Schön, 1987, p. 6). Rapid prototyping allows the
designer to start with a low fidelity mock-up model that moves to increasingly higher
fidelity versions as time goes on. Basically, there are two types of prototypes that
can be developed (Nielsen, 1993): horizontal and vertical prototypes. Horizontal
prototypes display a wide range of features but do not implement them all whereas
vertical prototypes focus on implementing only a small set of features in a
mock-up model. Horizontal prototypes are appropriate for understanding
relationships across broader systems to show the range of abilities. Thus, this
type of prototype is appropriate for mid-term instructional planning of courses
and lectures. Vertical prototypes succeed when a particular feature of a system is
poorly-understood and needs to be explored. Thus, they are the first choice in case
of short-term planning of concrete instructional materials and programs.
The “scenario” mentioned in Figure 4.21 corresponds with a holistic prototype as
discussed by Boling and Frick (1997). This kind of prototype “is a hybrid between
the ‘horizontal’ prototype, which represents all elements but none in detail, and the
‘vertical’ prototype, which represent detailed functionality for only one path that a
user might take” (Boling & Frick, 1997, p. 320). Related to the design of a website,
for example, a holistic prototype contains the entire top-level of the site and enough
strands to exemplify its primary features, such as documents, search functions,
different presentation formats (maps, tables, forms, lists, and so on). Actually, rapid
prototyping seems to being a first choice to design technology-based instruction
(e.g., Batane, 2010; Foley & Luo, 2011; Wakefield & Warren, 2012). Usually, these

Figure 4.21. Characteristics of horizontal and vertical prototypes
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appplications operate with vertical prototypes. However, rapid prototyping is not
restricted to the design of technology-based instruction but rather has been applied to
the design and development of classroom instruction, especially in the field of higher
education. Good examples of this (horizontal) application of rapid prototyping are the
case studies from Collis and de Boer (1998), and Desrosier (2011). The last-mentioned
author describes how the University of California, Santa Cruz, successfully employed
the approach of rapid prototyping to produce an entire new curriculum. Design and
development of the entire new course program took 36 weeks from inception to
actual delivery. Nevertheless, it seems that rapid prototypes can be applied much
easier for the design of technology-based instruction than for common instructional
applications, such as such as lectures, workshops, and large-scale instruction,
because in conventional classroom instruction it is not possible to apply continuously
prototype cycles. Hence, Tripp and Bichelmeyer (1990) make the point that while
the rapid prototyping model of instructional design may not be appropriate in every
case, there are cases in which it is a workable approach: (1) Complex instructional
cases that involve manifold factors so that a successful prediction of outcomes is
problematic, (2) cases in which conventional instructional design approaches may
produce unsatisfactory results, and (3) cases which are beyond previous experiences
to solve an instructional problem. Cautions in the use of rapid prototyping as an
instructional design methodology include the need for tools that support building
prototypes efficiently, and the choice of optimal methods for both the design and
revision of prototypes, and, first and foremost, experienced instructional designers.
That means, in general rapid prototyping suspends novices from its use.
Probably the most cited study on the use of rapid prototyping as instructional
design methodology is Tripp and Bichelmeyer (1990), who proposed a model
of rapid prototyping for instructional design in the field of higher education (see
Figure 4.22). In this model, needs assessment and content analysis lead to the
setting of objectives, but the construction of a prototype, its utilization, and the
implementation of the design all proceed in staggered and significantly overlapping
stages that require revision and modification throughout the project.

Figure 4.22. The rapid prototype model of Tripp and Bichelmeyer (1990, p. 31)
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This model serves as a general reference point in the realm of instructional design.
However, occasionally it is supplemented by additional components. For example,
Frick et al. (2005) added important front and back ends to the rapid prototyping
process. Despite such extensions of the original model, there is general agreement
in the literature that rapid prototyping as instructional design methodology strives
to realize a prototype as early in the design process as possible in order to reduce
time and cost. Rather than starting from theoretical principles of instructional design,
the design process begins immediately with a mock-up model that represents the
designer’s best shot at producing something that looks and feels the way a desired
endpoint is expected to work. This preliminary artifact is then subjected to iterative
use and revision, evolving the instructional unit by remaking it until it meets the
expectations. Along this way, successive changes to the prototype may inevitably
produce some artifacts that fail. Therefore, a rapid response to prototype failure
by a makeover is central to the success of rapid prototyping. Desrosier’s (2011)
provides a good example for the necessity of rapid responses to prototype failure.
The fundamental basis of necessary prototype modifications consists of observing the
end users interaction with the product. In the field of education and training, learners
are the end users or stakeholders. To meet this point is at the core of user-centered
design and development (UCDD) or interaction design (Filippi & Barattin, 2012),
the cornerstone of usability. Another driving principle behind the rapid prototyping
approach to instructional design is the output known as WYSIWIG (“what you see
is what you get”).
In the field of instructional design, rapid prototyping often is considered as a best
example of participatory UCDD: “A user-centered design approach in which users
participate in a rapid, iterative series of tryout and revision cycles during the design
of a system or a product until an acceptable version is created” (Baek et al., 2008, p. 660).
The Learning by DesignTM approach illustrates this application. Correspondingly,
Meier (2000), the author of The Accelerated Learning Rapid Instructional Design
model supports the idea of participatory design that puts the learners in charge of their
own learning and enable them to learn within a learning community of peers. Meier’s
model incorporates accelerated learning techniques that strives to design the learning
environment with more practice, feedback, and experience.
Rapid Instructional-Desin
Meier’s (2000) rapid instructional-design model aims at creating an open-ended
design process. It is activity-based and contains four phases:
Preparation – Arouse the interest of the learners:
• discuss the learning goals and benefit
• raise the learners’ curiosity
• remove any barriers that might hamper learning
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Presentation – Introduce the learners’ initial encounter with the new knowledge
and skills:
• show examples of real-world phenomenon
• give interactive presentations
• appeal to all learning styles
• use discovery activities
• use problem-solving exercises
Practice – Ensure the learners integrate their new knowledge and skills:
• present hands-on trial activities, provide feedback, promote reflection, and
then retrial for perfect practice
• use learning games
• promote individual reflection and articulation
• use plenty of skill building practice exercises
Performance – Have the performers apply their new knowledge and skills to real
work situations:
• apply their knowledge and skills on the job
• build support systems for reinforcing learning on the job
• reward the successful use of newly learned skills
• provide time to integrate and apply the new skills
In addition, Meier recommends the 30/70 rule: 30% or less time should be
devoted to instructor or media presentations and 70% or more time to the learner’s
practice and integrative activities.
Rapid prototyping is generally considered as a time-compression technique of
design widely used to design interactive learning environments. Experiences from
several case studies in the area of higher education (e.g., Desrosier, 2011; Filippi
& Barattin, 2012) indicate that rapid prototyping can be leveraged to produce
academic product on short time frames but also to meet the needs for innovative
educational issues, such as blended learning. Insofar rapid prototyping is linked
with participatory design, the sticking point is how individual work blends into
participatory work (especially in large projects that span great distances and time)
and how can participatory design coordinated. Fischer et al. (1992) have proposed
a model of design as reflection in action for determining how “group memory”
should be related to individual work in order to enable designers to make designing
more effective, avoid problems, and learn new things as they go along. To meet
these requirements, the authors recommend to integrate action and reflection
as well as construction and argumentation. “The situation must ‘talk back’ […]
to the individual designer in order for the interaction with group memory to be
understood, dealt with, and repaired within the action present” (Fischer et al.,
1992, p. 287).
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In general, rapid prototyping model is closely connected with participatory design.
However, it is not limited to this particular field of UCDD but can also be used in
combination with traditional instructional design approaches. Accordingly, Gero
(1990) has related the prototype approach to routine design as well as to innovative
and creative design. From Gero’s point of view, routine design can be viewed as a
continuing prototype-instance refinement. The basic principle is the use of conceptual
schemas considered as design prototypes, which collect all the requisite knowledge
for routine design. The basic premise of routine design is the availability of already
existing and stored prototypes, which can be considered as schemas or scripts that
are retrieved and selected, and then instances are produced. This schema-based
explanation of routine design by means of prototypes is depicted in Figure 4.23.

