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PREFACE

This book is a product of passion for the field and a lot of hard work. The process of writ-
ing it has left us once again in awe of the breadth and complexity of the field of instruc-
tional design (ID). We have attempted to describe in some detail the ID knowledge base,
reviewing its broad theory base, the research that supports this theory (noting the lack of
research in some instances), and how all of this translates into ID practice. We anticipate
that it will be read and used primarily by ID scholars and advanced graduate students. At
the same time, we hope that practitioners will be able to use this book as a basis for mak-
ing and justifying the many decisions they face in the course of an ID project.

KEY ELEMENTS OF THE BOOK

We define the ID theory base quite broadly. As such, we address the foundational theo-
ries from other disciplines, as well as those which have been constructed by ID schol-
ars. We present a range of theoretical positions including time-honored and modern
interpretations of theory long recognized as instrumental in shaping ID practice. For
example, communication theory has always been considered important, but what is
communication from a constructivist point of view? We also discuss theory that is not
always thought of as foundational to ID, such as social learning theory.

This book was also written with the assumption that a theory stems not only from
research and theorizing, but also from the philosophical orientations of its community
of advocates. Therefore, we have also explored the underlying philosophical positions of
each theory cluster. For example, we explain how some early theorists considered gen-
eral systems theory a philosophy of nonlinear thinking.

Research is also critical to the theory discussions in this book. We recognize the basic
empirical support from which a theory was formed, and explore in more detail the stud-
ies that attempt to validate the ID applications of these theories. Finally, we suggest some
new research that we think would contribute to the application of these theories in a
variety of design settings.

xvii
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In addition to this book’s emphasis on theory, it is filled with descriptions of ID prac-
tice that is rooted in theory. Examples of current and emerging practice are both dis-
cussed. For instance, we discuss how social networking tools are used in constructivist
ID.

Finally, we have attempted not to simply describe and explain the theoretical founda-
tions of ID in this book, but to synthesize the information from each of these theories
into an instructional design knowledge base. This knowledge base takes the form of a
multifaceted taxonomy that we hope will serve as a guide to understanding ID practice
while guiding future ID research and theory development.

This book is based upon an extensive review of the literature. At the end of each chap-
ter we provide a concise summary of each theory base and its elements that contribute
to the knowledge base. In addition, there is a full glossary of terms to further aid your
understanding of these many complex concepts.

OVERVIEW OF THE BOOK

This book consists of an introductory chapter, a discussion of eight theory bases, and a
description of the final knowledge base. Below we describe the ten chapters that com-
prise the main body of the book.

Chapter 1, “The Dimensions of an Instructional Design Knowledge Base”, explores
the nature and scope of instructional design, as well as the characteristics of knowledge
bases in general. It examines the role of theory and models in a knowledge base, and
introduces the six major domains of the ID knowledge base.

Chapter 2, “General Systems Theory”, discusses one of the foundational ID theory
bases through an examination of the major elements of systems theory and the systems
approach, its most common application in the field of ID. In addition, this chapter iden-
tifies and describes new trends in systems analysis and systems synthesis.

Chapter 3, “Communication Theory”, presents the evolution of communication
models from the classic work of Shannon and Weaver to current constructivist views
of the communication process. The impact of communication theory on ID is explored
in terms of the role of language, the communication channel, and the attention-getting
properties of messages. The unique role of mediated communication and culture are
also explored.

Chapter 4, “Learning Theory”, examines the classical views of behavioral and cogni-
tive learning, as well as social learning theory. Not only are the basic tenets of each of
these theory clusters described, but examples of the many ways learning theory impacts
ID are also discussed. This discussion includes recent applications of learning theory,
such as contextual analysis.

Chapter 5, “Early Instructional Theory”, focuses on the contributions of the early
scholars of curriculum and instruction (e.g., Ralph Tyler), individualized instruction
(e.g., Benjamin Bloom), and cognitive approaches to instruction (e.g., Jerome Bruner).
Such work has had an enormous impact on ID, including identifying and sequencing
behavioral objectives, and the management of instruction.

Chapter 6, “Media Theory”, provides an overview of the role of media in the learn-
ing process—how it represents reality, provides structure, and creates entire learning
environments. This chapter also includes a full discussion of the various approaches to
media selection and media use.
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Chapter 7, “Conditions-Based Theory”, highlights the key principles that distin-
guish conditions-based theory and it emphasizes the work of the theory’s major schol-
ars, Robert Gagné and David Merrill. This chapter also addresses the ways in which
conditions-based theory is currently being refined and developed, such as through the
design of instruction for complex learning and problem solving.

Chapter 8, “Constructivist Design Theory”, explores the ways in which constructivist
philosophy influences instructional design by examining its three key principles. Then
we discuss the manner in which these principles impact the various facets of the ID
process. This discussion also includes an exploration of how constructivist thinking has
reshaped ID processes and models.

Chapter 9, “Performance Improvement Theory”, centers on the issues facing design-
ers who focus on enhancing individual and organizational performance. Five basic per-
formance improvement models and three approaches to evaluation are described. The
performance improvement orientation to ID is explored in terms of competency devel-
opment, analysis, intervention strategies, transfer of training, and evaluation.

Chapter 10, “A Taxonomy of the Instructional Design Knowledge Base”, concludes
this book. We first discuss the general nature of taxonomies and then describe how we
consolidated the vast array of information presented throughout this book into a tax-
onomy of ID. Finally, we present taxonomies for the six domains of the field and discuss
how they can be used by practitioners and researchers.

In this book we have tried to describe the very complex intellectual base of instruc-
tional design, and at the same time describe the diverse approaches to ID practice that
reflect this foundation. The theory-research-practice interactions are included through-
out. In addition, we are making a call for continued empirical work to support these
and future applications of ID theory. Perhaps you will be encouraged to undertake such
research or perhaps the formation of new theory that others may write about.

Rita C. Richey James D. Klein
Monica W. Tracey Tempe, Arizona
Detroit, Michigan



ACKNOWLEDGMENTS

We have stood on the shoulders of many scholars while writing this book. Two of the
people whose insightful work have shaped our thinking and in turn this book are Pat
Smith and Tim Ragan. As we go to press, the ID field has been saddened by the passing
of our good friend Tim. We want to thank Pat and Tim for their contributions to ID and
to this book. Their influence goes on.

There are other “giants of the field” whose presence is felt in this book as well, and
we thank them for their years of dedicated work. (If we started a specific list, we would
invariably leave someone out. So, the better part of valor is to be mercifully general.)

We also owe our great appreciation to others who have helped bring this project to
fruition, including the students who “tested” chapters in their classes, and Sara Kacin
and Kelly Unger who were involved in literature searches. Family members often pro-
vided more than moral support; Jayne Klein and Leslie Klein lent their time and com-
puting skills to many tables and figures, and Charles Elder provided frequent solicited
and unsolicited opinions. Finally, James Quinn used portions of the book in his teaching
and provided very important input. This book is much richer due to all of you.

As usual, the staffs at Routledge and Taylor & Francis have been of invaluable help
during the course of this project. Special thanks to Sarah Burrows, who helped bring this
project into existence, and to Alexandra Sharp and Alex Masulis, who have helped us end
it. We also thank the reviewers who gave generously of their time, and whose work, while
masked in anonymity, did so much to shape the final product.



1

THE DIMENSIONS OF AN INSTRUCTIONAL
DESIGN KNOWLEDGE BASE

Instructional design (ID) today is an established profession, as well as an area of study.
As a profession, it consists of a series of well-defined competencies, and an active group
of practitioners who work in increasingly complex and sophisticated environments. As
an area of study, it has a rich and growing foundation of research and theory viewed
from increasingly diverse points of view. Both the practice and the study of ID can be
seen in two ways: as strategies for creating particular products and as the implementa-
tion and management of the overall design process. In either of these orientations ID is
a planning process. As such, it is distinguished from development processes, the actual
production of instructional materials.

The immediate precursors of this field were research and development of training
materials produced during World War II and the programmed instruction movement
(Reiser, 2007a). However, the ID field did not emerge in a formal sense until the 1960s
in higher education settings, even though the term “instructional design” was not typi-
cally used until the 1970s. Instead many designers thought of themselves as educational
psychologists, media specialists, or perhaps training designers (Dick, 1987). Since the
1980s, the preponderance of ID practice has occurred in the private sector, primarily in
business and industrial settings. However, designers also work in government and mili-
tary settings, health care, P-12 schools, and even in nonprofit and community settings.
Correspondingly, there are hundreds of academic programs that educate and train these
professionals.

Designers work with all types of instruction, including employee training workshops,
online and web-based instruction, and train-the-trainer programs. Moreover, in the
current milieu, instructional designers also deal with noninstructional interventions
created to solve workplace problems for which training is not the appropriate solution.

This book is not about how to design instruction, but rather it explores the intellec-
tual foundations of the ID field, its knowledge base. We will consider the wide range of
ID theoretical and conceptual foundations that currently shape the field. In doing so,
we will examine eight clusters of theories, the underlying philosophical orientations of
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each, the evolution of such thinking, and the research which supports these theories. In
addition, we will explore the traditional and emerging applications of each theory to ID.
Before we begin this task, however, we will discuss:

* The dimensions of ID; and
+ The nature of disciplinary knowledge bases, including the role of theories and
models.

INSTRUCTIONAL DESIGN: AN OVERVIEW

ID, even though it is an established field, is at times viewed from various perspectives. In
this section we will first examine alternative definitions of ID and then present the one
that we are using here. In addition we will explore the scope of the field and its major
areas of concern.

The Definition of Instructional Design

ID has been defined over the years in a variety of ways. Most of the definitions high-
light process. Smith and Ragan’s (2005) definition fits into this genre, although theirs
is quite generalized. To them, ID is “the systematic and reflective process of translating
principles of learning and instruction into plans for instructional materials, activities,
information resources, and evaluation” (p. 4). This definition emphasizes ID’s scientific
foundations and the range of products emanating from ID projects. The vast majority
of process-oriented definitions, however, are closely tied to the traditional instructional
systems design (ISD) process (i.e., analysis, design, development, implementation, and
evaluation). Dick, Carey, and Carey (2009) simply say that ID is ISD. While others may
not be as direct, in essence they are agreeing with this approach (see Morrison, Ross, &
Kemp, 2007; Piskurich, 2006; Seels & Glasgow, 1998 for example).

One exception would be Reigeluth (1983), who interprets ID as a facet of instruction,
“the process of deciding what methods of instruction are best for bringing about desired
changes in student knowledge and skills for a specific course content and a specific stu-
dent population” (p. 7). Reigeluth’s orientation accentuates strategy selection and de-
emphasizes the analysis phase; it is also less compatible with the current emphasis on non-
instructional interventions. Nonetheless, here too design is viewed as a planning activity.

Some ID definitions stress function more than process. Gustafson and Branch (2007)
say that “Instructional design (ID) is a systematic process that is employed to develop
education and training programs in a consistent and reliable fashion” (p. 11). Piskurich
(2006) posits that “Instructional design stripped to its basics is simply a process for help-
ing you to create effective training in an efficient manner” (p. 1). Another function-
oriented interpretation of ID is presented by Reigeluth (1983). He describes ID as “a
body of knowledge that prescribes instructional actions to optimize desired outcomes,
such as achievement and affect” (p. 5).

In spite of the alternative emphases of these various definitions, we believe that there
would likely be little fundamental disagreement among these scholars as to the essential
nature of ID. We presume that most would agree with Smith and Ragan’s (2005) posi-
tion that “Design is distinguished from other forms of instructional planning by the level
of precision, care and expertise that is employed in the planning, development, and
evaluation process” (p. 6). In keeping with this position, we think:
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ID is the science and art of creating detailed specifications for the development, evalu-
ation, and maintenance of situations which facilitate learning and performance.

The Scope of Instructional Design

ID encompasses a broad range of activity from analysis through evaluation. It includes
the initial planning steps in a project and often works through the creation of proce-
dures that ensure the continued operation of the intervention. At times, design tasks are
blurred with development tasks. Some designers write materials such as trainer’s guides,
work sheets, or job aids. While they typically make media selection decisions, they
seldom produce the final piece of mediated instruction. Even though many view evalu-
ation as a separate activity, designers typically write test items and collect performance
data. They also often conduct evaluations of existing products. While designers are
intimately concerned with the delivery of instruction, they are not necessarily teachers
or trainers.

To many designers, ID processes are almost synonymous with the various design
phases. But ID knowledge (and consequently the entire knowledge base) addresses more
than the procedural steps in these phases. ID knowledge relates to a wide variety of top-
ics that impact many parts of the design process. We picture the ID knowledge base as
relating to the following six content domains:

+ Learners and Learning Processes;

+ Learning and Performance Contexts;

+ Content Structure and Sequence;

+ Instructional and Noninstructional Strategies;
+ Media and Delivery Systems; and

* Designers and Design Processes.

These topics cover the most critical ID concepts, processes, and research.! Design is inti-
mately involved with learning and with learners. The arrays of instructional and nonin-
structional strategies are often dependent upon our understanding of how people learn
and perform and how their backgrounds impact learning and performance. Design
processes are also dependent upon the nature of the content, the type of learning envi-
ronment, and the many media and delivery options that can be incorporated into a
particular design. Moreover, design processes are impacted to some extent by the char-
acteristics of the designers themselves.

These domains encompass a broad array of specific elements that play a role in ID.
Learning contexts, for example, refer to instructional settings as well as organizational
climates. Each domain impacts the traditional design phases in multiple ways. These
domains, however, are not distinct unto themselves, and in many cases they overlap.
Figure 1.1 portrays a view of the major domains of the ID knowledge base.

1 While evaluation is usually considered a part of the instructional design process, we are viewing the general
field of evaluation as a separate area of research and practice, one upon which designers draw as they do
their work. We discuss evaluation topics at various points in this book, but do not view it as a distinct ID
domain.
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Figuré 1.1 The Domains of the Instructional Design Knowledge Base.

Throughout this book, we will build on this framework as we explore the ID knowl-
edge base in detail. We will identify the many elements of IID and thereby expand these
domains through an investigation of the major sources ot ID knowledge.