Figure 4.23. Routine design by prototype-instance refinement (adapted from Gero, 1990, p. 35)

According to schema theory, the prototype-instance refinement occurs as
accretion, tuning, or reorganization of retrievable conceptual schemas. The related
understanding of prototypes as best examples of schemas is a completely different
grasp of prototypes as in the rapid prototyping approach of Tripp and Bichelmeyer
and others. What these authors describe as prototyping corresponds with Gero’s
concept of creative design (see also Mountford, 1990). This can be viewed as the
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generation of new prototypes. In most cases new prototypes are produced from old
ones by changing them. However, occasionally a design prototype is generated without
precedent, although a well-defined process could be used to explain its generation. In
this case, the role of context and the designer’s perception of it play an important part.
User-centered design and rapid prototyping are ambitious and demanding
approaches to instructional design. It is not an easy way to come to a final design
product. Although Piskurich (2006) wants to show how to get instructional design
done fast, he needs more than 500 pages to offer “a no-nonsense walk through
all the steps in the instructional design process.” Principally, rapid prototyping
presupposes basic knowledge and competence in the creation of prototypes and in
iterative testing and revision. Therefore, it certainly cannot be done by instructional
design novices. In case of sufficient expertise, it is probably the most efficient
methodology of design and development, especially with regard to technologybased instruction. At last, rapid prototyping is not a matter of constructivist
instructional design approaches but rather should be applied in combination with
traditional ID models. Therefore, some authors, such as Karagiorgi and Symeou
(2005) and Piskurich (2006), suggest that rapid prototyping should be used as a
model that plugs into traditional instructional design rather than a replacement for
it (see also Van Merriënboer, 1997). Focusing on the ADDIE dimensions, Piskurich

Figure 4.24. The Triple P instructional-design model of the Center for Faculty
Development at Wenzao Ursuline University of Languages in Taiwan
(http://cfd.wzu.edu.tw/cfd_en/triple_p_isd_model.html)
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(2015) presents rapid prototyping as “a continuing process, with new aspects being
added and evaluated in this mode each week until you finally have the complete
program” (p. 242). The Center for Faculty Development at Wenzao Ursuline
University of Languages in Taiwan operates with a Triple-P model to integrate
rapid prototyping and the dimensions of ADDIE into a spiral model for designing
instructional materials (see Figure 4.24).
The model evolves three major outcomes: rapid prototype, prototype and the
final product in time series. The project begins with generating the rapid prototype
on which the ADDIE dimensions are applied in order to come to a prototype, which
reflects also feedback to each phase of ADDIE until the final product is generated.
Summary
User-centered instructional design supposes the active participation of the end
user in every step of the design process and related decision making. Due to its
emergence in the field of computer systems development, many applications of
UCDD in instructional design are related to the participatory design of learning
media but UCDD plays also an important role in the design of classroom
instruction especially with regard to STEM. Another field of application is higher
education. The pedagogical ideas behind UCDD can be illustrated with the
Learning by DesignTM approach and particularly the Recursive, Reflective, Design
and Development Model (R2D2). According to this model, the entire process of
design and development is carried out by a team of the stakeholders including
instructors, students, subject matter experts, and instructional designers.
The R2D2 model centers on three focal points: (1) definition, (2) design and
development, and (3) dissemination. The second focal point is closely connected
with the methodology of rapid prototyping.
Similar to the mental model approach, the basic idea of rapid prototyping
consists in creating a first, typical or preliminary working model of something,
from which other more elaborated or tuned forms are developed or copied. The
purpose of rapid prototyping is to elicit possibilities of instructional activities by
building quickly a series of mock-up models that provide the designer with early
feedback to adapt to the user’s requirements.
Rapid prototyping is not limited to the particular field of UCDD but can be used
also in combination with traditional instructional design approaches. Prototypes
can be usefully thought of as “learning tools” and consequently may exist at any
level of resolution—from very rough to highly refined—and may be used at any
stage in the design process to explore, evolve, and/or communicate ideas.
Rapid prototyping is an ambitious and demanding approach to instructional
design. Therefore, it certainly cannot be done by instructional design novices.
In case of sufficient expertise, it is probably the most efficient methodology of
design and development, especially with regard to technology-based instruction.
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Adjunct questions
Q 4.17: What are the features of the three focal points of the R2D2 model?
Q 4.18: Which function has rapid prototyping in the R2D2 model?
Q 4.19: How can horizontal and vertical rapid prototyping be distinguished?
Q 4.20:	
How come participatory instructional design and rapid prototyping
together?
Q 4.21: Why is rapid prototyping for novices so difficult?
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FIELDS OF APPLICATION
Higher Education and Schooling

INTRODUCTION

Higher education appears to be a popular field of participatory instructional design
and rapid prototyping. Since decades, manifold efforts have been invested at
universities and colleges to improve instruction and learning. These efforts have been
made in particular to meet the needs of the stakeholders, i.e., the students attending
institutions of higher education for the purpose of acquiring key competences.
Higher education institutions “are faced with new pedagogical issues surrounding
student interactions, course content design and delivery, multiple levels of
communication, defining new types of assignments and performance expectations,
and different assessment and evaluation techniques” (Moller, Foshay, & Huett,
2008, p. 67). Altogether these issues challenge instructional design and academic
teachers involved in the development of competency-oriented higher education
are expected to fulfill new roles of instructional designers. For example, they are
concerned with the problem to transform new curricula into concrete learning
tasks as well as to integrate emerging technologies into the classroom. Several
studies (e.g., Bennett, Dunne, & Carre, 2000; Brown, 2015; Gibbs & Coffey, 2000;
Hoogveld et al., 2005; Postareff, Lindblom-Ylänne, & Nevgi, 2007) have shown
that university teachers can be trained to apply effectively instructional systems
design methodologies in order to improve their teaching. This also applies to
teachers in schools who should be seen as instructional designers in their activities
of planning and implementation of courses and lessons (e.g., Earle, 1985, 1992;
Moallem, 1998):
The teacher as designer recognizes the centrality of planning, structuring,
provisioning, and orchestrating learning. While the role of designer may be
the least observed and recognized teacher role, the intellectual analysis of
construction of learning opportunities for students underpins all robust and
worthwhile K-12 learning opportunities. […] Thus, teachers are and ought
to be designers. And they must come to understand that they are designers
and learn theories and principles that guide their ability to create designs that
promote opportunities to learn. (Norton et al., 2009, p. 53)
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Since some time, strategies and practices of academic teaching have changed due
to faculty professional development, and in consequence, students are getting
increasingly involved in cooperative and collaborative learning, technology-based
learning, and learning communities (King & Kitchener, 1994; Macke et al., 2012;
McAleese et al., 2014; Yakovleva & Yakovlev, 2014). Increasingly, new strategies
and methods of instructional design for higher education have been developed to
meet the requirements of excellent academic teaching. In this context, Coughlan,
Suri and Canales (2007) have shown that prototyping can be used effectively at any
stage in the design process to explore, evolve, and/or communicate ideas. Hence,
prototypes may serve as learning tools for behavioral and organizational change in
the field of higher education at any level of resolution.
This holds true also with regard to the development of online courses, which are
considered as a particular challenge to instructional design in higher education (e.g.,
Allen & Seman, 2013; Bichsel, 2013). According to Niess and Gillow-Wiles (2013)
there are three questions to be answered in developing online courses within the realm
of higher education: (1) What instructional strategies are essential for facilitating
the development of a functioning community of learners? (2) How are the social,
cognitive, and teaching presences managed to support a deep approach to learning?
(3) In what ways do the online community of learners’ instructional strategies
engage participants in higher levels of learning? Niess and Gillow-Wiles applied the
methodology of design-based research corresponding with Brown’s (1992) concept of
design experiments to generate and improve multiple instructional strategies through
design and refinement analyses. Focusing on designing and exploring the whole range
of innovations the authors developed a contextualized theory of a researcher-designed
and empirically supported learning trajectory in the field of higher education.
According to Niess and Gillow-Wiles (2013), 59 graduate students participated
in a research project, which aimed at the identification of effective instructional
strategies within a social metacognitive constructivist learning environment. Over a
five-year period, the authors designed, delivered, and revised six obligatory graduate
courses and nine elective graduate courses in mathematics education and science
education of graduate students. The content for each course focused on developing
and extending the students’ understanding and skills with multimedia technologies.
In accordance with the idea of participatory design, the students were involved as
active participants in the design of materials to support learning in mathematics
and science with the help of ICT. By exploring the participants’ interactions in
small cooperative or collaborative groups, it was possible to identify features of
the interactive nature of shared and individual knowledge. For framing students’
inquiry activities, Niess and Gillow-Wiles applied Bybee’s (2009) Five E’s (engage,
explore, explain, elaborate, evaluate) instructional model.
This model places the participants at the center of learning and assigns the
instructor the role of a task designer and facilitator. Examples of best practices
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Figure 5.1. The researcher-conjectured, empirically supported online learning trajectory

from the courses observed during the culmination research verified the individual
components of the learning trajectory and their interactive dynamics.
Figure 5.1 illustrates this learning trajectory consisting of three primary components:
(1) tools for learning; (2) learning processes; and (3) learning contents or outcomes.
An iterative, cross course analysis over the final year produced four major results:
A supportive community structure in the learning trajectory is an essential component
for student achievement. This community structure supports individual knowledge
as well as the gradual development of shared knowledge. A supportive community
of learners requires purposeful instructor actions in both the design of the course and
the facilitation of the learning activities. Information and communication technology
should be introduced early in a course. It should serve as both a tool for collaboration
and a tool for teaching and learning. The initial courses focused on improving the
participants’ competencies to use ICT for communication and collaboration while
the later courses focused on technology as a tool for teaching and learning the course
concepts. Creating a community of learners and development of shared content
knowledge are neither separate constructs nor separate endeavors. The creation of
one requires the creation of the other as well as dynamic interactions with it.
Similarly, Surry and Land (2000) describe a framework for the infusion of ICT
into academic teaching by promoting the motivation of individual faculty members to
use technology. These strategies are based on Keller’s ARCS model and are divided
into attention gaining strategies, relevance strategies, confidence-building strategies,
and satisfaction strategies. There are numerous studies focusing on technology
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adoption of faculty in teaching (e.g., Gautreau, 2011; Garrison & Hanuka, 2004;
Sugar et al., 2011; Zayim et al., 2006). In general, they show that the diffusion of
instructional technologies has reached a saturation point among early adopters but
remains limited among mainstream faculty. A recursive training of early adoptors in
the design and subsequently the remaining faculty has been at the core of two studies
by Soule (2008) based on a “fusion model” of instructional design.
A Fusion Model of Instructional Design
Soule’s (2008) fusion model integrates aspects of participatory design, rapid
prototyping, and Keller‘s ARCS model of motivation. The model has been created
as a framework for designing, developing, and implementing faculty workshops
in technology integration (see also Anderson et al., 2001). Early adopters are
encouraged to participate in the design and development of the workshops, and then
to participate in the training of the remaining faculty.

Figure 5.2. Fusion model of instructional design (adapted from Soule, 2008, p. 39)

The main characteristic of Soule’s fusion model (see Figure 5.2) is the synergistic
application of participatory design, rapid prototyping, and motivational design. The
model is recursive and result-driven. That means, each component must be repeated
as long as necessary to achieve the goal. According to Soule, this feature, along
with brainstorming and discussion as means of formative evaluation, can prevent
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dissatisfaction of the addressees and makes training of faculty more effective. The
participants are encouraged to apply what they have learned on the design of their
own courses. This result-driven aspect of the models is combined with participatory
design insofar as early adopters will take part in the design, development, and
implementation of the training sessions. Their knowledge of what and how should
be taught to meet the department’s needs provides support for other faculty.
Participation of the end users has been implemented in accordance with the six-step
process suggested by Ellis and Kurniawan (2000): (1) build bridges, (2) develop
user model, (3) map possibilities, (4) develop prototype(s), (5) elicit and integrate
feedback, and (6) continue iteration until goal achievement.
The second component of the fusion model, rapid prototyping, is based on the
approach of Tripp and Bichelmeyer (1990). It refers to the collaborative development
of a model used in the design, development, and implementation of instructional
units and courses. Interestingly, the fusion model contains Keller’s ARCS model of
motivational design as third major component with the aim to promote the motivation
of faculty members to use technology in their teaching. Accordingly, attentiongaining strategies have been designed to arouse the participants’ curiosity and interest
and to sustain it throughout the training sessions. Relevance strategies connect the
learners’ needs, interests, and motives. Confidence building strategies help learners
to obtain the necessary skills to master the learning tasks, and satisfaction strategies
mediate the learners a sense of accomplishment and fulfillment from their learning
experiences.
To test the usability of her fusion model, Soule (2008) conducted two studies.
Faculty from the Department of Nursing and Department of History and Social
Sciences participated in Study 1, which was designed as a mixed-method case study.
Based on the results of Study 1, modifications were made to the data collection
procedures in order to get a clearer picture of what was happening due to model
implementation. Participants in Study 2 included faculty from the Department of
Allied Health Sciences Division of Communicative Disorders and University
College. Table 5.1 provides an overview of the model components realized in the
two studies.
In view of the data of both studies, Soule’s fusion model of instructional design
appears as an effective method of designing and developing workshops in higher
education that meet the needs of faculty and help to develop confidence of especially
older faculty attending training sessions. Altogether, the model seems to provide
a viable and useful procedure to promote faculty development in technology
integration. However, due to the fact that only one instructional designer took part in
both studies, the particular role of professional instructional designers in settings of
higher education remains unclear.
Sugar et al. (2011) realized a Delphi study to trace the instructional designer’s
role in higher education settings. In particular, they were interested in multimedia
production knowledge and skills required of instructional design professionals
working in higher education. The eleven panelists, who took part in the study,
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Table 5.1. Components of Soule’s fusion model with corresponding description
Model component

Description

Identification of problem/project

Activities used to determine which
departments to include in study.

Selection and sequence of problems/
project to focus on

Meeting with early adopters from each
department to determine training interest and
objectives.

Development of several samples of
training materials and strategies

Training material used in a prior training
sessions will be used for this study; material
presented to early adopters at initial meeting.

Training of early adopters

Multiple training sessions were held with
early adopters.

Improvement of training materials and
strategies

Training materials were not changed, instead
discussions about changes in training sessions
occurred.

Training of mainstream faculty with
involvement of early adopters

Multiple training sessions were held with
remaining faculty; early adopters were present
to help facilitate the sessions.

Evaluation of problem/project solution

Faculty were asked to complete survey;
selected faculty participated in initial
interviews.

Brainstorming/Discussion

Discussion about study held between
university technology facilitator and
researcher.

identified specific multimedia production skills and knowledge needed by novice
instructional designers in the field of higher education. These skills and knowledge
include generalized multimedia production knowledge and skills, emphasis of
online learning skills, and the interrelationship between multimedia production and
instructional design skills.
The role of instructional designers in higher education, however, is certainly
not restricted to the design and development of technology-enhanced learning
environments but rather covers the entire spectrum of teaching that includes also
conventional classes and courses, as well as settings of blended learning that make
high demands on instructional design.
Instructional Design of Blended Learning Environments
Since the beginning of the 21st century, the term blended learning is being used with
increased frequency in both academics and industry (Bersin & Associates, 2003;
Garrison & Vaughan, 2008; West, 2004). However, what is blended learning? The
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answer to this question is that blended learning is both a new and old educational
conception. The most commonly mentioned positions in the literature are (Graham,
2005): (1) Blended learning combines instructional modalities or delivery media.
(2) Blended learning combines instructional methods (Graham, 2005). (3) Blended
learning combines face-to-face instruction and technology mediated learning.
Clearly, the third position corresponds best with the definition of blended learning to
be found in current literature.
Blended learning is more than the addition of ICT to conventional classroom
teaching. It aims at integrating face-to-face instruction and technology-based
learning. Blended learning can be both simple and complex in dependence on the
effective integration of the two basic components. At a first glance, it seems simple
to integrate thoughtfully face-to-face learning experiences with online learning
experiences but due to virtually limitless design possibilities and applicability to
many contexts blended learning can be considerably complex. Both components of
blended learning have its own strengths and weaknesses. As shown in Figure 5.3,
the challenge is to find blends that take advantage of the strengths of a learning
environment and avoid its weaknesses.

Figure 5.3. The challenge of blended learning (adapted from Graham, 2005, p. 17)

For instructional designers the simple question is: What blend of media and tools
with face-to-face instruction will provide the biggest impact on learning? Because
there is no standard methodology available for designing blended learning the simple
question moves on to a big problem. Not only the diversity of face-to-face instruction
makes it difficult to approach solutions to the question but also that technology is
not as easy or ubiquitous as people often believe. Certainly, the diversity of face-toface teaching methods is more restricted than the diversity of delivery media and
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tools but the selection of an appropriate face-to-face method remains a challenge
for blended learning environments.
The Challenge of Blended Learning Environments
Traditionally, teaching methods are distinguished in accordance to their degree of
structuring and interactivity. Methods of expository teaching allocate the preparation of
contents and the design of learning environments to the instructor or teacher. Students
are recipients. Examples are lecturing, apprenticeship, demonstration, explanation,
exemplification, and story telling. Compiling methods of teaching exhibit a moderate
level of structuring and the execution of instruction is partly fixed and partly open
to divergent students’ activities. Compiled teaching is characterized through the
intercommunication between teachers and students. Good examples are conversations
and discussions as well as question-answer games. Finally, discovery-oriented teaching
methods delegate the instructional conduct to the learners. The students are self-reliant
in problem solving and get only process oriented guidance through the teacher. Holden
and Westfall (2010, p. 12) have summarized the instructional strategies relevant to
distance teaching and blended learning as in Table 5.2.
In dependence on the choice of a teaching method different symmetries of
interactivity and instructional strategy may result. Content, which requires a high
data volume, should rather be delivered asymmetrical (see Figure 5.4).
Beyond the choice of a teaching method, the selection of delivery media as
discussed widely in instructional design since a long time (e.g., Reiser & Gagné,
1983; Reynolds & Anderson, 1992; Tosti & Ball, 1969) creates another challenge
to blended learning. More recently, several proposals for media selection, especially
with regard to blended learning, have been suggested (e.g., Hirumi et al., 2011;
Holden & Westfall, 2010; Lee & Owens, 2004).
These proposals distinguish between a diversity of instructional delivery options
for blended learning, such as print media, asynchronous and synchronous webbased instruction, audio- and video-conferencing, audiographics and electronic
whiteboard, recorded audio or video (tape, digital broadcast). In a next step, the
different delivery options are mapped to instructional systems, as, for example,
illustrated in Figure 5.5 for synchronous media.
In addition, Hirumi et al. (2011) as well as Holden and Westfall (2010) provide
flow charts for media selection with regard to synchronous and asynchronous
blended learning environments.
Synchronous learning environments correspond with the more traditional
instructional approach to online teaching where instructors and learners participate
at the same time and the same place. Synchronous environments correspond with the
live classroom focused on instructor-led instruction, which regularly occurs faceto-face. However, the Internet provides the opportunity of synchronous training for
participants at different places, too. If topics to be taught are complex, programmatic,
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Table 5.2. Instructional strategies for blended learning (Holden & Westfall, 2010, p. 12)
Instructional
Strategies

Description

Narration/
Description
(Lecture)

Allows for transfer of learning through mere declaration and explication
of knowledge. When interaction is available, it allows for reinforcement
of behavior, spontaneous questioning, dialogue, and social interaction
with immediate feedback.

Demonstration

Skill transfer through the depiction of procedural tasks, events, processes
etc.

Role playing

Involves recreating a situation relating to a real-world problem in which
participants act out various roles. Promotes an understanding of other
people’s positions and their attitudes, as well as the procedures used for
diagnosing and solving problems. Learners may assume the role of a
particular character, organization, professional occupation etc.