THE CHARACTERISTICS OF A KNOWLEDGE BASE
In this section we will discuss knowledge bases in general, beginning with an examina-
tion of what a knowledge base is from our point of view. Theory is a principle comnpo-
nent of any disciplinary knowledge base, and we will describe the various types of theory
and their uses, However, in the ID field many types of models also dominate thinking.
Consequently, we also explore the nature of models here.

The Nature of Disciplinary Knowledge
&

In the simplest interpretation, a knowledge base is what a field has learned about itself
over time. As such, a knowledge base is always growing and is never static; there is an
evolutionary quality to it. A knowledge base is dependent upon the collective ingenuity
of those who have worked or studied in a field. Knowledge bases can also be influenced
by the advancements in other related disciplines and professions, since fields are sel-
dom isolated entities. Finally, knowledge bases are infused with the problems and issues
that have defined a field throughout its history, and by the various positions taken with
respect to these issues.

The Components of a Knowledge Base

In simpler and more concrete terms, Lundvall and Johnson (1994) see knowledge bases
as consisting of four components:
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Know-what;
© Know-why;
+ Know-how; and
+ Know-who.

This view can be applied to ID knowledge. Design consists of factual knowledge relating
to many topics, such as the definitions of a mental model or a learning hierarchy. The
knowledge base also consists of scientific knowledge, such as information processing the-
ory or findings from current brain research and their implications for formal learning,
The knowledge gained from research provides the rationale for solving design problems
in a given way. Designers, of course, have skills—how to perform the many tasks that
are part of ID. For example, they need to know how to conduct a task analysis or how to
construct a design document. Finally, designers (especially those with academic training
isnow of the people who have contributed to the ID field, and in turn to its knowledge
hase. For example, they would know of Robert Gagné’s contributions to the field

The cornponents of the ID knowledge base can be viewed in two vays: as theoretical
xnowledge and as practical knowledge. Wallace (1979) distinguishes these two concepts
m this way: “Theoretical knowledge has for its end the attainment of truth and that
alone, whereas pract1cal knowledgﬂ seeks rruth as a means to an end, so as to order it
to practice or operation” (p. 263). In other words, knowledge can be an end in itself, or
the end can be exemplary practice. These orientations, however, are not mutually exclu-

sive. Theories can be practical and applied as well as abstract, and practical knowledge
a1 be based upon theoretical knowledge. Wallace (1979) calls disciplines that are both
theoretical and practical the practice sciences. This is similar to John Dewey’s very early
“iscussion of “linking sciences”—those which connect learning theory and echatlonal
practice (Reigeluth, 1983, 1997).

In many respects, 1D falls into the category of a practice or a linking science. It seeks
ultimately to improve practice, and as such its knowledge base is shaped by practitioner
cxperience, as well as by theory and its foundational research. At times it seems there are
conflicts between experience and theory, and these discrepancies have challenged many
designers. One way of dealing with such discrepancies is to heed Kaplan’s (1964) insight
that we learn from experience rather than by experience. Experience pius reflectivii then
creates the lessons that become part of the ID knowledge base. :

Alternative Views of Knowledge
This knowledge base discussion thus far addresses what kind of knowledge is appropri-
ate, but one can also examine knowledge bases in terms of the way such information is
synthesized. Diesing (19591) suggests that there are three types of knowledge:

(1) systems of laws which describe interconnected regularities of society; (2)
descriptions, from the inside, of a way of life, community, person, belief system, or
scientific community’s beliefs; (3) structural models, mathematical or verbal, of
dynamic processes exemplified in particular cases. (p. 325)

These three orientations to knowledge imply various methods of inquiry: traditional
quantitative research and theorizing, qualitative research and participant observations,
and model building. All of these methodologies are seen in the ID literature. These



6 « The Dimensions of an 1D Knowledge Base

alternative approaches to inquiry. also reflect alternative views of the nature of knowl-
edge and truth that have dominated the philosophy of science over the years.

In the first half of the twentietl: century there was a common adherence to the tenets
of logical empiricism or logical positivism. This thinking relied upon the value of sensory
data as a means of determining truth. It eschewed descriptions of the external world that
emphasized “the essence of things” (Deising, 1991, p. 4); it avoided any study of reality
that was not based upon empirical observation and verification. The ideal products of
such inquiry were universal generalizations. However, because such thinking discounted
the impact of culture, history, and individual characteristics, it ultimately lost general
support. Post-positivists recognized the role of these factors, but they still valued the
power of empirical cbservation and conditional generalizations. Diesing’s emphasis on
systems of laws describing societal norms is consistent with this latter orientation.

On the other hand, the hermeneutic approach to science “does not require detach-
ment or neutrality of the scientist. It required involvement, even participation in the cul-
ture of the author” (Diesing, 1991, p. 122). This orientation views knowledge as specific
to an individual rather than generalized to a large population. Knowledge is a function
of what the individual already knows. Inquiry then involves a study of actions in con-
text. Researchers determine meaning through dialogue with “informants”. This leads to
Diesing’s second type of knowledge: inside descriptions of particular beliefs, The herme-
neutic scholar is “skeptical of aggregate data; he observes that quantitative measureinent
is based on a preunderstanding of shared meanings” (Diesing, 1991, p. 145). Ultimately,
the concern with “shared meanings” can lead to doubts in the value of any generaliza-
tion. This position continues to create CORroversy.

The emphasis on models (Diesing’s third view of knowledge) evolved out of pragmatic
approaches to problem solving and operations research. It also reflected the applied sci-
ence orientation to knowledge. Knowledge should be configured in such as a way so that
it is useful in solving daily problems. It also reflects approaching complex situations by
breaking them into small parts and describing one part at a time. Again, this approach
emphasizes quantification (Diesing, 1991).

All of these ways of viewing and presenting knowledge are evident in the ID literature.
Over time, some views have been more dominani than others, but the ID knowledge
base reflects all interpretations of the meaning of truth. It includes a wide variety of
theories based upon multiple types of research and many models. Since many scholars
have argued that the existence of multiple approaches to research and multiple views of
the world are essential to the growth of science, ID is in good stead.

The Nature of Theory
\ theory, according to Hoover and Donovan (1995) is “a set of related propositions that
ttempts to explain, and som.etimes to predict, a set of events” (p. 69). However, Kaplan
1964) provides a valuable insight: “the formation of theories is not just the discovery of
hidden fact; the theory is a way of looking at the facts, or organizing and representing
1em” (p. 309). It involves more than observation; it “calls for the exercise of creative
nagination™ (p. 308).

Types of Theory

he Hoover and Donovan definition implies a theory with a formal, rather narrative
vle. There is much in the literature called “theory” that is not written in proposition
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form. This is especially true of current 1D theory. Many scholars and philosophers of.
sclence recognize varying types and levels of theory. Snow (1973), for example, identi-
fies six levels of theories progressing from formative hypotheses to a formal axiomatic
theory. The goal of each is an empirically-based explanation of events that clearly identi-
fies all relevant variables and their relationships.

A common view, however, is to categorize theories as being either inductive or deduc-
tive, reflecting the way in which they were constructed. Inductive theories consist of
general verbal statements that ideally describe and explain the critical phenomena. These
statements are made after examination of a series of particulars, usually data about the
way a small group of individuals behave.

For example, assume you are going to construct a proposition related to the effects
of mediated instruction. You would review the literature for research results relating to
this topic. Perhaps you would find results relating to the use of online instruction, older
computer-assisted instruction, or a variety of other media. You would conduct your own
research to address gaps in the literature. A general proposition would be constructed by
integrating the findings from the various studies. This one proposition might becone
part of a more comprehensive inductive theory concerning media effects.

The ideas that inspire the hypotheses of underlying research frequently come from
other theories. This has been especially true with ID. In addition, hypotheses are based
upon theoretical concepts which are not yet organized into theoretical frameworks but
are prominent in the thinking and research of the discipline. Once tested, these con-
firmed hypothesesalso contribute to an inductive theory. This theory would then require
extended verification and testing using new sets of data, followed by replication.

Deductivetheories, on the otherhand, are constructed using deductivelogic. Deductive
thinking involves the development of additional propositions by logically deriving them
from a series of gencral assumptions. Typically, these assumptions are grounded in
empirical data and have been confirmed through a testing and validation process. The
deductive phase involves movement from general to specific thinking. Blalock {1969) is
one of many who caution thar all theory, inductive or deductive,

- .. must be grounded in empirical data. It would be highly misleading to suggest that
theories.are first arrived at by a deductive process and then tested. The actual process is
much more fluid than this and undoubtedly always involves an inductive effort. (p. 8;
emphasis in the original) ’

Zhao (1996) notes the popularity of theory and theory construction in the late 1960s and -
1970s and then the subsequent movement from searching for general laws to a search for
the conditions under which phenomena occurred. This coincided with recoguition of meth-
odological pluralism in theory construction. Many approaches to theory building are now
acceptable, as long as the concepts and the relationships between them are clearly defined,
and the propositions are testable. However, empirical testing was and still is the critical fac-
tor since “the difference between a good hunch and a good theory lies in the fact that while
the former is based on intuition, the latter on empirical evidence” (Zhao, 1996, p. 316).

Functions of Theory
Theories, regardless of their form, serve a variety of functions. Again Hoover and
Donovan (1995) have described these succinctly. They cite four major uses of theory in
social scientific thinking: '
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1. Theory provides patterns for the interpretation of data.
2. Theory links one study with another.
3. Theories supply frameworks within which concepts and variables acquire special

significance.
4. Theory allows us to interpret the larger meaning of our findings for ourselves and

others. (p. 40; emphasis in the original)

Thus, theories are useful. They provide the structure through which one’s interpre-
tation of complex activities can be verified. Littlejohn (1989) concisely describes the
use of theories: “The first function of theory is to organize and summarize knowledge”
(p.21). Thisis important to a field such as ID which encompasses such a broad spectrum
of study and is applied to many diverse settings.

Hoover and Donovan’s general definition of “theory” speaks to an overall explanatory
role. The basis, however, of such explanation is description. Often the research which
formns the foundations for construction of propositions is of a descriptive nature. Dubin
(1969) asserts that “the more profound the descriptive knowledge, the better the theory
1s likely to be” (p. 237). Thus, descriptive research is critical to a knowledge base. It can
lead to descriptive and explanatory theory.

For many scholars, the ultimate role of theory is that of a predictor of events. This,
however, requires a sophisticated level of development which is difficult to achieve for
theories related to human behavior where there is typically a high degree of uncertainty.
Moreover, there are those who question whether prediction is even possible in areas
related to human learning which are governed by social factors and individual differ-
ences (Jonassen, Hennon, Ondrusek, Samouilova, Spaulding, Yueh et al., 1997). Others
welcome these complexities in the effort to improve existing theory and devise new pre-
dictive theory at the same time. '

The Nature of Models

Models have been equated with theories in some literature, but we are separating the
two concepts here. Various types of models are used in 1D praciice, and they can serve
an important role in theory construction as well. In all cases, however, the term “model”
implies a representation of reality presented with a degree of structure and order, and
models are typically idealized and simplified views of reality.

Harre (1960) identified two kinds of models: micromorphs and paramorphs.
Micromorphs are physical, visual replicas, such as a computer simulation or a scale
model of a large object. Paramorphs, on the other hand, are symbolic models, typically
using verbal descriptions. As Harre (1960) notes, the simplest example of a paramorph is
the verbal analogy. The more common paramorphs can be categorized zs either:

*  Conceptual models; '
*  Procedural models; or
* Mathematical models.

A conceptual model is the type most likely to be confused with theory, as it is a gen-
eral, verbal description of a particular view of reality. Conceptual models are usually
more abstract than theories that deal with more specific concepts and propositions
(Fawcett, 1989). Typically, they are not truly explanatory, but the relevant components
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are presented and fully defined. A conceptual miodelis a product of synthesizing related
research; it is more likely to be supported by experience, or only limited amounts of data.
s ceptual models are analytic in nature. They typically describe the relevant events
based upon deductive processes of logic and analysis, as well as inferences from observa-
iions. Conceptual models, like theories, are usually general and context-free,

Taxonomies are conceptual models. Another example from the ID field would be
Jale’s (1946) Cone of Experience. (See Chapter 6.) This is a diagram which portrays the
relationships between various media in terms of their proximity to reality and as a con-
snuum from concrete to abstract. However, conceptual models can be totally narrative,
e at times are called “conceptual frameworks”. These models can facilitate research,
anid can serve as the intellectual framework for theory development. Moreover, Fawcett
1989 suggests that all theory is dependent upon preexisting conceptual models.

fvocedural models are more straightforward. They describe how to perform a task. In
wiJ such steps are usually based upon the knowledge of what creates a successful product.
i'his knowledge is usually either experience-based or it is derived from another related
ineory or model. Procedural models often serve as guides to the solution of specific
~~oblems. While most procedural models are verbal, they may be visual as well. A pro-
c2ss flowchart would be a good example of a visual procedural model. The most com-
mon procedural models in ID, however, are the instructional systems design models
that prescribe the steps that shouid be followed in a design project. Ideally, procedural
models would be based upon a confirmed theory or at least evaluation data, rather than
v uvon experience-based knowledge.

ivlathematical models are equations which describe the relationships between vari-
215 components of a situation. By applying data from new situations to a mathematical
: i one can simulate the results. To devise a precise formula, one must have a great
(i oi data from similar situations, so that the exact relationships can be determined.
vatiematical models can play several roles. The typical function is to reflect the tenets
~tlery ina quantitative fashion. Thus, mathematical models become highly abstract,

~vea o3 they are highly precise. They are always dependent, however, upon a narrative
‘tescription for full explanation. There are few mathematical models currently relating
i0 1D, although mathematical modeling is an important method cf theory construction
i other social sciences, such as economics and political science.

FOUNDATIONS OF THE INSTRUCTIONAL DESIGN
KNOWLEDGE BASE

v~ siv (1) domains provide the structure for the ID knowledge base. These domains

» o {ully defined and explicated by the theoretical foundations of the field. ID relies
+11 theories and models from other disciplines as well as those which have evolved
& own history to complete' these definitions. As such, the ID knowledge base is
+i. o hisciplinary in nature. The theories from other disciplines that are most critical to
civdd are:

General Systems Theory;

= Communication Theory;
l.earning Theory; and
zatly Instructional Theory,
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For the most part, these theories were formed prior to the emergence of ID as a separate
field of study and as a profession, and most serve as ID’s intellectual ancestors.