Guided
discussion

Supports a synchronous, dialectic learning environment through the
spontaneous and free-flowing exchange of information. Encourages
active, participatory learning that supports knowledge transfer through
dialogue. Students may discuss material more in-depth, share insights
and experiences, and answer questions.

Simulation

Replicates or mimics a real event and allows for continual observation.
A simulation creates a realistic model of an actual situation or
environment.

Illustration

Depicts abstract concepts with evocative, real-world examples.

Imagery

Imagery is the mental visualization of objects, events, and arrays.
It enables internalized visual images that relate to information to
be learned. Imagery helps to create or recreate an experience in the
learner’s mind.

Modeling

A contrived, simplified version of an object or concept that encapsulates
its salient features.

Brainstorming

Brainstorming is a valid and effective problem solving method in
which criticism is delayed and imaginative ways of understanding a
situation are welcomed, where quantity is wanted, and combination and
improvement are sought. Brainstorming can occur with individuals or in
a group setting and involves generating a vast number of ideas in order to
find an effective method for solving a problem.

Case study

A problem solving strategy similar to simulation that works by presenting
a realistic situation that requires learners to respond and explore possible
solutions.

Drill & practice Repetition of a task or behavior until the desired learning outcome is
achieved. Allows for transfer of knowledge from working memory to
long-term memory.
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Figure 5.4. Symmetry of interactivity and instructional strategies
(adapted from Holden & Westfall, 2010, p. 35)

or new, and if effective learning requires immediate communication and feedback as
well as expert observation, the live classroom enriched by various media is clearly
the primary option.
In the case of an asynchronous learning environment the communication between
instructor and learners usually is not in real-time. Examples of asynchronous
instruction are the use of text materials (print or electronic), and online discussion
boards where students respond to questions from the instructor or other students.
Asynchronous learning is the fundamental basis of the virtual classroom, which is not
constrained by time or place and provides more opportunities for reflective thinking
and the delivery of contents. However, at the same time, it may delay reinforcement of
student contributions. Social media, such as discussion boards, wikis, and blogs, which
support peer-to-peer interaction, are sometimes not considered as delivery option per
se, but rather as enabling technologies or collaborative tools that can be used to support
other instructional media in a blended learning environment (cf. Retta, 2012).
Technology-based learning instead of face-to-face? The advancement in
information and communication technologies as well as innovative instructional
solutions provide meaningful learning experiences for learners in academic settings.
However, previous research indicates that quality and quantity of learning may be
inhibited when students are completely immersed in technology-based instruction.
This can be explained with the lack of face-to-face interactions, delayed feedback,
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Figure 5.5. Synchronous media mapped to instructional strategies
(Holden & Westfall, 2010, p. 28)

procrastination, and lower motivation to learn solely (Lim & Kim, 2003; Lim
& Morris, 2009). In contrast, research on the effectiveness of blended learning
environments indicates an increased access to shared knowledge and fostered social
interactions (Osguthorpe & Graham, 2003). Moreover, blended learning provides
students with greater control over their learning progress, instructional flow,
selection of information resources, and time management (Chung & Davis, 1995).
What makes blended learning effective? In general, this question can be answered
with reference to categories of instructional design according to which the quality
of face-to-face instruction, the quality of learning activities and learning support,
and the quantity of workload has a strong influence on the effectiveness of blended
learning environments. Concerning the quality of face-to-face instruction, the
mastery of subject-matter and contents as well as the instructor’s ability to mediate
understandingly the contents are obviously the decisive factors for the success of
academic teaching (Lim, 2002). The quality of learning activities is dependent on
goal-setting prior to learning experiences, the inclusion of various instructional
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methods, such as the application of examples in various contexts, the use of analogies,
and the use of computer simulations (Lim & Morris, 2009). The students’ satisfaction
with instructional programs and methods as well as motivational variables dictate
how much time learners invest in blended learning, and thus, how effective it is.
Building communities of inquiry. According to Garrison (e.g., Garrison & Vaughan,
2008) and other authors (e.g., Lambert & Fisher, 2013; Stenbom et al., 2012), the
most important factor that makes blended learning effective is its ability to facilitate
communities of inquiry. “Community provides the stabilizing, cohesive influence
that balances the open communication and limitless access to information on the
Internet. Communities also provide the condition for free and open dialogue, critical
debate, negotiation and agreement—the hallmark of higher education” (Garrison
& Kanuka, 2004, p. 97). Similarly, Paloff and Pratt (2007) argue that the single
most important factor in distance learning is “the formation of a learning community
through which knowledge is imparted and meaning is co-created” (p. 4).
The Community of Inquiry (CoI) framework (as described above in
Chapter 4) originally has been developed in and for the area of higher education.
In consequence, numerous studies have been conducted to investigate the
effectiveness of CoI on students’ learning. Hence, several studies have shown
that social presence has a significant impact on interaction, student persistence,
satisfaction, improved learning, and motivation (e.g., Gunawardena & Zittle, 1997;
Jusoff & Khodabandelou, 2009; Richardson & Swan, 2003; Tu, 2002). Results
of a study by So and Brush (2008) focused on the relationships of the students’
perceived levels of collaborative learning, social presence, and overall satisfaction
in a blended learning environment show that students who perceived high levels
of collaborative learning tended to be more satisfied with the course than those
who perceived low levels of collaborative learning. Interview data revealed that
(a) course structure, (b) emotional support, and (c) communication medium were
critical factors associated with student perceptions of collaborative learning, social
presence, and satisfaction.
From our point of view, the allocation of learning communities in accordance with
the CoI framework can be accomplished most effectively on the basis of participatory
design and prototyping. A community of learning and inquiry develops through
“the interactions among students themselves, the interactions between faculty and
students, and the collaboration in learning that results from these interactions”
(Paloff & Pratt, 2007, p. 4). Indeed, several studies indicate the usefulness and
effectiveness of participatory-design strategies for the development of blended
learning environments. For instance, Makri et al. (2014) blended the CoI framework
with the learning by design approach, which is a special variant of participatory
design. Matthews et al. (2013) describe a design-based research project aiming at the
continuous redesign of a course in the Master of Arts in Teacher Leadership program
at the University of Illinois on the basis of the CoI framework. Preliminary results
from a four-semester iterative redesign of the course demonstrated the efficacy of
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using a participatory design process for significantly improving learning outcomes.
Later in the project, departmental faculty was collaborating on the redesign of all
core courses using a similar process.
However, participatory design of blended learning environments and communities
of inquiry are great challenges for university teachers because they usually lack the
necessary expertise in instructional design. This deficiency gets intensified due
to the demands for universities to “provide for a larger and more diverse crosssection of the population, to cater for emerging patterns on educational involvement
which facilitate lifelong learning and to include technology-based practices in the
curriculum” (Hicks, Reid, & George, 2001, p. 143). As a consequence, professional
instructional designers are ideal leadership candidates for institutions of higher
education because of their ability to couple technical and conceptual skills while
working collaboratively (Sasse et al., 2008; Shaw, 2012; Wang & Berger, 2010).
What knowledge and skills are needed by instructional designers in higher education
to be successful in their roles? In one of the most cited studies of leadership in
higher education, Kotter (2001) states that leadership essentially consists in preparing
and assisting organizations for change. The author considers three abilities as
prerequisite for leadership: (1) The ability to set the direction, i.e., to use appropriate
strategies for producing the changes needed to accomplish the vision, (2) the ability
to align people, i.e. to create networks of people who understand the vision and
are committed to its achievement, and (3) the ability to motivate and inspire, i.e.,
to keep people moving in the desired new direction despite the obstacles they
may face (see also Russell & Stone 2002). Beyond these general prerequisites for
leadership, instructional designers in higher education must have a solid foundation
in instructional design and learning theory, possess soft skills and technical skills,
they must have a willingness to learn on the job, and must also keep abreast of
emerging information and communication technologies (Ritzhaupt & Kumar,
2015). According to Ryan et al. (2015), experts in the field of online instruction
indicate the importance of rapport, design, engagement, feedback, research, course
improvement, and especially course content as decisive factors of instructional
success at universities. However, the finding of case studies (e.g., Hardré, Ge,
& Thomas, 2006) indicate that not one single factor but rather the interaction of
various factors affects the development of instructional design expertise. Based on
interviews with academics affiliated with a Centre for Excellence in Teaching and
Learning, Bluteau and Krumins (2008) found that giving academics the space to be
creative in developing instructional materials could substantially increase the quality
of student learning experiences. Enthusiasm for looking at new ways of teaching
and learning as well as the existence of a supportive team and working environment
revealed as successful in developing faculty capacity of teaching to improve learning.
Similarly, Sherman et al. (1987) indicate five characteristics that have been regularly
and consistently attributed to teachers classified as excellent: enthusiasm, clarity,
preparation and organization, stimulating, and love of knowledge. In the area of
189