Since ID became established in its own right, it has been developing its own theory
base. The most critical contributors to the ID knowledge base emanating from our own

scholars are:

»  Media Theory;

+  Conditions-Based Theory;

+  Constructivist Design Theory; and
+  Performance Improvement Theory.

We will explore each of these eight theory bases. In Chapter 2, we begin with an examina-
tion of general systems theory.
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GENERAL SYSTEMS THEORY

General systems theory (GST) is a key part of the theoretical fainily tree of instiuctional
design (ID). Traditionally, GST principles have shaped the direction and orientation
of most ID procedures. Conscious (or unconscious) adherence to this theory spawns
systemic and systematic thinking, both of which provide a basis for understanding and
solving a wide range of design problems.

The term “general systems theory” refers to one way of viewing our environment.
There are no formal statements of law, but rather a series of concepts and orienta-
tions which have been used by many disciplines to organize and show the relationships

between the various parts of the empirical world. GST has an interdisciplinary
orientation.

GST was rooted originally in Viennese blologlcal research and studies of the philoso-
phy of science. Weiss’s first descriptions of biological system theory were made in the
1920s after his butterily research led him to question whether studying isolated parts
of a complex organism was a reasonable approach to learning about the organism as a
whole (Drack & Apfalter, 2007). At approximately the same time through the study of
philosophy, Bertalanffy was making a case for an “organismic biology” and the theory of
open systems and steady states (Drack & Apfalter, 2007). This early thinking led to what
we know today as GST.

The summary of GST w‘uch follows is, in effect, an explanation of what a system is (in
general) and how it operates. These general concepts can then be applied to a wide range
of disciplines, including ID.

THE NATURE OF GENERAL SYSTEMS THEORY
Definitions and Types of Systems

There are many definitions of the term “system”. Although there are some variations
in emphasis, the definition proposed by Hall and Fagen (1975) is still useful: “A sys-
tem is a set of objects together with relationships between the objects and between their

11
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attributes” (p. 52). In other words, the human body 1s a system because it consisis of
many parts which relate to one another (i.e,, they are connected). A political partyisalsoa
system because it has many parts which work together (even though its operation is at
times considerdbiy less organized than the human body). A pile of leaves is not a system
since there are no connections between the individual leaves other than the fact that
they happen to have been swept into the same pile. They do not perform a function
together.

The concept of a system has been amplified further through the notions of open and
closed systems. A closed system 1s one which is isolated from its environment, while
an open systemn Is one which can interact with its environment (Bertalanffy, 1968). If a
member of Congress were to make voting decisions based entirely upon his or her own
notions without reading, without listening to the opinions of others, without talking to
constituents, this would be an example of a closed system. Once these many interactions
occur, the system would be opened.

Churchman (1964) proposes that the tru]y general system is closed and has “ultimate
stability” (p. 174); it can resist all chmges in the environment and therefore keep its
orlgm'll value. The system designer can enlarge (l.e., enemlxze) the e, system to accom-
modate any likely changes in the environment that can have detfitental effects on the
perforrnance of the system. If it were possible to predict all possible changes in the envi-
ronment the designer would have created a general system that is permanently closed.
He suggests, however, that this event is not likely to occur.

Open systems operate in such a manner that they demonstrate a phenomena
called the principle of equifinality. The principle of equifinality states that an open
system can reach its final state, or final goals, in a number of different ways, because
‘it can interact with its surroundings. Contrasting to this is a closed system in which |
the final state is absolutely determined by the initial conditions. Thus, there would
be no way tc make alterations in the system, to react to error. This reemphasizes the
importance of establishing processes in contrived systems in which interaction
1s established with the surrounding environment, or the elements of the related
suprasystem. '

Figure 2.1 provides an overview of a general system, iis structure, and some of the key
processes that are inherent in systems principles. It graphically shows the various parts of

a system and the relationships between these parts. Below, we describe the components
and processes found in a general system.

The Environment of a System

Hall and Fagen (1975) have described the environment of a system as “the sct of all
objects, a change in whose attributes affect the system and also those cbjects whose attri-
butes are changes by the behavior of the system” (p. 56). Miller (1978) expanded this
definition, differentiating between the immediate environment and the total environ-
ment of a system. Inherent in this distinction is the notion of a system also function-
ing as a part of a larger system, referred to as the suprasystem. The entire environment
would include not only the immediate environment, and the suprasystem (minus the
target system under consideration), but also all the larger systems at all higher levels.

Furthermore, Miller (1978) states:
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Figure 2.1 An Oveiview of a General System.

The relationship between a system and its environment is important. In order to sur-
vive, the system must interact with and adjust to its environment, the other parts of
the supra-system. These processes alter both the system and its environment. Itis not
surprising that characteristically living systems adapt to their environment and, in
return, mold it. The result is that, after some period of interaction, each in some sense
becomes a mirror of the other. .. (pp. 29-30)

The relationship and interaction between a system and its environment can be
generally described. There is a flow both inward and outward fromn the system into its
environment. :

* First, the environment provides the persons and objects which enter the system. The
quality of these elements will to a great extent determine the quality of the operation of
the system.

Second, the environment and the suprasystem establish the constraints upon the
system. An example would be an education or training system which relies upon an out-
side source for funding. Clearly, the extent to which this occurs constrains or facilitates
the system’s activities.

Third, the suprasystem receives the products of an open system. These products then
become a functioning part of the environment. They can thus influence the operation

of the suprasystem.

The Structure of a System

The structure within the system itself is also important. One can identify subsystems
within the target system. These are organized structures with identifiable, but more
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limited purposes and functions than the target system itself. Nevertheless, these sub-
systems have clearly identifiable parts and there are clear relationships between these
parts.

Miller (1978) has elaborated upon the distinctions between actual subsystems and
discrete components of a system. He emphasizes that mere structure does not character-
ize a subsystem. Rather, there must also be a process or role associated with the structure
" to be categorized as a subsystem. For example, within a specific instructional system
one might have a self-instructional learning device, such as a web-based instructional
program. This is a component of the system. However, if this system also had a function
in which web-based instructional pregrams were designed, developed, and evaluated,
then this facet would become not only a component, but also a subsystern of the larger
instructional system.

Thus, a system is, by nature, hierarchical (Laszlo, 1972). An understanding of the
complexities of a system and of those forces which affect the operation of a system is
dependent upon clear delineation of not only the target system, but alsc of an identifica-
tion of the environment, the related suprasystems, and the subsysterns. This is the case
for both natural and most contrived systems. A hierarchical system reflects the emphasis
on order in systems thinking, even amid diverse structures.

Cortes, Przeworski, and Sprague (1974) have described the role of a system’s struc-
ture. Structure, they say, is “an ordered set of interconnected operations performed by
the elements of a system™ (p. 8). It is the structure itsclf which dictates the function of
the system. _

This definition of structure is based upon an inherent assumption that a system is
composed of a series of related subsystems. That is, related operations are both compo-
nents and processes, and therefore subsystems. So to extend the definition, the ultimate
function of a system is necessarily determined by the component processes operating
within the target system. Thus, when analyzing a given system, one must be particularly
careful not only to identify all component subsystems accurately, but to relate these oper-
ations to the overall functioning of the system as a whole. For example, an instructional
designer analyzing a performance problem should examine the human and nonhuman
elements of the organization to identify how they relate to the causes of the problem.
While the specific elements of a system may vary, the overall organization or structure
of the system cannot vary without changing the fundamental purpose and nature of that

system (Cortes et al., 1974).

The Adjusting Properties of a System

Laszlo (1972) viewed the principles of self-stabilization and self-organization as part
of the basic systems constructs. Inherent in all open systems is the capacity to adjust
themselves to their environments. The primary manner systems stabilize themselves is
through the use of feedback. Feedback is information about the products of a system
which has been collected from the environment. Typically, the information relates either
to the strengths and weakness of these products, or to sources of error created by the
iystem. Feedback can be both positive and negative, although positive feedback is not
ways desirable and negative feedback should not always be avoided. The terms simply
lescribe the varying functions of feedback.

Negative feedback allows the system to function in a homeostatic fashion. It keeps the
ystem on course, and attempts to maintain a constant product. Furthermore, negative
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feedback attempts to maintain the same quality of responsc of the system to its enviren-
ment as was originally planned. For example, if an instructional system was designed
to teach children to read up to the fifth grade level, processes buiit into the plan would
provide remediation for those who were not at that level to assure that the system’s goal
would be reached. (Conceivably the systems would not have been designed to facilitate
progress beyond the fifth grade level in keeping with the system’s goals.) The processes
and procedures built into the system design to maintain a constant output are examples
of negative feedback.

Positive feedback, on the other hand, creates the mechanisms through which an open
system can be changed by interacting with its environment. This change can constitute
growth in the system, or it could destroy the system altogether. Here, Laszlo’s concept
of self-organization emerges. The system does more than adj#ust processes to maintain
a product of the same caliber as originally conceived. It%@%a’]‘lﬂy reorganizes itself and
develops a new response to the environment. This is an example of how systems and
their environments can grow to complement one another.

An example of positive feedback can be seen by looking again at the instructional
system designed to bring children Lo the fifth grade reading level. Let us assume that the
neighborhood around this school changes, and because of organized preschool experi-
ences many children have more advanced reading skills when they enter school than had
previously been the case. Positive feedback procedures in the system would allow the
curriculum to change. Certain sections of content would perhaps receive less emphasis
and new content would be added; the system’s goal would change to direct children to
a seventh grade reading level, for example. [t is no longer exactly the same instructional
system. Co

These types of systemn changes can be either good or bad; they can lead to progress,
or to self-destruction. Evaluating system changes often becomes a matter of values. In
anticipation of such dilemmas, some systems build mechanisms into the original design

which allow for conscious examination of questions, such as: v ook
oy 7:,\/\,"/\ i
= Has the system outlived its usefulness? ) PRI
+  Should one aitempt to maintain the original purpose, in spite of changes in the
environment?

» Should another system be designed which attempts to modify the environment?

Systems, although ordered, can still be dynamic. They can be continually responsive to
the evolution of organizations and societies.

The Philosophical Orientations of General Systems Theory

The study of GST and its specific applications is based upon a belief that much of our
world is ordered and rational. Typically, the natural parts of our universe follow this
pattern. The human body, the stars, the planets—each of these is an example of the
ordered world. In many cases we do not fully understand the order, or the exact nature
of the processes which are operating, but we know that these are not random structures.
However, when we examine many human organizations—businesses, governments,
rules which control societies—at times we may perceive chaos rather than order. The
GST adherent would seek order and rationality even in contrived systems.

The study of systems seems to be an extension of a basic belief in the value of order,
and in the value of planning to create order in our lives. This is not to say that the pursuit
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of order is an attempt to mechanize our lives. In fact, GST was originally an attempt to
refute the mechanistic doctrines of science that prevailed in the early twenticth cen-
tury (Hammond, 2002). GST is an orientation toward understanding relationships and
““the effects of a given process, attitude, or object upon other people and other events,
GST, especially those principles espoused by Bertalanfty, is “based on the concept of the
open system and emphasizes creativity, spontaneity and the progressive emergence of
increasingly complex self-organizing systems” (Hammond, 2002, p. 434). There have
been conflicting messages from systems theorists and systems-oriented practitioners.
One is of free will, interdisciplinarity, and multiple points of view. The other is of order
and control, determinism, and technical management.

There are other philosophical tensions mherent in GST. For example, Churchman
(1965/1996) viewed systemns thinking as an extension of two opposing philosophical
orientations, both of which have a rarional foundation. One philosophy suggests that
the process of building any whole entity must begin with an emphasis of its parts. The
other philosophy suggests that the whole must be conceptualized before the parts can
be apparent. In a sense, this is an analysis-synthesis conflict. The proper approach was
not clear to Churchman and there are still proponents on both sides of the question.
Empiricists would look to a data-based approach for resolving the argument, but many
feel that this is too simple an answer.

Boulding (1964), one of the early GST leaders, had a somewhat unique view. He saw
general systems as a “point of view rather than a body of doctrine” (p. 25). Thus, he
thought of GST as more of a philosophical orientation as opposed to being a formal
theory. This perspective, Boulding argues, 1s dependent upon the values of its adherents.
While the most dominant GST values are a predisposition towards order, gquantifica-
tion, and empirical referents, Churchman sees them as the “enemies within” that shape
the way humans define and deal with their problems (McInL/re 2003, p. 490). Such an
orientation, according to Churchman, can constrain systems design and decision mak-
ing (Mclntyre, 2003).

Boulding (1964) interpreted GST as encompassing the goai of building a general
system, as well as constructing a general theory of systems. This general system weuld
have to exist together with specific disciplinary systems. The dangers of a general
system, however, could be ambiguity, superficiality, and a failure to recognize true
randomuness. - ‘

For many GST advocates; systems philosophy contrasts sharply with that of classical
science. This was the view of Bertalanfty, considered by most to be the father of GST. He
saw systems theory {(and its extension, systems inquiry) as reordering the prevailing sci-
entific thought. This GST view of science reflected an “expansionist, nonlinear dynamic,
and synthetic mode of thinking” (Banathy, 1996, p. 74). This is consistent with the GST
position that synthesis is the culminating activity of inquiry. However, it contrasted
with the orientation of traditional science which was then almost exclusively analytical
(Banathy, 1996), and in many ways it contrasts with the current common misconception
of systems theory as being interwoven with technology, flowcharts, and linearity.

GENERAL SYSTEMS THEORY AND INSTRUCTIONAL DESIGN

The principles of GST have had a profound influence upon the general orientation
of most ID projects today. They serve as the underlying theoretical foundation for
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most procedural models of IID. Over the years, the application of GST principles to ID
occurred in roughly a two-step progression. First, the systems approach was concep-
tualized. Second, the systems approach was proceduralized into what we now know as

mstructional systems design (ISD) models.

The Systems Approach
The use of GST in many disciplines initially was known as the systems approach. Putnam
(1964) viewed the systems approach as basically a process of building and testing (via
simulation) discrete models in various fields. However, Ryan (1975), speaking in refer-
ence to learning systems, had one of the most comprehensive definitions of the systemns
approach:

A systems approach is an operational concept, referring to a scientific, systematic,
and rational procedure for optimizing outcomes of an organization or structure, by
implementing a set of related operations to study an existing system, solve problems,
and develop new or modify existing systems. (p. 121)

Thus, the systems approach reflects the basic notions of order and of planning. It can be
used to draw meaning out of existing structures, as well as to create new structures and

solve problems.
The early systems approach literature identified the various steps or stages attributed

to this process as it is applied in a variety of contexts. Table 2.1 summarizes stages of the
systerns approach from some of this literature.

Tabie 2.1 A Comparison of the Stages in the Systems Aporoach: Excerpts from the Early Literamre 19631981

Reference Stages Identified

.

Analysis of Systems
Solution of Problems
- Development of Systems

Banathy (1968)

Systems Analysis (Identifying the Problem, Determining Alternatives)
System Synthesis (Choosing a Solution Strategy, Implementing tiie
Solution Strategy, and Determining Effectiveness)

.

Kaufman (1970)

Silvern (1972} «"Analysis

* Synthesis
Modeling
+ Simulation

Ryan (1975) . Study Existing System
Solve Problems
> Design System

.

.

Define Problem

- Analyze Problem

» Design/Develop Solution
Implement

+ Control/Evaluate

Romiszowski (1981)
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There are many similarities among these views of the systems approach with the
common thread being reliance upon the traditional scientific method of problem
solving.

A closer inspection of this literature shows that the basic elements of GST are still
incorporated in these various interpretations of the systems approach. They cach

include:

-+ A consistent definition of system;

- The notion of purpose within a system;
+ An emphasis upon structure; and

+  The concept of self-regulation.

The sense of purpose inherent in the systems approach is demonstrated by the move-
ment among the stages to the creation of a new system designed to solve an existing
problem. The analysis stage in the systems approach tends to emphasize the systeny’s
structure, and the concept of self-regulation is the basis of the evaluation components.

Another way to understand thé concept of the systems approach is to understand
what it is not. Krippendorf (1975) cites an example of a nonsystems approach: the analy-
sis of a single variable or event. Such tactics ignore the fact that a system emphasizes
the relationships between its various parts. Analysis of single units as isolated elements
(without identifying the interactions of those elements with the other parts of the sys-
tem, subsystem, or suprasystem) ignores the hierarchical structure of systems and the
recognized interdependencies among components.

The systems approach, as summarized by Kaufman (1970), can be condensed into
fwo processes: analysis and synthesis. Silvern (1972) described analysis s a process
which emphasizes two distinct phases: (1) the identification of component parts and (2)
the identification of the relationships between the parts and the whole system. Thisis a
cognitive skill fandamental to the understanding of systems theory and the application

of the systems approach.
Identifying the paris of a svstem can be a detailed process. Those parts can include

components, such as:

» Persons;

> Objects;

»  Processes;

= External constraints; and
> Resources available.

The relationships among these parts can also take several forms, including:

- A chronological sequence among processes;
- A flow of data or information between parts; or
+  The raw materials (persons or objects) which enter or exit from a system.

Tliese relationships, or connections, between parts of a system can exist within a subsys-
tem, between subsystems, or between the system and its environment.

Analysis is repeated in many ways when using the systems approach. (See Table 2.1.)
For example, analysis is critical to:
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» Studying existing systems (Ryan);
- Defining and analyzing problems (Romiszowski); and
- Identifying problems and determining alterriaives (Kaufman).

Synthesis is the second major stage in each of the systems appruach descriptions in
Table 2.1. Following analysis, it involves the design of a new system so that the identified

problem can be solved. This can occur by either:

»  Establishing new relationships between existing parts; or
+ Identifying new parts and creating relationships between them.

This phase of the systems approach is purely crearive. In the aiternative descriptions,
synthesis is not only referred to overtly, but it is implied in the stage of designing or
developing systems (Banathy, Romiszowski, and Ryan) and as choosing a solution

strategy (Kaufrman).

Instructional Systems Design Models

Buxldmg upon the explorations of the systems approach, fairly straightforward models

of ID procedures were developed beginning in the late 1960s. These models as a group
were known as instructional systems design models. They were constructed to “visually
communicate their associated processes to stakeholders by illustrating the procedures
that make it possible to produce instruction” (Gustafson & Branch, 2002, p. 2). These
procedures are known collectively as the ADDIE model to emphasize the five core ele-
ments of the ISD process: analyze, design, develop, 1mplement and cvalmte Figure 2.2
visually captures the intent of the ADDIE model. '

Analyze

v,

Develop

Figure 2.2 The ADDIE Model.

Note: From Sorvey of Instructional Development Modefs (4th ed.) by K.L. Gustafsen and R.M. Branch, 2002, p. 3. Public
Domain, 2002, ERIC Clearinghouse on Information & Technology.
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Many ISD models have been devised over the years.! These models tend to emphasize
the unique conditions of various instructional scttings, as well as alternative orientations
to the ID process itself. Sone are visually represented to appear as linecar, step-by-step
procedures (see, for example, Dick, Carey, & Carey 2009), while others emnphasize fluidity
and the iterative nature of the process (see, for example, Morrison, Ross, & Kemp, 2007).
Some are more appropriate for novice designers (see Brown & Green, 2006}, while others
demand the competencies of expert instructional designers (see Jones & Richey, 2000).
Some combine both novice and expert elements (see Cennamo & Kalk, 2005). However,
they all tend to reflect the basic ADDIE elements. These elements are general enough to
be appilicable to overall program design, as well as the design of instructional materials
which may be directed to only a single objective. They can be used with any particular
type of content or delivery approach. Table 2.2 provides an overview of a representative
sample of these models. '

Table 2.2 An Overview of Representative Instructional Systems Design Models

Model Primary Setting Unique Emphases

Branson (1975) Military + Large-Scale ID Projects
- Learner Differences

- Content Analysis
+ Management, Implementation,
and Conirol

Edwards (1982) Community Health Agencies - Program Administration
» Evaluation, Installation, and

+ Staff Development Program Maintenance

+ Patient Education - Program Marketing
Diamond (1989) ‘ Higher Education - Institutional Priorities and

Concerns

+ Comprehensive Curriculm - Design Support Team

+ Course Development « Faculty Ownership
Seels & Glasgow (1998) General Product Development - Project Management

+ Diffusion of Results

» Interactive and Concurrent Steps
in Design Phase

+ Products Designed for Use by
Others

Smith & Ragan (2005) ID in Al} Settings + Cognitive Psychology
' - Instructional Strategy Selection

and Development
+ Systematic Problem Solving

Smaldino, Lowther, & Russell (2008) K-12 Education Classrooms - Learner Characteristics
» Media Selection

» Technology Integration
Modification of Existing
Materials

1 For a more complete review and discussion of ISD models, sce Gustafson and Branch (2002) or Molenda and
Boling (2008). In addition, many proprietary models have been developed by individual organizations that are
not available in the general literature.
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Tahle 2.4 A Comparison of Instructional Systems Design Common Tasks and General Systems Theory Principles

1SD Common Tasks

Related GST Principle

ANALYZE

+ Assessment of need, problem identification, occupational
analysis, competence, or training requirements

+ Formulation of system and environmental descriptions and
identification of constraints

- Characterization of learner population

- Analysis of goals and subgoals for types of skills/learning required

.

Systems are ordered and are
complete wholes

Environments determine quality
and establish constraints in open
systems

- Relationships among system

DESIGN

Formulation of broad goals and detailed subgoals stated in
observable terms

Sequencing of goals and subgoals to facilitate learning
Consjideration of alternative solutions to instruction
Formulation of instructional strategy to match subject-matter
and learner requirements

.

eiements and attributes of elements
Systems are hierarchical

Systems have a common purpose
Systems consist of components
and processes

Systems are ordered

Structure determines function

Systems components and process
are related

- Selection of media to implement strategies

DEVELOP

- Development of courseware based on strategies

IMPLEMENT

+ Development of materials and procedures for installing,
maintaining, and periodically repairing the instructional program
+ Costing instructional programs

EVALUATE

+ Development of pretest and post-test matching goals and subgoals

* Empirical try-out of courseware with learner population,
diagnosis of iearning arnd courseware failures, and courseware
Tevision :

* Evaluate after full-scale implementation

Structure determines function

Environment determines quality
and establishes constraints in open
systems

Use of feedback to stabilize or
reorganize in an open system

Originally, ISD models were not typically empirically validated. Their advancement
was based to a greatexient upon the credibility of unchallenged tradition and practitioner
support (Richey & Klein, 2007). The proliferation of ISD models, however, even without
scientific support, speaks to the manner in which the models have successfully addressed
specific organizational concerns and the needs of specific user groups.

In spite of the widespread use of ISD models, presently there is an undercurrent of
dissatisfaction in some quarters. This tends to reflect concerns such as:

+ The amount of time required to complete the process faithfully given workplace

constraints and demands;

» The discrepancies between the linearity implied by many ISD models and the reali-

ties of ID practices in natural work environments;

*  The heavy reliance upon analytic techniques which ¢an produce fragmented con-

tent; and
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+  The tendency for some designers to produce boring, noncreative instruction when
following regularized, systematic 1D procedures.

These concerns have in some cases led to alternative orientations to the entire 1D pro-
cess (see Willis, 2000). They have also prompted research into ways of addressing such
problems, and in many cases, new and enhanced ISD models have been developed.
Nonetheless, instructional systems design is still the dominant orientation of designers

in most workplace environments.

TRENDS IN SYSTEMATIC INSTRUCTIONAL DESIGN

Today, the principles of GST are still providing the impetus for much of what we do in
ID. There are still ISD models in use, although many modifications and entirely new
models have been constricted to meet new and emerging ID probleins. These mod-
els and procedures reflect new interpretations of traditional GST principles relating to

analysis and synthesis.

New Approaches to Analysis

Analysis in early ISD models was primarily directed toward instructional content
and the learner’s previous knowledge of this content. For example, in Briggs’s {1970)
model the only analysis task concerned determining the structure and sequence of the
objectives. While military models put a greater eraphasis on analysis, they alse concen-
trated on content. The Inter-Service ISD Model by Branson (1975) spoke to the analysis
of jobs and existing courses, and the Navy model addressed job analysis and job task
analysis (Department of the Navy, 1980). The original Dick and Carey model (1978)
had two analysis phases—instructional analysis and the identification of learner entry
behaviors—both of which were content-related analysis phases. Instructional analysis
involved breaking the content into its subordinate and superordinate skills, and behav-
ioral analysis sought to identify which of these skills learners already possessed prior to

instruction.

The early Air Force ISD procedures were among the very few that reflected a more
modern approach to analysis (Department of the Air Force, 1979). In this model the

analysis of system requirements included:

+ Anidentification of the nature and scope of humans in the systern;

* A detailed collection of data regarding the system and its operation, including
information on purpose, function, major subsystems, equipment needed, opera-
tion policies, environmental constraints, and human-system interface;

* An identification of specific duties and tasks required for each job performance; and

* A determination of whether training is necessary.

Although this approach to analysis implies a great deal of control, hierarchy, and
structure, it does branch out beyond the traditional analytic emphasis on instructional
content.

Contemporary instructional designers employ content analysis procedures, many of
which are the same as used in the early ISD models. However, they also routinely analyze
organizational problems, contexts impacting the instructional process, and a wide range
of learner characteristics.



24 . General Systems Theory

Analyzing Problems
Typically, the product of early ISD efforts was an instructional product—a course, a self-
‘instructional activity, or perhaps an entire program. As the ID field became more sophis-
ticated, there was a realization that the product was only an intermediate step; learning
was seen as the ultimate goal. Then even learning was seen as a transition; transfer of
training or application of what was learned was viewed as the critical objective. Today,
even this is not sufficient. The products of designer efforts should be linked to not only
performance changes, but to organizational improvement. The instructional products
should help solve organizational preblems. Consequently, the analysis aspect of ISD
must initially focus on these problems. This corresponds with Swanson’s (1999) obser-
vation that to improve system performance, one must “focus the analysis for improving
performance at the appropriate system frames” (p. 7).

Problem analysis is inherent in a number of “front-end analysis” terms. Gordon (1994)
includes it in her organizational analysis. Piskurich (2006) speaks of it as an organiza-
tional needs assessinent, and Smith and Ragan (2005) characterize this type of analysis as
a needs assessment that uses the problem model. They identify four steps to this process:

+  Determine whether there really is a problem.
- Determine whether the cause of the problem is related to employees’ performance

in training environnments or to learners’ achievement in educational environ-

ments. .
- Determine whether the solution to the achievement/performance problem is

learning.
Determine whether instruction for these learning goals is currently offered. (p. 45)

This problem analysis orientation implicitly recognizes that instruction may not be
the way to solve all-.problems, and thus narrows the scope of problems that the instruc-
tional designer should tackle. It also reflects the thinking behind the 1979 Air Force ISD
model. :

Focusing on organizational problems (as opposed to only stressing content) plays a
part in many current approaches to ISD. It reflects both the systemic and the systematic
facets of ISD. It recognizes the manner in which resources and constraints can impact
an open systerm’s operation. Moreover, it clarifies the basic purpose of an instructional

systemn.

Analyzing Context

In addition to content concerns, designers today often place an equal emphasis on con-
text. There is no longer the implication that all ID interventions are environmentally
ncutral and applicable to any setting. This 1s a direct application of those GST principles
related to the importance of environment on system functioning. In many cases, it is easy
to see the notion of environment and the suprasystem in today’s emphasis on context.

Context has been defined broadly by Tessmer and Richey (1997) who suggest that
there are three different contexts that impact ID: an orienting context, an instructional
context, and a transfer context. (See Chapter 4 for a more complete description.) Many
ISD models now incorporate contextual analysis procedures. Dick et al. (2009) suggest
that a contextual analysis of the performance (i.c., transfer) setting should address man-
agerial or supervisor support, social and physical aspects of the site where the skills will
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be applied, and relevance of the skills to the woikplace. They also recommend a contex-
tual analysis of the learning environment that considers the compatibility between the
instructional site and the instructional requirements, the ability of the site to simulate--
the workplace and to accommodate or constrain a variety of instructional strategies.