CHAPTER 5

higher education, the demands of successful teaching are often associated with the
precept of teaching excellence.
Promoting Excellence in Academic Teaching
A couple of years ago, politicians and higher education institutions have discovered
the concept of excellence that, however, means different things in different
contexts. Often excellence is equated with the public reputation of institutions,
but likewise it depends to a great extent on the perception of student experiences
and performances. In public, excellence is closely related to quality management,
which was significantly advanced with the launch of the Malcolm Baldrige Award
in 1988. Since its introduction, the Baldrige model has been widely adopted in the
United States. A similar model was then developed by the European Foundation
of Quality Management in 1992 and became the framework for the European
Quality Award. Today, hundreds of quality awards based on a systems approach
to performance excellence exist in most countries of the world. In comparison
to the European Quality Award, the Baldridge model is broader in its scope and
applicable to educational institutions. Consequently, the Baldrige Education
Criteria were developed in response to strong interest by the education community
to get a set of criteria for evaluating the growing quality efforts by educational
institutions. The goals of the Education Criteria, which were pilot-tested in 1995,
are (1) delivery of continuously improving educational values to students and
contributing to their overall development and well-being, and (2) improvement
of overall school effectiveness, use of resources, and capabilities (Karathanos &
Karathanos, 1996).
The Baldrige’s Education Criteria view students as key stakeholders while
recognizing educational organizations’ varying missions, roles, and programmes. The
Baldridge concept of excellence includes three components: (1) a well-conceived and
well-executed assessment strategy, (2) year-to-year improvement in key measures
and indicators of performance, especially student learning, and (3) a measurable
leadership in performance and performance improvement relative to comparable
organizations and appropriate benchmarks (American Society for Quality, 2010;
Furst-Bow & Bauer, 2007). Evidently, the Education Criteria place a particular focus
on teaching and suggest the application of nationally validated systems to improve
teaching performance, which is considered as a central part of strategy development.
“Strategy development refers to your organization’s approach to preparing for
the future […]. Strategy development might involve participation by key suppliers,
partners, students, and stakeholders. The term ‘strategy’ should be interpreted
broadly. Strategy might be built around or lead to any or all of the following: addition
or termination of services and programs; redirection of resources; modifications in
instructional design; use of technology; changes in testing or adoption of standards;
services to new, changing, and special student populations; new core competencies”
(American Society for Quality, 2010, p. 11).
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Similarly, McAleese et al. (2014) formulated several recommendations in their
report to the European Commission to improve the quality of higher education:
Recommendation 1
The European Commission should support Member States in developing and
implementing comprehensive national frameworks for diversifying provision
and integrating new modes of learning and teaching across the higher education
system. It should promote mutual learning and key aspects including skill
development, infrastructures, legal frameworks, quality assurance, and funding,
in particular by exploiting the potential of the Erasmus+ programme.
Recommendation 3
The integration of digital technologies and pedagogies should form an integral
element of higher education institutions’ strategies for teaching and learning.
Clear goals and objectives should be defined.
Recommendation 5
All staff teaching in higher education institutions should receive training
in relevant digital technologies and pedagogies as part of initial training and
continuous professional development.
Recommendation 7
National authorities should introduce dedicated funding to support efforts to
integrate new modes of learning and teaching across higher education provision.
Funding should encourage collaborative responses to infrastructural needs,
pedagogical training and programme delivery.
Recommendation 9
Public authorities should develop guidelines for ensuring quality in open and
online learning, and to promote excellence in the use of ICT in higher education
provision.
Neither the Education Criteria nor McAleese’s recommendations do address
explicitly the concept of teaching excellence but central statements refer explicitly
to basic constituents of excellence in teaching.
Teaching excellence is a broad concept and several definitions can be found in the
literature (Skelton, 2007). Nevertheless, there is a far-reaching consensus concerning
some common patterns of excellence in teaching (Gibbs, 2008):
• A focus on the student, on student learning and on personal support for students
and their development rather than on formal teaching;
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• a macro focus on the wider learning environment and the development of the
curriculum or programme rather than a micro focus on teaching;
• a traditional emphasis on the teacher themselves, and student feedback ratings on
teacher, on the teacher’s research record and subject knowledge, and on external
recognition of the teacher, with little focus on students, on learning, on the
learning environment, or on the process of developing teaching;
• an emphasis on efforts to develop teaching, especially through innovation,
through influencing others and through leadership of teaching;
• an emphasis on the “scholarship of teaching” as a particularly highly valued form
of the development of teaching.
How teaching excellence is perceived depends on a university’s mission and
vision, the disciplines’ approaches to higher education as well as the identification of
faculty members with the demands of academic teaching. By comparing University
promotion criteria Parker (2008) accentuated the diversity of academic role
profiles and their effects on the perception of teaching excellence. Concerning the
three traditional categories of academic work, namely research, teaching, service/
administration, Parker (2008) distinguished between six role profiles: (a) the allrounder, who was judged equally in all three categories, (b) the all-rounder with
a specialism, who shows minimum performance in all areas but with excellence
in one category, (c) the specialist, who shows excellence in one or two areas, (d)
the well-rounded teacher, who is showing excellence in teaching and satisfactory
performance in the other categories, (e) the researcher, who focuses on research
but takes other areas of excellence into account, and (f) the pure researcher for
whom the possibilities of demonstrating large-scale teaching excellence is curtailed
by the limited time spent with students. What all this means for teaching is not
clear but it signifies a need for teaching excellence to be developed together with
other academic responsibilities. In consequence, Gunn and Fisk (2013) argue that
different views in teaching excellence must be balanced: (1) Excellence in content
and processes which foster maturity in discipline-related ways of thinking and doing,
(2) excellence in teaching processes, and the application of instructional strategies
and method, (3) excellence in supporting novice professionals, and (4) excellence
in providing a general environment for the development of key competencies and
career opportunities including appropriate socio-cultural and ethical attitudes.
The educational demands on academic teaching are multifaceted. When we
refer to Kaufman’s (1988) approach on Needs Assessment and Strategic Planning,
we can assume that the needs, educational goals, motives and social values of the
stakeholders (individuals-as-client), the academic institution (organization-asclient), and the government and employers (society-as-client) are not necessarily
equivalent. How teaching excellence is perceived and accentuated depends not
only on the mission and vision of the organization but also to a great extent on
how academics and students come to view teaching. Gunn and Fisk (2013) define
teaching excellence in dependence on its effects on the students’ needs to achieve an
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appropriate level of discipline-oriented mastery and transferable attributes as well
as to enable students to enter into profession. Furthermore, excellence in teaching
also excels in the students’ awareness of and engagement with issues related to local
and global knowledge economy, social justice, or political needs. Related to the
dimensions of specialism of academics and future development, Gunn and Fisk
distinguish four areas of excellence in teaching (see Figure 5.6).

Figure 5.6. Dimensions and areas of teaching excellence
(adapted from Gunn & Fisk, 2013, p. 14)

For the National University of Singapore “an excellent teacher is not merely
one who excels at communication, has a form grasp of the subject, a passion for
teaching, cares for students or is sensitive to their needs; nor is excellence guaranteed
by the teaching methodology he or she uses. At the heart of teaching excellence
lies the teacher’s ability to inculcate and strengthen intellectual qualities such as
independent learning, thinking, and inquiry; critical thinking, creative problem
solving, intellectual curiosity, intellectual skepticism, making informed judgments
and articulateness” (quoted in Gunn & Fisk, 2013, p. 28).
Many universities consider awards as an effective means to promote the quality
of academic teaching. Many awards state their purpose simply as the recognition
and celebration of excellent teachers (Thornton, 2014), whereas others assert the
aim of promoting teaching excellence and enabling the dissemination of excellent
teaching practice (Layton & Brown, 2011). An analysis of academic teaching awards
is certainly instructive with regard to the categories of evaluation. Gunn and Fisk
(2013) have analyzed the teaching awards criteria of several universities that are
summarized in Table 5.3.
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Table 5.3. Excellence in teaching practice as articulated in teaching
excellence awards (Gunn & Fisk, 2013, p. 34)
Planning and delivery
• Curriculum design
• Knowledge of the subject
• Ability to inspire and motivate
• Respect, care and kindness for
students as individuals
• Active and group learning
• Critical and scholarly

Assessment
• Conscientious use of formative
feedback
• Creative and innovative approaches to
feedback
• Offering students a range of
assessments to assess their mastery

Contributing to the profession
• Innovation in delivery, assessment,
feedback, evaluation, technology
• Significant contribution to curriculum
renewal and reform
• Scholarship of teaching and learning
• Participation in formal networks
focused on teaching excellence
• Broader leadership in teaching

Reflection and evaluation
• Reflecting on inadequacies of own
teaching
• Degree of diligence in actively
engaging with and responding to
student and peer feedback and
evaluations

All these categories of teaching excellence are subject of instructional design
and can be trained systematically. From our point of view, user-centered design and
development are probably the most effective way to improve academic teaching,
which meets the needs of the students. However, this field of application of UCDD
is not explored sufficiently.
Summary
Higher education appears to being a popular field of participatory instructional
design and rapid prototyping. Strategies and practices of academic teaching have
changed due to faculty professional development, and in consequence, students
are getting increasingly involved in cooperative and collaborative learning,
technology-based learning, and learning communities. For online-learning three
questions are essential: How can a community of learners be supported, how are
the social, cognitive, and teaching presence managed to support deep learning, and
how does the instructional strategy engage participants in high levels of learning.
Successful Blended Learning and E-Learning needs motivated and well skilled
teachers (Surry & Land, 2000). Soules (2008) fusion model provides a framework
for integrating motivational aspects, participatory designs, and rapid prototyping
to create successful learning environments in higher education. A study from
Sugar (2011) identified specific multimedia production skills and knowledge
needed by novice instructional designers in the field of higher education.
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Blended Learning seems to be the general perspective in higher education.
However, research indicates that quality and quantity of learning may be inhibited
when students are completely immersed in technology-based instruction. The
quality of learning activities is crucial to successful learning and the wellreasoned implementation of face-to-face arrangements. Communities of Inquiry
seem to fit best with a blended learning approach in higher education to improve
learning quality to its best. Universities see teaching excellence as an important
factor to realize these new dimension of learning.