Smith and Ragan (2005) also move beyond traditional content analysis to analyzing
the learning context. They consider context to be not only a physical place, but also to
include “the temporal and social environment” (p. 43). Their interpretation of context
includes not only the many aspects of the teaching environment, but also the philoso-
phies or restrictions of the organization in which the instruction takes place.

Morrison et al. (2007) use the Tessmer-Richey contextual scheme in their ISD model.
They incorporate contextual analyses directed toward the orienting, instructional, and
transfer environments. They provide examples of how this analysis can be conducted in
5 variety of settings: schools, corporations, higher education. Adapting to the environ-
mcent has become a standard part of the designer’s task.

Analyzing Learner Characteristics

or the most part, learner analysis in early ISD models was a matter of measuring pre-
requisite skills and devising instructional prescriptions in keeping with the learner’s abil-
ity and skill level. This is not to say that instructional issues such as motivation were
unimportant, but predesign analysis did not typicaily address such factors. Today, a wider
warlety of learner characteristics are also addressed in the analysis phase. These include:

> Demographic characteristics and individual differences that may influence the
selectior: of one instructional strategy over another;

> Beliefs and attitudes that may impact l'earning,' transfer, and motivation; and
Mental models that may influence the selection of instructional methods.

Critical demographic characteristics such as age, work experience, and educational level
liave proven to impact learner attitudes and performance in educaticn and training pro-
grams (Richey, 1992). These characteristics can play an increasingly important role as
the learner ages. For example, while using complex technology may be routine for chil-
dren, it can pose learning barriers for older adults. With respect to employee training,
extensive work experience in a given field can counteract the lack of a formal education.
Designers are now far more conscious of the role of demographics in knowledge acquisi-
tion and transfer.

Individual differences, such as the expectancies and values held by learners, also play
an important role in ID (Keller, 1983). For example, a learner with a high need for affili-
aiion may prefer to work with others but will also exhibit off-task behaviors when placed
i1 rollaborative learning settings (Klein & Schnackenberg, 2000).

Attitudes are important predictors not only of motivation towards learning, but also
0T how much is learned and the extent to which the material is transferred to other set-
itngs. For example, a learner’s attitudes towards the delivery system used in instruction
<au directly predict the amount learned. Knowledge transfer is not directly attributed
only to the amount learned, but rather to the attitudes one has toward that which was
learned (Richey, 1992).

The learners’ mental models of the task domain influence how they will understand
ite domain of knowledge (van Merriénboer & Kirschner, 2007). As such, designers are
aow beginning to take steps to determine the typical mental models of learners and to

wi
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select a mental model of the task domain to guide the instruction. If the object of the
instruction is for learners to acquire the mental model of an expert in the field, this may
involve moving through a series of mental models: from a novice’s mental model, to that
of an intermediate performer, and finally to that of an expert (Gordon, 1994).

Much of the new typesoflearneranalysesare dependent upon recent research, However,
they also reflect the fundamental GST predisposition towards analyzing the relationships
between the various system components and the attributes of these components.

New Approaches to Synthesis

Synthesis occurs at the design and develop phases of the ADDIE meodel. It includes iden-
tifying goals and objectives, sequencing content, making strategy and media decision,
and developing the courseware. Even though technology has changed dramatically over
the years and design is now often a team project rather than an individual enterprise, has
the fundamental approach to creating the product changed? In many ways the answer is
“no”, but in some fundamental ways the synthesis phase has changed. To a great extent
these changes are the result of pressures to complete the design task in a shorter period
of time. However, the two changes that we will discuss here—rapid prototyping and the
use of learning objects—reflect the influence of GST and systemic thinking.

Rapid Prototyping

Rapid prototyping involves “the development of 2 working model of an instructional
product that is used early in a project to assist in the analysis, design, development,
and evaluation of an instructional innovation” (Jones & Richey, 2000, p. 63). There
are many different types of prototypes. Some are workable versions of the final project,
‘while others are shells that simply demonstrate the appearance of the final product. All
approaches to rapid prototyping typically involve the designers and the clients working
as a team throughout the course of the project.

Cennamo and Kalk’s (2605) ID model combines the typical ISD phases with “the
iterative cycles found in rapid prototyping models” (p. 6). This model presents ID asan
evolving process in which designers continually revisit five key elements—Iearners, out-
comes, activities, assessment, and evaluation—even as they proceed through the tradi-
tional ISD phases. This design process is very fluid; it incorporates the use of prototypes
throughout the course of the project. Paper and working prototypes are developed and
reviewed by the entire design team, learners, and typically clients as well.

Most ID projects using such rapid prototyping techniques and other {luid approaches

1ave many of the design tasks being completed by teams with individuals working con-
arrently in a nonlinear fashion. The systemic orientation, however, is not lost. All team
nembers work together toward one defined goal. The use of prototypes highlights the
oal in each design phase, and ensures that all team members (including clients) con-
nue to.agree on the goal throughout the project. Prototypes ensure that all parts of the
istruction—the activities, the assessment, and the supporting materials—are directed
ward the same goal, pictured in the same way by all parties. Feedback from the envi-
nment—design team members, learners, and clients—is gathered on a regular, almost
ntinuing, basis to stabilize the system. Efforts are made to ensure that the new instruc-
mn will function well within the larger system in which it will operate.

These aims are not unusual for most ISD projects. However, rapid prototyping is an

vancement that incorporates specific procedures that make them more likely to be
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achieved. Moreover, they can be achieved in less time than is typical of projects con-
ducted in a more traditional fashion.

Learning Objects

With the growing interest in learning objects, there have been a growing number of
definitions of this term. We will use Churchill’s (2007) definition: “A learning object
is a representation designed to afford uses in different educational contexts” (p. 484).
The implications of this definition is that learning objects are “digital, utilizing differ-
ent media modalities . . . and . . . they are designed to afford educational reuse” (p.
484). These small sections of digital material are typically stored in a database, available
for incorporation into a wide range of delivery media (Barritt & Alderman, 2004).
They can be used for a variety of purposes: content presentation, drill and practice with
feedback, simulation, concept representation, information display, and context
illustrations (Churchill, 2007). Learning objects, by design, are intended to be used in
multiple contexts with a variety of types of students even though they address a single
objective.

Learning objects are 1D elements originating out of the age of technology-based
instruction. They are ingenious solutions for those pressed to build a large number of
related (but separate) instructional materials in short periods of time. They have also
been suggested as one way of meeting the challenges of globalized educational efforts
(Laverde, Cifuentes, & Rodriguez, 2007). One can simply reuse instructional segments
over and over again in multiple learning contexts. This involves an expanston of the
traditional ADDIE model. Barritt and Alderman (2004) provide one example of this
expanded process involving reusable learning objects (RLOs). They view design as
“Design and Mine”, and this new design process has six components:

- Determine learning architecture;

» Create learning objectives;

«  Design learning activities;

»  Determine delivery options;

= Create a high-level design document; and

- Mine database to reuse or repurpose existing RLOs. (p. 134

‘Cleatly, identifying the learning object itself involves an analytic process, but here we
would like to stress the new approach to synthesis. Synthesis is one innovative aspect of -
ISD, but it is also one of the most difficult phases if the object is creative, exciting, and
effective learning experiences. Learning objects help designers and developers use their

time efficiently and avoid reinventing the wheel.
The use of learning objects also reflects the tencts of GST. Even though learning

objects are small units of instruction, their effectiveness is dependent upon che extent
to which the ultimate instructional setting is viewed as whole (i.e., systemically).
Nurmi and Jaakkola (2006) studied the effects of learning objects in classrooms and
concluded:

LOs, and the instructional arrangements within learning environments, are interact-
ing together to stimulate certain kinds of student learning activities, behaviours and

- outcomes. LOs should therefore only be understood as one part of the larger learning
environment, not as a self-contained instructional solution. (p. 245)

i
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Thus, once again, it is the relationships among the various system elements that are criti-
cal, and it is the environment that determines ultimate quality. Designers using learn-
ing objects effectively are creating not just an isolated picce of instruction, but a total

teaching-learning system.

RESEARCH, GENERAL SYSTEMS THEORY,
AND INSTRUCTIONAL DESIGN

While there have been many applications of GST to the field of ID, the question arises
as to the extent to which these practical applications have been tested and empirically
validated over time. This is a question that we will address with each of the theoretical
foundations of ID covered in this book. Here we will discuss ID research which confirms
the applicability of GST principles, and recommend new research that would speak to

the continuing viability of these ideas.

Empirical Support of General Systerns Theory Applications in
‘ Instructional Design

Instructional systems design models are the primary way in which sysiems thinking has
been applied to ID. Initially these models Lad little empirical support; tradition, aca-
demic recommendations and practitioner advocacy sustained their use. Today, empiri-
cal validation of new ID models is beginning to occur. For example, Higgins and Reiser’s
(1985) research involved the controlled testing of a media selection model. Taylor and
Ellis (1991) evaluated classroom training to determine how effective the ISD model was
as applied in programs of the U.S. Navy. Tracey (2009) validated an ISD model enhanced
with a consideration of multiple intelligences.

New research methodologies are being devised to study and test design strategies,
many of which are rooted in GST. Design and development research (Richey & Klein,
2007), design-based research (Design-Based Research Ccllective, 2003), and forma-
tive research (Reigeluth & Frick, 1999) are the principle types of inquiry used now for
these purposes. Nonetheless (to quote the perennial tagline in dissertations), additicnal

research i1s necded.

Recommendations for Research on Systemic Instructional Design

A systemic orientation is one which recognizes the role and impact of mary elements
in a given environment. ID research with a GST foundation would explore the impact
of the various elements of a design environment and of the learning and performance
environments. Such research would confirm which elements were critical and what the
relationships among these elements were. This can be done from a quantitative point
of view such as a study by Quifiones, Ford, Sego, and Smith (1995/1996). They exam-
ined the relationships between individual characteristics, transfer environment charac-
teristics, and the opportunity to perform, and as a result produced a conceptual model
of variable relationships. Research of this type could be conducted measuring factors
such as design team attitudes, resources, and time-on-task to determine their impact on
project success.

An interpretive orientation to research could also be useful. This “tends to emphasize
the subjectivist, communicational, cultural, political, ethical and esthetic—that is the
qualitative and discursive aspects” (Schwaninger, 2006, p. 587). There are many possible
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studies of this type that could address the environinental factors involved in desigizer
decision making. How do designers deal with time pressures (e.g., a study of the role
of resources)? How do designers deal with client misunderstandings of the real prob-
lem 1in the organization (e.g., a study of environmental constraints)? When and how
do designers incorporate such analysis into their projects (e.g., a study of processes and
their related factors)?

One of the fundamental tenets of a gencral view of instructional systems design is that
the processes are applicable to all types of content and all workplace settings. This principle
is essentially unsupported empirically. While some research has addressed the use of 1ISD
in K--12 educational settings (see Reiser, 1994 and Young, Reiser, & Dick, 1998), there has
not been a systernatic examination of the extent to which ISD procedures easily apply to
vooving work settings. This, and other general ID principles, should be formally srudied.

SUMMARY

ST 1s a central part of the ID knowledge base. This chapter presented the basic tenets of
GHT, explored its philosophical and empirical underpinnings, and examined the way in
which it has been applied in our field, as well as the current trends in its use. Table 2.5 is

a precs of this material.

Table 2.5 An Overview of General Systems Theory and Instructional Design

. sty Principles:

> A system is ordered, a complete whole, open or closed, natural or contrived.

+ A system consists of components and processes.

* There is a defined reiationship between the various elements of a systern and betweern the attributes of
ihese elements. .

- A systern 1s hierarchical, existing within an environment, typically called a suprasystem, and
containing smaller units called subsystems.

- The structure of the system determines its function.

» Within an open system, the environment can determine the quality of the products of the system by
establishing constraints upen the systerm, and provide feedback that can either stabilize or reorganize
the system.

. Philosophical Emphases: Order, rationality, planning, and quantification; Progressive self-
organization; Multiple and interdisciplinary points of view; Nonlinear and synthesis thinking.
7. Basic Research Support: Early biological research to identify interrelated system effects.

. Early Contributors: GST: Ludwig von Bertalanffy, Kenneth Boulding, C. West Churchman, and Paul
Weiss; ISD: Bela Banathy, Walter Dick, Roger Kaufman, and Leonard Silvern.
©. X' Applications:
= LV Models
i Swpporting ID Research: )
- Some Identification of Performance Environment Elements (e.g., Taylor & Ellis, 1991)
= Sorse Model Validation Research {e.g., Higgins & Reiser, 1985; Tracey, 2008) '

1

7. ¥ dated Concepts:
~ ADDIE
> Equifinality
> Learning Objects
> Rapid Prototyping
- Systern Analysis and Synthesis

S

Svsierns Approach
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In Chapter 1 we identified the six major content domains of the ID knowledge base:

+ Learners and Learning Processes;

+  Learning and Performance Contexts;

+  Content Structure and Sequence:

« Instructional and Noninstructional Strategies;
- Media and Delivery Systems; and

» Designers and Design Processes.

Here we will begin filling in the details of this view of the field and its knowledge base.
GST has relevance for five of these six domains. Table 2.6 shows these demains and the
various design elements that stern from our discussion of GST.

Table 2.6 lnstructional Design Domains and Elemenis Related o Genera! Systems Theory

Learners and Learning Processes
» Learner Characteristics (Demographics, Individual Differences, Beliefs and Attitudes, Mental

Models)

Learning and Performance Contexts
+ Climate (External Influences and Constraints, Organizational Clirnate, Physical Resources)

- Environment (Orienting Context, Instructional Context, Transfer Context)
- Setting (K—12 Schools, Higher Education, Business/Industry, Health Care, Community,
Government)

Content Structure and Sequence
« Instructional Sequences (Job Task Order, Learning Diffculty Order)

Instructional and Noninstructional Strategies
-+ Feedback ’

Designers and Design Processes
» Analysis (Content, Context, Cost, Job, Learner, Problem, Organization)
- Design and Development (Goals and Gbjectives, Strategy and Media Selection, Rapid Prototyping,
Learning Objects)
- Designer Characteristics (Expertise)
+ Evaluation (Formative, Summative, Confirmative)
- ISD processes (ADDIE)

In essence, Tables 2.5 and 2.6 present the core of the ID knowledge base as it pertains
to GST. As we discuss each of the other theoretical foundations of ID, we will expand
upon this ID domain framework and continue to provide concise summaries of the
theories.