Adjunct questions
Q 5.1:	What are the three questions to be answered in developing online courses
within the realm of higher education, according to Niess and Gillow-Wiles
(2013)?
Q 5.2:	Discuss the benefit of Soule’s fusion model, which includes aspects of
participatory design, rapid prototyping, and motivational design.
Q 5.3:	How can building communities of inquiry be an important factor that makes
blended learning effective?
Q 5.4:	What knowledge and skills are needed by instructional designers in higher
education to be successful in their roles?
Q 5.5: How can teaching excellence in higher education be defined?
INSTRUCTIONAL DESIGN FOR SCHOOLING

As pointed out in the introduction to this textbook, instructional design has been
developed and cultivated in North America, whereas in some European countries
issues of instructional planning, the design and development of learning environments,
their implementation and evaluation is traditionally a matter of didactics, i.e., the
science of teaching.
Principally, there is no difference between core and scope of instructional design
and didactics, and most models developed in both areas are similar. Actually,
traditional ID models correspond to a great extent with models of learning-oriented
and systemic didactics. This conformity goes back to a similar historical development
and a comparable understanding of teaching as the making of learning (Willmann,
1906). Nevertheless, instructional design and didactics are also quite different.
At first glance, it seems that didactics is explicitly oriented to schooling whereas
instructional design is stronger related to teaching and learning outside school.
In the field of instructional design, sometimes a distinction is made between
instruction and teaching: The term teaching refers to “those learning experiences that
are facilitated by a human being – not a videotape, textbook, or computer program,
but a live teacher. Instruction, on the other hand, includes all experiences in which
the instructional support is conveyed by teaching or other means of mediation”
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(Smith & Ragan, 1999, p. 3). In consequence, the term distance teaching would
be an oxymoron. The point of Smith and Ragan is that instruction is the broader
concept and includes teaching as well as training, which refers to experiences that
are focused upon the acquisition of specific skills (e.g., in the domain of vocational
education). In contrast to instructional design, which is also applicable at teaching
and training, didactics is focused, in the most instances, on teaching by teachers in
face-to-face learning environments. Worldwide and across the various subject matter
domains and levels of schooling, teachers generally share similar epistemic beliefs
concerning teaching (see Table 5.4).
Table 5.4. Epistemic beliefs of teachers concerning teaching
(Boulton-Lewis et al., 2001, p. 42)
Conceptions of teaching

Description

Transmission of content/
skills(teacher/
content focus)

Teaching is imparting information or skills
by telling/giving/repeating

Development of
skills/understanding
(teacher to student focus)

Teaching is developing students’ skills/understanding
by providing/structuring/guiding/ reinforcing/building/
illustrating/modeling

Facilitation of
understanding in student
as learner (teacher/
student interaction focus)

Teaching is facilitating students’ learning and understanding
by working with them/helping/stimulating/questioning/
probing/discussing

Transformation of learners
(growth focus)

Teaching is developing/extending students cognitively/
behaviorally/affectively by providing opportunities/
experiences/activities

Similarly, other authors (e.g., Anderson & Krogh, 2010; Gao & Watkins, 2002;
Mamoura, 2013; Tacconi & Hunde, 2013; Yilmaz & Sahin, 2011) report that
teachers see their major mission in transmitting the understanding of a discipline, in
developing the students’ understanding of contents, and in cultivating the students’
intellect and social agencies. The teachers’ emphasis on transmitting contents
correlates with their experience of a strong curriculum coverage (Waeytens, Lens, &
Vandenberghe, 2002).
Due to an explicit orientation to discipline-specific contents to be taught and
learned, several approaches of general didactics correspond to a great extent with
teachers’ epistemic beliefs concerning teaching but it would be a misunderstanding
to consider instructional design as content neutral. In most ID models, it is
commonplace to transform the topics of a subject-matter domain into instructional
contents (Psillos & Koumaras, 1992; Tait, 1992) and learning tasks (Seel, 1981) that
are relevant to the instructional goals and, especially, to the learners’ dispositions
and characteristics. The learnable contents and learning tasks mediate the “structure
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of knowledge” of a discipline. Hence, although instructional-design models might
focus on the methods of instruction they do not ignore the fact that learning takes
place through the exercise of conceptual and procedural knowledge in the context
of specific knowledge domains (Glaser, 1984). Nevertheless, general didactics
regularly shows a stronger emphasis on planning instruction centered on the contents
to be taught and learned. By taking the similarities and differences between general
didactics and instructional design into account, we subsequently will explore the
added value of general didactics in relation to instructional design.
Both disciplines, didactics and instructional design, agree on the point that
teachers must contribute different methods and techniques of teaching contents to
provide maximum learning for the students. As it is known, students are different
by having different learning styles (in terms of preferences) and learning capacities.
Therefore, teaching should meet the individual requirements of students.
Establishing classroom accessibility for all students is the central objective
of Universal Design for Learning (UDL). Originally, this educational approach
focused on accommodating students with disabilities in education, but meanwhile
it has advanced to a general program of schooling focused on the question how can
teachers effectively meet the diverse learning needs of all students (cf. Edyburn,
2005; Jiménez, Graf, & Rose, 2007; Rose & Meyer, 2002). Universal does not mean
to create a single optimal solution for every student but rather it underscores the
need for flexible approaches to teaching and learning that meet the needs of different
kinds of learners, and creates unique learning experiences. Although the approach
of UDL has been applied also in the area of higher education (Pliner & Johnson,
2004), it is generally considered as an innovation in the area of schooling. Actually,
it is essential that teachers as instructional designers are aware of the individual
differences of their students and that they design courses and materials based on this
consciousness. Both UDL and models of general didactics agree on the demand that
teachers should be enabled to design and develop learning environments in which
students are supported in building domain-specific knowledge as well as in their
self-development and social responsibility.
When Instructional Design Meets General Didactics
From an historical perspective, general didactics and instructional design can be
seen as “twins” in their origin and evolution but they seem to exist in parallel worlds
with only few connections (Seel & Hanke, 2011; Zierer & Seel, 2012). However,
both disciplines agree on the point that “planning of education means to notionally
anticipate instructional appearances that will be realized in future” (König & Riedel,
1973, p. 13).
Comparable with some instructional design models, König and Riedel (1973)
generated a didactic model of instructional planning discussed in terms of
construction: To construct instruction means “not to make an inflexible instructional
product but rather to come to decisions as a result of a meaningful sequence of
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necessary and coordinated procedures that must not be changed unconditionally
before they are realized” (p. 2). The main objective of this approach consists in
creating reliability of instructional planning, which has to pass through a sequence
of activities (see Figure 5.7). Aside from the different conception with regard to the
construction and formation of instruction, the approach of König and Riedel exhibits
some conformities with traditional ID models that are based on systems theory. The
didactic approach of König and Riedel is probably the most exhaustive and detailed
model of instructional planning but it contains so many details and interconnected
decisions that it is nearly inapplicable in practice – at least not within an arguable
time frame. In consequence, this approach did not survive the scientific evolution
and can be seen as part of the history of didactics.

Figure 5.7. The steps of instructional planning according to König and Riedel (1973)

With regard to the field of instructional design, there is hardly an added value
of the approach of König and Riedel. A couple of years before, two other German
scholars, Klafki and Heimann, developed alternative approaches of instructional
planning. In 1958, Klafki published an article on “didactic analysis as the core of
lesson preparation” based on the concept of Bildung, whereas Heimann (1962)
developed a model of learning-centered didactics. Until today, both approaches can
be seen as the central theories of general didactics. They dictated the discussions
about didactics and instructional planning for nearly forty years and are still en vogue.
The Berlin model of didactics, for example, originated by Heimann in cooperation
with Otto and Schulz (1967). Its main objective was to help teachers to make
meaningful decisions about the why, whereto, what and how of instruction within
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the realm of different conditions and situations. The model provides assistance for
the analysis and planning of single steps as well as for the subsequent reflection
and evaluation of instruction. The original model contains six formal constants of
classroom teaching that may be attributed to either (1) fields of conditions, or (2) fields
of decision making: There are two constants regarding fields of conditions, that is,
(a) anthropogenic premises of the learners, and (b) social-cultural premises of all
participants. With regard to the fields of decision making, there are four constants, that
is, (a) intentions/objectives, (b) contents, (c) methods, and (d) media and resources. All
factors are interrelated (see Figure 5.8). That means, there is a strong interdependence
among them and each factor must be considered in view of the others. Altogether the
model constitutes a system of highly interconnected decisions, i.e., a decision in one
field always has consequences on decisions in the others fields. Accordingly, a teacher,
who makes a decision, must deliberate all the other decisions and check their interplay.

Figure 5.8. The Berlin model of didactics

In 1980, the Berlin model of didactics was refined by Schulz, and the
modified version, the so-called Hamburg model became an action model of
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emancipatory-relevant professional instruction. This approach is also called a
normative model of critical instruction aimed at the learner’s self-determined
actions. It corresponds largely with Klafki’s theory of critical-constructive-didactics,
which can be seen as the hallmark of general didactics in Germany.
As aforementioned, Klafki’s critical-constructive-didactics is based on the
concept of Bildung, which means cultivation or education of the cultivated mind
(cf. Bruford, 1975). From Klafki’s (1958, 1995) point of view, instructional
planning presupposes three levels of analysis (see Table 5.5).
Based on these analyses, instructional planning occurs as depicted in Figure 5.9.
Table 5.5. Levels of analysis in Klafki’s approach of didactics
Conditional analysis

Analyzing the learning prerequisites and conditions

Content analysis

Analyzing the curriculum contents, acquisition of subject matter
competence

Didactic analysis

Assessing the “content of cultivation” and selecting the contents
to be learned

Figure 5.9. Klafki’s concept of critical-constructive didactics
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Accordingly, instructional planning starts with an analysis of the social and
cultural background of the participants (i.e., learners, teachers, institutions) and
foregrounds the expected importance of any content with regard to the future,
the structure of the subject-matter to be taught, its exemplary relevance, and its
accessibility (see Figure 5.10).

Figure 5.10. The perspective schema for lesson planning of Klafki
(Zierer & Seel, 2012, p. 8/22)

Klafki’s schema is not a rigid recipe but rather a general guide for the teacher’s
reflection about teaching and related issues (Klafki, 1995). By comparison with
other models of didactics as well as with instructional design models, the criticalconstructive didactics (CCD) is unique and contributes a true added value to the
field. The uniqueness consists mainly in the fact that CCD is critical in accordance
with the critical theory of the Frankfurt School of philosophy inspired by Hegel,
Marx, and Freud, and associated with Horkheimer, Adorno, and Habermas (see,
for more information: Gur-Ze’ev, 2005; Tyson, 2006). Klafki (1985) argues that
didactics has to take into account that the reality of schools and societies constricts
the attainability of objectives in multiple ways. Didactics should not simply accept
this constraint but rather should work towards the elimination of social barriers.
CCD is constructive because it does not settle for continuing to formulate
proposals for instructional planning within the constraints of curricula but rather
didactics is designing something like a concrete utopia (Klafki, 1985). The objective
of teaching and instruction is to provide students with assistance in developing their
capabilities of self-determination and solidarity. It aims to give students the means
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to justify and reflect on their actions. Additionally, it also focuses on developing
the students’ emotionality and enabling them to have an active impact on society
in accordance with reasonable objectives. This corresponds to Adorno’s (1969)
concept of education aiming at maturity. Accordingly, students should acquire
substantial knowledge about the physical and social world as well as the ability to
judge, to evaluate, and to act in order to develop the ability of self-determined and
independent behaviors. To achieve these objectives, learning must be meaningful
and exploratory. Instruction should not aim at the mere reproduction and adoption of
information but rather at providing opportunities for self-guided discovery learning.
The program of CCD reads like a constructivist approach of instructional design.
Indeed, both CCD and constructivist approaches of instructional design share the same
“philosophy” of teaching and learning and are contrary to the objectivist approaches
of instructional design and didactics. What makes CCD different from constructivist
approaches of instructional design is its explicit reference to critical theory, which is
not established in North American education. In general, the CCD corresponds to a
large extent with the approach of participatory design due to its emphasis on including
the learners in the planning and design of instruction. CCD postulates reasonable
criticism and “instruction about instruction” as central components of classroom
teaching with the aim of promoting social learning in the spirit of a democratic
education. In accordance with the participatory design model, CCD demands the
participation of students and teachers in consideration of their personalities, attitudes,
and actions. Furthermore, the given social conditions as well as possible conflicts are
considered to be central parts of instructional planning. However, CCD transcends
constructivist and participatory approaches of instructional design because it is based
on the assumption that the didactic analysis must include the context of justification
of the present, future, and exemplary importance of instructional objectives or
projects. In the area of instructional design, only Kaufman’s idea of “mega planning”
corresponds to CCD with regard to the need of justification of educational objectives
(Kaufman, 1988; Kaufman & Herman, 1997). What instructional design also could
adapt from CCD is a stronger emphasis on thematic structuring, i.e., the structure
of topics as well as their confirmability and verifiability. Another important aspect
concerns the accessibility and presentability (through media) of the topics. Finally,
the structure of teaching and learning should be understood as a variable concept
of necessary and possible forms of organizing and realizing learning (including
successive sequences) as well as providing appropriate learnings aids. This comes
along with the contention that teaching must be understood as social interaction and
a medium of social learning processes.
Although there currently exist more than forty different didactic models (cf.
Kron, 2008), Klafki’s approach of critical-constructive didactics is clearly the most
influential model of general didactics. Jank and Meyer (2002) have expressed the
core of didactics by asking the odd question “Who should learn what, from whom,
when, with whom, where, how, with what and for which purpose?” Centering on this
question, the field of general didactics is constantly developing. According to Zierer
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(2010), momentarily there are two approaches to advance the further development
of didactic models.
One of them includes a group of educational psychologists who try to develop
new models of teaching based on empirical results from research on learning
and instruction. A popular model is the supply-and-use model of Helmke (2009):
Schooling and instruction provide opportunities for learning that should be used and
constructively organized by the learners in accordance with their capabilities. With
regard to the supply side of instruction four major factors can be distinguished: (1) the
quality of teaching including among others articulateness, matching, multiplicity of
methods, motivation, appreciation of learners, feedback, (2) the teacher’s personality
and expertise including expectations, educational orientations and objectives,
subject-matter expertise, diagnostic competence, self-efficacy, engagement and
reflective competence, (3) the quantity of instruction including among others time
tables, absences, exploitation of available time, and (4) the quality of instructional
materials. With regard to the user side of instruction the individual potential of
the learners constitute the most important factor of instructional success. The term
“use of instruction” implies an understanding of learning as an active, self-guided,
and ultimately individual process influenced by subjective learning strategies and
activities. Helmke considers the individual potential of the learners as dependent on
the family. Overall, the supply-and-use model of instruction can be depicted as in
Figure 5.11.

Figure 5.11. Helmke’s (2009) supply-and-use model of instruction
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This model stands in the tradition of models of school learning as provided, for
instance, by Bloom (1974), Carroll (1963), and Harnischfeger and Wiley (1977).
These models feature the complexity of teaching and learning in the classroom but
they are not significant with regard to instructional planning in practice. This is the
major purpose of the second approach to advance didactic models.
This approach takes the variety of different didactic models into account and
aims at the development of an integrative and comprehensive view on instructional
planning (e.g., Kiper & Mischke, 2009; Meyer, 2014). Among others, Zierer
(2010) has developed a conception of eclectic didactics that may serve as a frame
of reference for the multitude of didactic models. Based on the device “scrutinize
everything and retain the best” Zierer suggests a schema for instructional planning
that corresponds in large parts with ADDIE (see Figure 5.12). The only difference
to ADDIE is the integration of design and development into planning, which is
differentiated in accordance with the “Berlin model” of didactics.

Figure 5.12. Schema of eclectic didactics (Zierer & Seel, 2012, 16, p. 16)
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Zierer’s approach of eclectic didactics establishes ties to the field of instructional
design that have been neglected in European didactics for a long time (see
Figure 5.12). According to Zierer, teachers are instructional designers, who recognize
the central importance of planning, structuring, provisioning, and orchestrating
learning in the classroom. In practice, both didactic and instructional design models
presuppose a broad range of planning skills and “pedagogical expert knowledge”
(Shulman, 1986), which integrates the contents to be taught as well as a wide range
of content specific strategies and methods of teaching. Certainly, it also presupposes
a substantial understanding of the social background, the cognitive and socialemotional development of the learners of different ages (cf. Podolskiy, 1997). That
means, teachers should be aware of their students’ individual differences of learning
capabilities and they should plan and realize instruction based on this consciousness.
In addition, teachers should also know how to assist their students in learning to
learn and gain self-responsibility and autonomy (İşman et al., 2002). The adaptation
of teaching strategies and methods to the learners’ individual differences is a topic of
Universal Instructional Design.
Universal Design for Learning
The term Universal Design for Learning (UDL) is attributed to Rose, Meyer and
colleagues at the Center for Applied Special Technology (CAST). Originally, the
concept of universal design goes back to Mace (1988), who used this term in the
field of architecture to make physical spaces accessible and usable by all people,
including particularly individuals with disabilities (see also Mace, Hardie, & Plaice,
1991). Subsequently, the concept of universal design was also applied in the field
of education and impacted particular pedagogical initiatives, such as inclusive
education.
In 2001, the US Congress passed the No Child Left Behind Act, which required
that all children, including those with disabilities, attain proficiency on state
achievement standards and assessments (20 U.S.C. § 6301). A couple of years
before, the UNESCO Salamanca declaration (1994) formulated the basic principle
that schools must be accessible to all children independently on their psychical,
intellectual, social, emotional, lingual, and other abilities. This principle explicitly
includes disabled and talented children as well as those belonging to cultural or
ethnic minorities. In 2009, the United Nations finalized the Convention on the
Rights of Persons with Disabilities and obliged the undersigned nations to establish
an inclusive education system in which collective education of students with and
without a disability should be the normal case. However, in several countries there
is a gap between constitutional laws and practice.
For example, Article 43 of the Constitution of the Russian Federation guarantees
the right of every individual to education. The Federal Law on the Social Protection
of Disabled Persons stipulates that the government must provide all disabled people
with the necessary conditions to receive a basic primary, secondary, or higher
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professional education in accordance with needs and abilities of each disabled person.
Disabled children and young adults have the right to be educated in a mainstream
school setting with their peers (Iarskaia-Smirnova & Romanov, 2006). However,
according to a status report by Alehina et al. (2014), the reality shows a different
picture. The authors conclude that education policy makers still have a lot of work
regarding the inclusion of children and adolescents with disabilities in Russia.
More recently, a report by Human Rights Watch (Mazzarino, 2015) states: “If
you are a child living with a disability in Russia, there is a significant chance
that you will not receive a quality education or even any education at all. Many
of those who do receive an education are segregated from other children at
special schools for children with disabilities, often far away from their families
and communities” (p. 1). The report includes a number of recommendations
to the Russian government to provide access to education for all children
with disabilities in line with the UN Convention on the Rights of Persons with
Disabilities. Among others, the report recommends to ensure that programs of
inclusive education achieve a maximum incorporation in mainstream schools and
support the development of a culture of inclusive education in schools. Asking
for an expansion and implementation of the Road Map for promoting inclusive
education in the general education system is combined with the request to develop
universal design for accessible environments in mainstream schools for children
with various types of disabilities.
Actually, the approach of Universal Design for Learning seems to correspond
perfectly with the idea of inclusive education. Rose and Meyer (2002) consider UDL
as a new paradigm for teaching, learning, and assessment that calls for proactive
design of accessible and usable standards, curricula, instructional methods and
materials, and assessments in order to include individuals with different backgrounds,
learning styles, abilities, and disabilities in widely varied learning contexts. While
UDL originally addressed the area of remedial and special education (cf. Artiles
et al., 2007; Pisha, 2001), it advanced to a universal approach in the literal sense of
“universal as applicable everywhere and in all cases.”
In today’s dynamic, diverse classrooms, Universal Design for Learning (UDL)
offers all educators and students an exciting opportunity to use strategies and
technologies that bridge the gap in learner skills, interests, and needs. By
accommodating students’ different learning styles, UDL is able to transform
instruction into a more engaging, meaningful experience. (Van Roekel, 2008,
p. 1)
The UDL framework values diversity through the proactive design of an inclusive
curriculum, thereby eliminating or reducing barriers to academic success. However,
universal access does not just happen but rather presupposes the organization of
learning environments in which access is equitably provided to everyone at the same
time. The UDL framework is based on general pedagogical principles correlated
with the program of inclusive education.
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Principles of a UDL pedagogy
1. Create a welcoming classroom,
2. determine the essential components of a course,
3. communicate clear expectations,
4. provide constructive feedback,
5.	explore the use of natural supports for learning, including technology, to
enhance opportunities for all learners,
6.	design teaching methods that consider diverse learning styles, abilities, ways
of knowing, and previous experience and background knowledge,
7.	create multiple ways for students to demonstrate their knowledge, and
8.	promote interaction among and between faculty and students.