Chapter 3 deals with communication theory. While this is an entirely separate genre
of thought, you will find that many communication theorists were also influenced by
systems thinking.



COMMUNICATION THEORY

Communication is one of the most basic activities of hurman beings and is “one of the per-
spectives that gives us the most insight into human nature” (Heath & Bryant, 2000, p. 2).
Thus, it is not surprising that the study of the communication process has impacted many
disciplines, including journalism, psychology, management sciences, information technol-
ogy, political science, and education. Its wide range of applications speaks to the scope of
communication theory, and to the complexity of communication as a human activity. It
involves the use of biological systems, cognitive systeins, and social-psychological systems.
Communication encompasses more than private interactions between individuals. It also
includes interactions (mnost often public) between groups and large masses of people. In-
structional designers are concerned with communication in many forms: oral, written, and
medjated. Designers also are concerned with both instant and delayed communication.

There is a variety of conceptual models and theor:es relating to particular aspects of
the communication process. There are theories of linguistics and models of human lan-
-guage development. Persuasion and its applications are distinct areas of study, and the
field of mass media has its own models and theories. We are concerned with commu-
nication as it impacts the design and delivery of instruction. However, even with this
limitation, communication and its related theory cover a wide array of topics and points
of view. We will explore this theory base by describing: '

* Representative definitions, models, and orientations to communication;
+  Traditional and emerging applications of communication theory in instructional

design (ID); and
* The empirical foundations of communication theory as a part of the ID knowledge

base.

’ ALTERNATIVE VIEWS OF COMMUNICATION

Given the complexity of the communication process, it is not surprising that its defini-
tion (and its theory) has changed over the years. Littlejohn (1989) characterized these
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various points of view as four alternative perspectives: the transmissional perspective,
the behavioral perspective, the interactional perspective, and the transactional perspec-
tive. While other scholars present somewhat difterent configurations, all agree that
there are fundamentai differences in the way communication has been defined and
in the modcls which stem from these varying definitions. Here we will use the
Littlejohn structure to examine the alternative definitions and their related models of

communication.
The Transmission Emphasts

In 1951 Miller said “Communicaticn means that information is passed from one place
to another” (p. 6), and the theory stemming from this definition explained the process
of transmitting such information. This oxientation was based for the most part on the
seminal work of Shannon and Weaver {1949). Here Shanncn devised a mathematical
theory of communication which he saw primarily as a digital process, and Weaver pro-
vided a detailed introduction which described how the theory could apply to a wider
audience of people interested in human communication. The original Shannon-Weaver
model is shown in Figure 3.1.

This model was presented as a ccmmunication system, reflecting the interest in gen-
eral systems theory (GST) at that time. The fundamental process involves a source (a
person or a person’s brain, to be precise) selecting a message, changing the message into
a signal, and then sending these signals over a particular communication channel. In the
process of such a transmission, there can be interference from noise which can distort
the message befcrce the signal is finally received and transferred to the ultimate destina-
tion (i.e., the receiver’s brain) to determine the message’s meanmg ,

Rlchey (1986) presents a message transmission model that 1s more apphcable to
instructional designers. This is shown in Figure 3.2.

The source could be many things—a teacher, a textbook, or a website, for example.
In any case, the source should be seen as a combination of culture, experiences, and
resulting attitudes and aptitudes. The channel is typically viewed as being either audio

INFORMATION
SOUHCE TRANSMITTER HECEIVEH DEST! NATION

RECEIVED
SIGNAL =

MESSAGE

MESSAGE

NO!S‘:
SOURCE

igure 3.1 The Mathematical Mode! of Communication.

te: From The Mathematical Theory of Communication by C.E. Shannon & W. Weaver, 1349, p. 7. Copyright 1949 by The
iiversity of INinois Press. Used with permission.
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B SOURCE N B RECEIVER’

Send Messages Accepts Messages

Figure 3.2 A Model of the Transmission of Messages.

Note: From The Theoretical and Conceptual Bases of Instructional Design by R. Richey, 1986, p. 44. Copyright 1986 by Rita
C. Richey. Used with permission.

or visual. Designers generally think of the channel as the vehicle, or medium, of mes-
sage transmission. Noise is anything that interferes with the message—sound, confusing
images, or even differing values relating to the topic. Noise can be several people talking
at once, or the use of ambiguous words. Noise need not always be auditory; it can be
visual or even cultural.

The transmission process is, on the surface, simple. Itis a linear process, one in which
interaction is portrayed by senders and receivers changing roles. Once a message is
received and understood (presumably as it was originally intended), the receiver can
then become a sender and transmit another message back to the original source. It is
a process, however, which Weaver saw as applying to all types of communication—
written, oral, musical, visual, and even the arts. This orientation reflects Weaver’s view
of communication as. “all of the procedures by which one mind may affect another”
(Shannon & Weaver, 1949, p. 2).

Weaver, however, saw three major and often overlapping problems that should be
addressed: (1) There was a technical problem concerning how accurately the symbols
transmitted the message; (2) There was a semantic problem relating to how precisely
words convey the essence of the original message; and (3) There was an effectiveness
problem relating to whether the message had the intended effect on conduct. These were
the concerns of the supporting theory:

Others saw more problems with the basic linearity of the model and the assumption
that communication is effective only when the received message is identical to the mes-~
sage sent. Heath and Bryant (2000) describe the process this way: “the source ‘injects’
information and other influence into the receiver’s mind . . . a message is a ‘lump’ of
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meaning—Ilike a bullet—that transports and inserts an idea into the receiver’s brain”
(pp. 46-47). This reaction to transmission models led to the development of other defi1-
nitions and models of communication.

The Behavioral Emphasis

The first substitute suggested for the transmission model of communication was the
behavioral model. In many respects the behavioral orientation to communication was
very close to the transmission viewpoint. Behavioral views portrayed communication
as basically a stimulus-response (S-R) situation, with the sender stimulating a “mean-
mg” (i.e., the response) in the receiver (Heath & Bryant, 2000). The behavioral model
most closely allied to education was that of Berlo (1960), the Sender-Message-Channel-
Receiver Model (S-M-C-R), as ssunmarized in Table 3.1.

The S-M-C-R Model is reminiscent of the Shannon-Weaver transmission model, but
here the message and. the words of the message become the stimulus rather than the
sender per se. The message is the central part of the process. To educators and instruc-
tional designers, messages include not only oral messages, but also written and visual
messages embedded in instructional interventions. The response is “anything that the
individual does as a result of perceiving the stimulus” (Berlo, 1960, p. 75). Both the
sender and the receiver are viewed broadly in terms of their background, skills, and
attitudes.

As with the ID perspective of the transmission model, the channels in the behavioral
model are the vehicles, or media of message transmission. The channel was critical to the
S-M-C-R Model, but Berlo interpreted it differently from Shannon and Weaver, who
saw the channel primarily as a physical transmitter. To Berlo “the channel was no longer
considered an object, but was seen in light of the human sense that would be used to
decode the message” (Januszewski, 2001, p. 30).

Feedback is an essential concept of the behavioral orientation, differing from the
transmission approach. In the Berlo S-M-C-R Model, feedback from the receiver clari-
fies how the message was understood. Berlo saw learning as a stimulus-response process,
one that included interpreting the stimulus as well as the consequences of the response
{i.e., whether it was rewarding or not).

Another behaviorally-influenced communications model is that of Westley and
MacLean (1955). Their challenge was to develop a communications research model
that would address situations in which the communicator (i.e., the sender) was not
physically present. This is the typical mass communication situation. Educators are
often concerned with mass communications models because instructional messages are

Tahle 3.1 An Overview of the Berlo Mode! of Communication

Major Communication Elements and Their Components

Source Message Channel Receiver

+ Communication Skills + Content Elements - Seeing + Communication Skills
» Attitudes + Treatment Elements + Hearing « Attitudes

* Knowledge ) » Code Structure » Touching » Knowledge

« Social System * Smelling - Sacial System

» Culture ' » Tasting » Culture
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Figure 3.3 The Westley and Maclean S-R Communication Model.

Nate: From "A Cenceptual Model for Communications Research” by B. H. Westley and M. S. MacLean, 1955, Audio Visual
Communications Review, 3(1), p. 9. Copyright 1955 by the Asscciation for Educational Communications and Technology.
Used with permission.

delivered not only by a primnary communicator {(i.2., the teacher), but also by information
gatekeepers (i.e., the textbook, or another type of instructional material). While Westley
and Maclean actually developed four versions of their S-R communication model,
Figure 3.3 portrays the most complex of these models.

This model can also be understood from a designer’s perspective. Messages (x' and
x") are transmitted about particular objects or events (X, — X} to B, the receiver (or
the learner). The events could represent the underlying instructional content. These
messages may come from A, the basic communicator (e.g., a teacher or an author of
instructional materials), or they may come from C, a secondary scurce of inforimation
{e.g., a type of instructional material, mediated or nonmediated). The receiver can give
feedback to the original communicator (fBA) or to the inforimation gatekeeper (fBC) or
there may be feedback from the information source back to the original communicator
(fCA).

These behavioral communication models appear to be more process-oriented and less
linear than transmissions models of communication. However, they are not truly inter-
active. They are still what have been called direct effects models, and they do not describe
a truly interactive cornmunication process.

The Interactive Emphasis

(seorge Gerbner was a communication scholar originally trained as an instructional
technologist. He viewed communication as “interaction through messages” (Gerbner
as cited in Heath & Bryant, 2000, p. 47). With this interpretation the message still has a
dominant role in the process, but the emphasis is no longer on simply passing informa-
tion from one place to the other. Here communication is seen as a social process. This
contrasts to the perceptions many had of the transmission models and the behavioral
models as being mechanical processes.

One of the ﬁrst interactive models of communication was that of Schramm (1954).
Schramm’s mode! stems from seeing communication as an effort “to establish a
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Figure 3.4 The Schramm Interactive Made! of Communication.

Note: From Human Communication Thevry and Research: Concepts, Cantexts, an6 Challenges (2nd ed.) by R. L. ). Heath &
Eryant, 2000, p. 66. Copyright 2000 by Lawrence Ertbaum Associates, Publishers. Used with permissioa.

‘cominonness’ with someone . . . to share information, an idea, or an attitude” (p. 3).
While many of the elements in the Schramm model are similar to those we have previ-
ously described (i.e., source, message, destination), in his model communication is not
only an interactive process, but one in which senders and receivers are actually operating
at the same time. This model is shown in Tigure 3.4.

From this perspective, communication is not linear, nor does it have an S-R orienta-
tion. It can even be more than reciprocal reactions between two parties. Communication
Is a constant and dynamic process, one that occurs in the midst of another process:
feedback. Schramm’s model implies that inessages are interpreted by individuals based
upon their own backgrounds and understandings of the particular situation. Feedback,
of course, comes froem the receiver of the message. This feedback can take many forms,
such as verbal or facial expressions or actions. However, senders may get feedback from
the message itself when the words are heard, for example. Often this can result in on-the-
spot revisions to the message.

When communication is seen as a process with parallel messages being sent at once, it
typically involves multiple, rather than single, channels of communication. For example,
messages may be sent at the same time through sounds, size of print, and connotation
of words.

Finally, messages are not simply decoded; they are interpreted. Thus, the Schramm
model implies that messages are understood by individuals based upon their own back-
grounds and understandings of the particular situation.

The Transaction Emphasis

In spite of the social emphases of the interactional perspective, some scholars now visu-
alize communication as a process in which determining meaning is not seen as an inter-
pretation process, but as a matter of sharing and co-creating meaning among actively
engaged participants. This is called the transactional perspective. Communication is
even more dependent upon the situation at hand, the cultural backgrounds and previ-
ous experiences of those involved than in the alternative perspectives.
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Campos (2007) presents a new view of communication that falls in this genre. Campos
defines communication as “a biological mechanism that enables the subject to make
-sense of himself or herself and of the outside world” (p. 396). This is a very different
orientation than those we have previously examined. Essentially it suggests that com-
munication is creating (not delivering) meaning, a process that like knowledge itself is
“contextually situated” (p. 387).

The Campos model is influenced by the work of three major scholars: Jean Piaget,
Jean-Blaise Grize, and Jirgen Habermas. Piaget saw communications as a process of
exchanging values. Similarly, Grize saw communication as a schematization process
which is “a progressive process of construction and reconstruction of meanings in which
interlocutors help to interpret each other’s and one’s own world” (Grize as cited by
Campos, 2007, p. 392). Habermas’s model of social cooperation completes the theoreti-
cal base. This point of view suggests that one must always connect the individual to his or
her social system. Communication is not only dependent upon one’s subjective experi-
ences, but one’s “images of the world” (Campos, 2007, p. 395) are also dependent upon
economic and political conditions.

Campos’s Ecology of Meanings model presents communication as being intertwined
with the mental operations and mental images of the participants. Meaning is config-
ured through a mutual understanding of the world and the social environment. This
model is presented in Figure 3.5.

Here communication partners jointly construct Habermasian “images of the world
which may be absorbed into an individual’s “configurations of meanings”. Such con-
figurations would result from the schematization processes as described by Grize.
Configurations of meanings are built over a lifetime of experiences and reflect the
many dimensions of the environment in which one lives, including the affective ard

»

Configurations of Meanings

Object

Cognitive ana affective structures of the subject
Awareness, will and morality
Material conditions of evidence

Natural Environment

Figure 3.5 The Campes Ecologies of Meaning Model of Communication.

Note: From “Ecology of Meanings: A Critical Constructivist Communication Model” by M. N. Campos, 2007, Communication
Theory, 17(4), p. 398. Copyright 2007 by Wiley-Blackwel), Inc. Used with permission.