(Higbee, Chung, & Hsu, 2004, p. 14).
From the perspective of instructional design, especially the design and
development of diverse teaching methods and materials constitute the fundamental
basis of UDL. It has been argued that students can benefit from the opportunity to
learn with material in multiple ways. Many students prefer learning through visual
and interactive means rather than by listening to lectures and reading a text (Higbee,
Ginter, & Taylor, 1991). Actually, proponents of UDL often recommend to match
alternative teaching styles with the learning styles of students. This can be illustrated
with CAST’s philosophy of UDL that emphasis three core principles:
• Principle 1: Provide multiple means of representation to give learners various
ways of acquiring information and knowledge.
• Principle 2: Provide multiple means of expression to provide learners alternatives
for demonstrating what they know.
• Principle 3: Provide multiple means of engagement to tap into learners’ interests,
challenge them appropriately, and motivate them to learn.
According to these three UDL principles, each area of the school curriculum should
provide multiple, varied, and flexible options for representation, expression, and
engagement. This can be done by means of different instructional methods, which
complement the UDL principles (see Table 5.6).
On its website (http://www.udlcenter.org/aboutudl/whatisudl), the National Center
on Universal Design for Learning explicates that the purpose of UDL curricula is not
simply to help students master a specific body of knowledge or a specific set of skills,
but to help them master learning itself—in short, to become expert learners. From
the UDL perspective, expert learners are resourceful and knowledgeable, strategic
and goal-directed, purposeful and motivated – in other words: expert learners are
able to assess their own learning needs, monitor their learning progress, and regulate
and sustain their interest, effort, and persistence in accomplishing learning tasks.
Designing curricula using UDL principles allows teachers to overcome potential
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Table 5.6. Instructional methods that complement UDL principles
(Jiménez et al., 2007, p. 47)
UDL
principles

Method and Definition

Example

Multiple
means of
expression,
presentation,
and
engagement

Differentiated Instruction
Differentiate content – what
students learn; process – how
students learn; and product
how students demonstrate their
knowledge.

Teacher uses graphic organizers
to scaffold students’ writing when
teaching them the process of writing
a paragraph.

Multiple
means of
expression
and
engagement

Cooperative Learning
Students work together in small
groups, tapping one another as
source for learning.

Small groups of students research
a select planet and develop a short
paper, model, and Powerpoint
presentation.

Multiple
means of
presentation
and
expression

Recicprocal Teaching
Involves small group dialogues
between teachers and students
around text; reviewing
comprehension strategies.

Students use Thinking Reader to read
assigned text before participating
in small group dialogies. Thinking
Reader provides adjustable font size,
hyperlinked definitions, text-toaudio capacity and computer assisted
support to learn comprehension
strategies.

Multiple
means of
expression,
presentation,
and
engagement

Thematic Teaching
Lesson instruction is dentered on
a particular theme that transcends
various content areas.

As a science project, students
conduct an archeological dig for
dinosaur fossils in a local playground
using tools and artifact recovery
methods while studying the unit “Our
World Long Ago.” Students write/
draw about their experience and/or
present an oral presentation.

Multiple
means of
presentation
and
engagement

Community Based
Instruction
Experiences with the community
that apply concepts or skills
learned in the classroom.

Students visit local hospitals, police
and fire departments when studying
“Community Helpers.”

Note. Each method can potentially reflect all three components of UDL to varying degrees.

barriers that could prevent their students from successful learning. From the view to
the UDL center, four interrelated components of curriculum design must be taken
into account: Goals, methods, materials, and assessment.
• The goals of curriculum design correspond with learning expectations and refer
to the knowledge and skills to be acquired by the students. In accordance with
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the remedial characteristics of UDL, goals and expectations should be connected
with individualized education programs.
• Methods are defined as the instructional strategies used by teachers to support
student learning. They should be evidence-based as well as flexible and adaptive in
order respond to the learners’ variability. The necessary adjustment of instructional
strategies and methods presupposes a persistent monitoring of students’ learning
progress and interactive decision making of teachers with regard to scaffolding.
• Materials are used to present content and learning tasks. Proponents of UDL
emphasize the application of multiple media options and digital technologies that
facilitate the individualization of learning. These technologies should contain
supports, scaffolds, and challenges in order to help learners understand, navigate,
and engage with the learning environment. However, the instructional material
to be designed must meet the needs of all learners independently on the use of
technologies or not.
• Assessment refers to the endeavor of gathering information about the process
and result of students’ learning activities. According to the mission of UDL,
assessments are particularly concerned with measuring the learners’ knowledge,
skills, and motivation.
Overall, these four components of curriculum design within the realm of UDL
correspond with traditional ID models, such as the Dick-Carey model (as depicted in
Figure 3.2), as well as with the Berlin model of didactics (as depicted in Figure 5.8).
By now, the approach of UDL is set to be universal to such an extent that its
original incitement regarding inclusive and remedial education runs the risk of
getting lost.
Summary
Principally, there is no difference between the core and scope of instructional
design and of didactics and most models developed in both areas are similar.
Actually, traditional ID models correspond to a great extent with models of
learning-oriented and systemic didactics. In contrast to instructional design,
which is also applicable at teaching and training, didactics is focused, in the
most instances, on teaching by teachers in face-to-face learning environments.
Epistemic beliefs of teachers explain their understanding of teaching, which
often is transmitting content to a student. As it is known, students are different
by having different learning styles and learning capacities. Therefore, teaching
should meet the individual requirements of students.
In the German didactic tradition models of instruction have been developed
to best plan instruction educate the educators. The Theory of Bildung and
later the critical-constructive didactics by Klafki (1958) and the Berlin Model
of didactics by Heimann (1962) are the most prominent models. Whereas
the first focuses on the value of the content to be taught, the later asks rather
209

CHAPTER 5

how goals and content can be transformed with methods and media to best
meet the learners needs. Lately, Zierer (2012) suggests an eclectic model of
didactics, which corresponds partly with ADDIE and several didactical models.
Rose and Meyer (2002) consider UDL as a new paradigm for teaching,
learning, and assessment that calls for proactive design of accessible and usable
standards, curricula, instructional methods and materials, and assessments in
order to include individuals with different backgrounds, learning styles, abilities,
and disabilities in widely varied learning contexts. The four components
of curriculum design of UDL (goals, methods, materials, and assessment)
correspond with traditional ID models, such as the Dick-Carey model, as well as
with models of German didactical traditions.
Adjunct questions
Q 5.6: Can instructional design be applied in teaching and planning at schools?
Q 5.7: Explain the critical-constructive didactics by Klafki.
Q 5.8:	
Discuss several points to distinguish the Klafki approach of criticalconstructive didactics and the Heimann approach of the Berlin-Model.
Q 5.9:	Following the supply-and-use model of instruction by Helmke’s (2009),
how could you explain roots for successful school learning?
Q 5.10: What are the three core principles of UDL?
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