38 . Communication Theory

moral values, the political and economic constraints, and the dominant socio-cultural
assumptions. A
Communication then isa matter of constructing individual and contextualized knowl-
edge in cooperation with others. (This approach is similar to constructivist design theory
as discussed in Chapter 8.) This process can occur quite simply through conversation
or through mediating objects. Typical objects, from an instructional designer’s point of
view, might include film, television, websites, or computer-based simulations. However,
these mediating objects also reflect the intentions, meanings, and viewpoints of another

partner in the communication process.

The Philosophical Orientations of Communications Theory
It has been suggested that one’s perspective of the communication process is primar-
ily a function of one’s beliefs about the nature of knowledge (Littlejohn, 1989). Thus,
the alternative descriptions of communication that we have just examined are in part
dependent upon differing basic philosophical orientations. In general, these four
approaches to communication can be related to two clusters of philosophical thinking.
The transmission and behavioral perspectives can be explained in terms of empiri-
cism and rationalism. Littlejohn (1989) refers to this orientation as “World View 1”,
one which is defined by generalizations supported by data. On the other hand, the
interaction and transaction perspgctives can be explained in terms of humanism and
constructivism. This is Littlejonn’s “World View I1”,'a view in which the world is seen
as constantly changing to accommodatc the contexts in which individuals are interact-
ing. To a great extent, one can see these different philosophies—empiricism, ratio-
nalism, huumanism, and constructivism—as being on a continuum. They characterize
knowledge generation and meaning-making as ranging from being very external pro-
cesses to being very internal processes. Similarly, these philosophical orientations
view truth as ranging somewhere between being seen as universal or pertaining only

to individuals.

Empiricism, Rationalism, and Communication

Empiricists view knowledge as being external to the human being. Such knowledge
is discovered through experience based in the five senses and cbjective observation.
Knowledge can not be derived from unvalidated assumptions, preconceptions, or biases,
In keeping with these beliefs, empiricists rely upon data and controlled research to
formulate new knowledge. Reality should be obvicus to the trained observer. Most
scientific research is conducted in a manner consistent with this positivist point of
view.

The issue separating various camps of empiricists is the role (or even the existence)
of prior information. Is the mind a blank slate only tc become active through an accu-
mulation of experience, or is itan active participant in the experience? The more radical
empiricists would take the former position; other empiricists would maintain that the
mind is active, but there are no “truths that can be known without recourse to experi-
ence” (Brown, 2005, p. 244).

Although often related to empiricism, rationalism empha51zes the role of reasoning
(as cpposed to sensory experience) in the creation of knowledge. As a consequence,
truth can be derived through intellectual activity rather than scxentlﬁc activity. Such
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knowledge is not to be confused with opinion, however, which is typically not supported
by data (as the empiricists would want) or by carefully worked out logic. Rationalists
argue that not all propositions can be tested empirically and their proof is dependent
upon reasoning. Einstein’s mathematical development of the theory of relativity would
be one example of this type of scientific reasoning. He considered this process to be
doing “thought experiments”.

Similar to the empiricists, rationalists view knowledge as being external to the indi-
vidual and believe that truth can be universal and verifiable. The empiricist-rationalist
distinctions also can become blurred when considering the role of the mind in meaning-
making. Moderate empiricists and moderate rationalists could share seme beliefs with
respect to there being a mind active in meaning-making: however, empiricists would
likely say there were no a priori truths. Both of these philosophies can be used to explain
the development of knowledge or to justify existing knowledge.

Transmission and behavioral orientations to communication are clearly within the
empiricist-rationaiist genre. From a knowledge development perspective, the Shannon-
Weaver, Berlo, and Westley-MacLean models were developed through scientific reason-
ing and tested through empirical research. From a knowledge justification perspective,
ihey are all considered receiver theories. In other words, these three models see com-
munication as being dependent npon the message being sensed (i.e., experienced) by
the receiver. Moreover, the phiiosophic assumption of each of these communication
models is that truth is dependent upon the extent to which the message was received as

intended.

Humanism, Constructivism, and Communication

. ‘The interactional and transaction perspectives as exemplified by the Schramm and
"Campos models have a very different orientation. However, these two models can be
viewed on a philosophical continuum with the Schramm model still reflecting some ele-
ents of empiricism and rationalism, and the Campos model representmg a purer view
uf humanism and constructivism.

Humanism in general involves an emphasis on individual men and women and -
issues that concern their welfare and happiness. While historically, humanism implied
a split between religion and science, today humanists are more likely to emphasize
human emotions and feelings. Humanists rely “on the methods ot reason, science
and democracy for the solution of human problems” (Lamont, 1984, p. 147). On the
surface, this seems similar to the rationalists; however, while humanists are willing to
recognize the importance of reasoning, they “do not accept that reason can provide
the basis for morality, but may appeal to feelings or emotions instead” (Lacey, 2005,
. 402).

The Schramm communication model is a social model that emphasizes sharing
rather than delivering messages; iteinphasizesinteractionrather thanaction (Schramm,
1971). Schramm stresses the concurrent actions of all of the human participants
and the significance of an individual’s interpretation of a message. Knowledge
then arises out of interpretation rather than only understanding facts as the empiricists
would suggest. The Schramm model also reflects elements of rationalism, especially
in terms of its process of development. In terms of knowledge justification, however, it
is more humanist in nature. Nonetheless, it also suggests some elements of construc-

tivism.
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Constructivism' is a philosophical orientation of particular importance to the process
of knowledge development. It involves more than simply emphasizing the individual.
Rather it is an assumption that knowledge, even though it reflects the outside world, is
uniquely shaped (i.e., constructed) by each person. Knowledge (and by extension truth
and reality) is internal to the individual. As such, knowledge is by definition situational
and highly reflective of one’s context; there are no universal truths, no truly shared con-
ceptions of reality (Duffy & Jonassen, 1992).

The degree to which the environment and society influence the knowledge devel-
opment process is a matter of some debate. The radical constructivist position would
suggest that meaning-making is entirely a function of the individual’s perspectives and
experiences, while the social constructivist position would highlight the impoitance of
context (Fox, 2008). Some view these two perspectives as being complementary (Cobb,
1994). Others see knowledge development primarily as a matter of enculturation cven
though ultimately it is an individual activity (Driver, Asoko, Leach, Mortimer, & Scott as
discussed in Duffy & Cunningham, 1996).

The Campes communication model is a straightforward reflection of constructivist
philosophies. It is one which eschews the role of both message reception and mes-
sage Interpretation. Instead meaning (and one’s view of reality) is initially constructed
both alone and in cooperation with others involved in the cornmunication process.
Ultimately, meaning becomes a part of the individual's view of the world. This is a
model which stresses a broad array of environmental influences. There is no recogni-
ticn of many of the traditional components of the communication process: sender,
receiver, channel, or noise. Even the mediating objects do not have the same role as
conventional delivery systems; they serve as lenses which help shape the meaning

(Campos, 2007).

COMMUNICATION THEORY AND INSTRUCTIONAL DESIGN

Ajlinstruction is a matter of communication, whether it is delivered orally by a teacher,
In writing and visuals in books or other muaterials, or through various forms of media.
Here we wiil explore ways in which communication theory and modeis have influenced
the design of instruction. The applications of communication theory to ID are most
prevalent in what is known as message design, the “planning for the manipulation of the
physical form of the message” (Grabowski, 1995, p. 226). Message design techniques and
topics have varied over time as a result of the characteristics and capabilities of emerging
technologies. This was most obvious with the advent of computer-based and web-based
instruction. This section will explore the following basic elements of the communication
process in terms of their roles in the design of both mediated and nonmediated instruc-

tional messages:

We are viewing constructivism here as a philosophy. This designation varies across literature, Some education
scholars see constructivism as a learning theory; this is sometimes called “cognitive constructivism”. Others see
itas a teaching methodology or an approach to the teaching-learning process. These points of view are highly
inter-related The confusion is perhaps to be expected given constructivism’s epistemological emphasis on
knowledge development. Constructivist philosophy, however, Is 2 general set of beliefs that serves as a founda-
tion for work in many disciplines.
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The role and impact of written and visual language on meaning-making;
« Theinfluence of channel on effective instructional communication; and

- Thceattention-getting properties of a message.

The Role of Language

“Language is fundamental to thinking and learning” (Spector, 2008, p. 24). Language,
however, is a multifaceted concept which encompasses far more than the language
rooted in words. Pettersson (1989) describes various approaches to categorizing lan-
guage: (1) asspoken, written, and visual; (2) as verbal and pictorial; (3) as verbal (includ-
ing spoken, written, and tactile) and nonverbal (including audio, visual, and other).
Designers, however, are most often concerned with instructional messages conveyed
through written and visual language. Language is a major element of most communi-
cation models in their explanations of message encoding, message structure, and mes-
sage interpretation. It is an inherent part of transmission, behavioral, and interactive
approaches tc communication, and even the transaction emphasis is dependent upon

language.
Written Language

Most instructional messages are encoded and organized using words and sentences.
Both the vocabulary and the grammar of a language are viewed today as being culturally
induced. Vocabulary is subject to the influence of the culture, personal experiences, and
values of the sender of the message. Even grammar has a structure that allows receivers of
a message to understand the real content by stripping away the surface noise (Campbell,
1982). The human mind, however, is able to process messages that are well organized
more quickly. According te Campbell (1982):

Information is easier to remember when it is in an orderly state, rich in pattern and
structure, highly interconnected, containing a good deal of redundancy. Disorderly

" information that Jacks structure is easy to forget. (p. 214)

Thus, good instructional designers are most always good writers. What this means
specifically involves things such 2 long sentences with many subordinate
clauses, passive voice, abstract expressions, and not including examples (Hartley,
2004).

When written language is printed (as instructional messages typically are), a new
array of issues emerge. Hartley (2004) describes the many guidelines that have emerged .
from text design research that facilitate learner understanding of printed text. These
guidelines relate to topics such as page and type size, typeface, use of capitalized and
italicized letters, and spacing. Today word processing programs provide designers with a
wide array of options with respect to each of these text design decisions, and the choices
made greatly impact the communication process. Text design, however, not only deals
with the written language, but in many ways it converges on issues relating to the visual

aspects of the message.
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Visual Language

Images and visual messages also employ a type of language, but this is a language that is
rooted in perception and one that “affects us directly and involves instinct and emotion,
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before the linear logic derived from [written] language can be imposed on it” (Barry,
1997, p. 116). Visual fanguage is presentational in form and simultaneous and conno-
tative in nature (Seels, 1994). Like written language, visual language also has a type of
grammar with a set of organizing principles.

These principles for the most part stem from Gestaltian theory. (See Chapter 4 for a
detailed discussion.) Here are a few of the most important. We attend to the dominant
aspects of the visual and subtleties are frequently lost. We tend to group similar images
together in our minds and perceive relationships and patterns among these images.
Images that are incomplete typicaily are perceived as complete, closed, and coherent.
We see what we expect based upon our past experiences (Barry, 1997).

Instructional designers rely heavily upon the power of visuals as communication tools
and ultimately as learning tools since it is commonly agreed that pictures are more eas- -
ily remembered than are words. Some visuals are used primarily for cosmetic or enter-
tainment reasons or to orient learners to a particular aspect of the instruction. Most -
designers, however, use them to convey specific information, and there are a number of
elements that impact this process.

For example, the fidelity of the visual has long been ccnsidered critical to conveying
accurate information. In general, the more realistic visual is more detailed. A photo-
graph, thus, is closer to reality than a simple black and white line drawing. Color, on
the other hand does not tend to impact learning other than being an effective way to
differentiate ideas or to direct attenticn to key concepts (Fleming, 1987). Visuals can
serve not only as elements of instructional materials, but as the instructional message

1tself.

The Role of the Communication Channel

The nature of a channel of communication was introduced by Shannon and Weaver
(1949). While the views of what communication is have changed over the years, the
role of the communication channel has remained important to desigrers especially as
multimedia technology has become more sophisticated. In today’s world dominated by
the Internet, many senses are typically involved in mediated communication. There are
complex visuals, often. animated, and always in color. There is sound. There is text. The
basic problems confronting designers involve whether learners can accommodate these
simultaneous stimuli and if they can, how much and what type of information can be
processed in this manner (Moore, Burton, & Myers, 2004).

Single- and Multiple-Channel Cominunication

With the early interest in audio-visual instruction, researchers have addressed the issue
of whether learning was facilitated by providing information via more than one sensory
channel. Research has not been definitive. Early scholars tended to belicve that humans
could only handle a given amount of stimuli and therefore multiple-channel learning
is only effective with a small amount of information or if the information comes at a
very slow rate of speed. Thus, the single-channel approach is preferable (Travers, 1970).
However, Moore, Burton, and Myers’s (2004) more recent review of the research leads
them to believe that “the human information processing system appears to function as a
multiple-channel system until the system capacity overloads ... (and it) seems to revert

to a single-channel system” (p. 998).
This issue has more than academic importance. It is central to the utility of multimedia
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instruction and to the manner in which the new interactive technologies are employed.
It speaks, for example, to the extent to which the instructional stimuli in various modes
should be redundant, to the extent to which learners should be able to contrel the rate
and type of instructional presentations, to the effects of screen size and visual clarity, and
even to the extent to which the learner’s past experiences with technology and various
delivery systems impact information processing. It also forces designers to consider the

information load of each piece of instruction.

Information Load

Marsh (1979) defined the information load of a message as the product of the number
of chunks of information and the saliency or previous experience one has had with the
information. Thus, factors such as the number of words or concepts, the complexiiy
of the sentence structure, and the extent to which the content has been well integrated
impact information load. Similarly, the number of details in a picture, or the use of color
and motion increase the information load carried through the communication chan-
nels. Load is also affected by the rate of message delivery, and the amount of redundancy
in'the message. Too much redundancy or tco fast a presentation can lead to an unneces-
sary number of stimuli through which the human mind must sort and select. Too slow a
presentation or too little redundancy can lead to error and misunderstanding,.

The information load of a message is related to the more current notion of cogni-
tive load. Information load, however, emphasizes inessage structure, and cognitive load
emphasizes the impact of the message structure on cognitive processing. The literature
identifies three types of cognitive load. The first type, intrinsic load, is dependent upon
the basic nature and difficulty of the material. The second type, extraneous cognitive
load, “depends upon the way the instruction is designed, organized and presented”
(Mooreetal., 2004, p. 983). The third type, germane cognitive load, pertains to the effort
that learners must exert to take the material and construct a mental schema. Each of
these factors is important to instructional designers, but the most “appropriate instruc-
tional designs decrease extraneous cognitive load but increase germane cognitive load”
(Sweller, van Merrienboer, & Paas, 1998, p. 259).

The efficiency of any instructional message is to a great extent a function of the mes-
sage’s load, but when the message 1s transmitied through both auditory and visual chan-
nels, learning can actually be increased because students are using beth auditory and
visual working memories (Mayer, Heiser, & Lonn, 2001; Mousavi, Low, & Sweller, 1995;
Seel, 2008). This may be especially true when related auditory and visual elements of the
instructional message are presented contiguously (Seel, 2008).

The Artention-Getting Properties of Messages

Another critical message characteristic relates to those properties that attract the atten-
tion of the learner (i.e., the receiver of the message). There are various types of attention.
There can be both conscious and nonconscious awareness of a particular part of a mes-
sage. There can be partial and selective attention, and there can be arousal which is a type
of passive attention created by reactions to various conditions (Reed, 1988). Designers
must be aware of all types of attention. '

Most of the communication models we have discussed recognize the rote of noise,
those many stimuli that can confuse the receiver or distort a message. Communication
theorists and instructional designers alike are concerned with how, in spite of such
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noise, certain parts of a message are noticed and acted upon and others are missed.
These selective attention-getting properties can be a function of the manner in which
the text or visual is presented, or they can be a function of the natuie of the content.

Cueing Techniques

Designers have traditionally used many techniques to cue the receiver to the important
parts of printed messages. Cues which fall into these categories are designed primarily
to enhance quick perception. Designers can literally point to the important parts of the
text with arrows, or highlight the critical parts with color. They can use bold face or
very large type. Duchastel {1982) identified printing and display techmniques (e.g., differ-
ent typefaces, side headings, labeling, and illustrations) which help the reader to focus
on critical information. These are typographical cues. However, using white space and
headings to highlight critical information Is also considered to be typographical cueing
(Glynn, Britton, & Tillman, 1985). Winn and Holliday (1982) have identified other cues
that help learners interpret diagrams and charts when they make suggestions such as
arranging layouts to reflect sequential relationships among concepts, and highlighting
major concept categories.

Attention-getting elements of messages delivered in nonprint media have also been
investigated. In these materials narrative text is often less important than factors such
as sound and animation (Lancaster & Warner, 1985). In multimedia messages, audio
can provide verbal cues of importance and loud sound functions much as large print in
aighlighting critical information. Mediated instruction allows other cueing techniques.
“or example, Geiger and Reeves (1993) studied the role of cuts as devices to direct tele-
rision viewers’ attention from one scene to another so that they can make sense of the
wray of visual images. They conclude that in television viewing meaning is dependent
10t only upon the structure of the message (i.e., the cuts between the scenes), but also on
onvisual elements of the message, especially the extent to which it conforins to viewer
-ast experiences and expectations.

Content-Genercied Atiention

he past experiences of learners serve as elements of their prior knowledge and under-
andings. When there are connections between this prior knowledge and the content of
1e message, learners tend o pay more attention to this familiar material. This is known
: the activation of mental schemata. (See Chapter 4.) This procedure makes it easier to
‘ocess the new information by reducing the cognitive load and minimizing the stress
1working memory (Seel, 2008). This is a very different type of attention-getting prop-
ty from that of using cues, one that approaches the role of arousal and motivation,
suggests the utility of building on the learner’s existing frame of reference to enhance
ective attention. It is reminiscent of the emphases placed on receiver attitudes,
owledge, sccial system, and culture in the Berlo model and in the cognitive and the
le of the configurations of meaning in the Campos model.
This, however, does not mean that it is wise for instructional designers to purposely
lude especially interesting and intriguing material that is not directly related to
: learning task at hand. Such material has been called seductive details by Garner,
lingham, and White (1989). Interesting stories, cartoons, or animations can actually
rupt learning by diverting cognitive processing to irrelevant details (Mayer, Griffith,
kowitz, & Rothman, 2008). In other words, the “bells and whistles” that are now
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technologically possible in multimedia instruction can become noise (Mayer et al,,
2001). '

TRENDS IN COMMUNICATION-RELATED
INSTRUCTIONAL DESIGN

Communication theory continues to influence instructional designers, although today
the more common orientation to communication tends to emphasize interaction or
transaction, rather than transmission or behavior. Good designers use established mes-
sage design techniques in print materials as a matter of course. The application of message
design principles in multimedia and web-based environments is also common, although
there 1s often more experimentation with the best way to handle multimedia elements.
A major concern of current instructional designers deals with how to effectively struc-
ture instructional messages delivered in a computer-based format. On a very different
note (and in keeping with the dominance of interactive and transactive communication
models today), designers are more focused on the experiential backgrounds of the par-
ticipants in the communication process, both the sender and the receiver. Theorists and
practitioners alike are concerned with how these factors impact learning and meaning

making.

Designing Mediated Communication

The current emphases on nrultimedia and use of sophisticated technologies have led to
a variety.of new message design concerns. These range from facilitating online commu-
nication among and between individuals to topics such as the debilitating impact of a
learner’s attention being split between competing bits of information.

Online Communication

Mediated communication currently covers a wide range of activities: e-mail, instant
messaging, chat rooms, live chat, list serves, blogs, social neiworking vehicles, text mes-
saging, and of course the cell phone: The nature of the communication channel is con-
stantly changing. Moreover, the literature {and most informal reports from parents)
shows that young people tend to prefer using the more interactive and synchronous
modes as opposed to the less interactive methods, although the preferences tend to
depend upon whether students are interacting with peers or relatives. For social com-
munication, instant messaging is dominant (Quan-Haase, 2007).

Not surprisingly, most of these new communication avenues are being incorporated
into formal instruction, not oaly in traditional face-to-face instruction, but also in
online programs and other forms of distance education. Designers of online instruction
are concerned not only with how these communication strategies can facilitate learning,
they are also interested in how these activities can promote learner collaboration and
cooperation and how they can aid students through tutoring and coaching.

While the object of many instructors is to use the many new technologies to increase
student communication in online settings, the more relevant question often concerns
the nature of the communication rather than the quantity of messages. For example,
while social interactions abound among students, only the content-related messages
impact formal learning. Moreover, communication should be overt; lurking in a
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discussion does not typically aid the learner. More active involvement helps students do
better. Similarly, the quantity of instructor messages to students does not in itselfincrease
student performance. The social role of the instructor is important. Interpersonal mes-
sages from instructors are motivational and increase the students’ social presence
(Gerber, Grundt, & Grote, 2008; Visser, Plomp, Amirault, & Kuiper, 2002). Designers
are selecting instructional strategies and media that facilitate communication among
learners and promote collaboration and interaction in spite of distance separations.

The Split Attention Dilernma

Split attention became an important concern of teaching and learning scholars as a by-
product of the expioration of factors that create a load on cognitive processing. While
split attention can occur when learners must integrate information that is in two differ-
ent places in a piece of instructional material, i.e., some pages removed from each other
(Posiak & Morrison, 2008), the most common problem is when instructional informa-
tion is presented in two different modalitics; i.e., audirory or visual (Mayer & Moreno,
1998). It many respects this is simply another way of exploring the issue of single- and
multiple-channel learning. Efforts to study the split attention phenomenon, however,
lead easily to examining the related question of how redundant information in both the
auditory and visual channels impacts learning.

In multimedia instruction redundant information tends to be in one of two forms: (1)
animations with explanatory text, or (2) animations with audio explanations. The cur-
rent wisdom supports the latter approach—always presenting words as spoken text—
because the first tactic tends to overload the visual working memory and the learner’s
visual attention is split between reading the words and analyzing the visuals. In other.
words, “when they are looking at the words they cannot look at the animation, and
when they look at the animation they cannot look at the words” (Mayer, 2008, p. 766).
The study of split attention has led to very concrete principles of designing instructional
inessages in a multimedia format.

Learner Background and Meaning-Making

In today’s world, the positivist orientation, one which seeks universal generalizations,
has lost jts broad base of support because it tends to discount the impact of culture, his-
tory, and individual characteristics. Factors that attune instruction to unique learners
are more important to current instructional designers. This is now the case in corpo-
rate training, K—-12 environments, and higher education. Consequently, the culture and
distinctive backgrounds of both the senders and receivers of the instructional messages
become central to the design task.

The Impact of Culture

Education and training is increasingly an activity with worldwide implications. This
phenomenon is exacerbated by reliance upon the Internet as a means of delivering
instruction which in turn allows learners to be dispersed throughout the world. Even
local student bodies often have a large amount of ethnic diversity. Thus, the learner’s
culture now plays a critical role in the learning process.

. Culture hasbeen defined in many ways, but most generally it is assurmed that “culture
isa manifestation of ways in which an identifiable group adapts to its changing envi-
ronment” (Wild & Henderson, 1997, p. 183). To be more specific, culture pertains to
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factors such as customs, traditional ways of thinking and acting, societal norms and
moral standards, and language and speech patterns.

There are two major ways in which instructional designers address culture. They
either globalize (or internationalize) the instruction so that the materials are in effect
culture-free or they localize the instruction so that the needs of a particular group of
learners are directly met and the materials are culture-specific. If the globalization route
is taken, then designers must avoid using techniques such as humor, acronyms, collo-
quial language, and culture-specific metaphors (Young, 2008). The resulting instruction
then becomes cross-cultural in nature,

On the other hand, culture elements can become integral to the instruction. Young
(2009) has devised an ID model that integrates cultural considerations into each phase
of the ID process. It isa model that requires a culturally sensitive design team, inchiding
- a cultural expert who represents the targeted learning community. It is a comprehensive
model that can be used for custom development of new instructional products or for
modifying or evaluating existing products. Many factors are addressed in terms of the
particular target audience, including the suitability of the:

»  Content, including information that is backgrounded (ie., assumed and
de-emphasized) and that which is foregrounded; -

*  Visual representations;

+ Instructional strategies; and

+  Distribution formats.

The target andiences are analyzed in many ways. They are considered in terms of
elements such as aesthetics, economy, language and symbolic communication, demo-
graphics, history, and beliefs and values. All of these factors impact the manner in which
learners process, understand, and interpret instructional messages. They also influence
the manner in which the instruction itseif is constructed since it may reflect the cultural

orientation of the designer.

The Impact of Age

Many feel that generational commonalities create a culture, and generational effects
have long influenced communication. These effects can be quite apparent when the
communication is through technology. Consequently, current designers are especially
conscious of the impact age has on learning with technology. Interestingly, gender
effects ‘on technology-based learning, which were once common, are seldom
apparent in the younger generation (Dresang, Gross, & Holt, 2007; Wang, Wu, & Wang,
2009).

This new generation is often called the “Net-Generation” to reflect their having
been born into and grown up with the Internet. Technology-based communication
is a regular part of a typical day. They send text messages, instant messages, and e-
mails. It is routine to use the Internet, and simulations and gaming activities are ordi-
nary. This generation has a “novel ability to read multiples texts (e.g., words, images,
and video)” (DeGennaro, 2008, p. 1). Moreover, through these processes they use
these technologies to socially construct new knowledge (DeGennaro, 2008). They
make meaning with each other and with technology. Astute instructional design-
ers are building upon these habits by employing many vehicles of mobile-learning
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(e.g., personal digital assistants, iPods, and wireless computers) to make learning an
anytime/anyplace activity.

While older-adult learners are less likely to gravitate to mobile-learning (Wang etal,,
2009), they can be taught to use computer-based instruction. However, in these situ-
ations special attention needs to be given to the cognitive load of the message so that
working memories are not over-taxed and pacing decisions should ideally be left to
the learner (Van Gerven, Paas, & Tabbers, 2006). We cannot be sure that these more
problematic issucs will continue to 1mpact older adults and technology use. Czaja er
al. (2006) suggest that the technology difficulties of many older adults may be scen as
historical idiosyncrasies rather than evidence of age-related decline since these people
grew up in the time in which computers were first introduced. If this is true, as today’s
younger adults age, their behavior patterns and attitudes may well be very differeunt from
the previous generation. This is encouraging since technology-based comimunication is
becoming the norm in the workplace.

RESEARCH, COMMUNICATIONS THEORY,
AND INSTRUCTIONAL DESIGN

Communications theory has a fairly robust empirical base, and its ID applications have
a similarly firm research foundation. This research started early in the history of the field
and is continuing today. Here we will provide an overview of representative research
that informs ID practitioners of the most important and effective applications of com-
munication theory, and then we will suggest new avenues of research that could provide

further support.

Empirical Support of Communication Theory Applications in
Instructional Design
The ID field looks to communication theory primarily as a guide to message design. The
principles and their supporting research address messages delivered through both text
and visuals with an increasing emphasis on multimedia. Some of the richest of these

research agendas pertain to:

> Explorations of the impact of the communication channel (see Saettler, 1968;
Moore, Burton, & Myers, 1996, 2004);

*  Typographical and visual cueing techniques (see Hartley, 1996, 2004); and

*  Message structure and its impact on information processing (see Pettersson, 1989;

Sweller et al.,, 1998; Mayer, 2008).

The early approaches to communication were primarily from a GST orlenta-
tion. However, much of the newer research is now drawing upon advancements in
other fields. For example, the new cognitive load literature is intimately involved with
* psychology and cognitive information processing theory. Voss (2008) has constructed
a model of those factors that impact the design of static visual information which
integrates research from message design, cognitive psychology, neurology, and
information theory. It is likely that others will carry on such interdisciplinary

work.



Communication Theory - 49

Recommendations for Continuing Reseurch

Given theé well-established tradition of research in this arca, there is no reason to believe
it will not continue. We suspect that much of this new research will focus on the new
interactive media and online learning since these delivery formats are so dominant at
this time. Not only will the mechanics of the communication process be studied in these
environments, but we expect to see that more psychological aspects of mediated comimu-
nication will be addressed. For example, some have suggested that online and technol-
ogy-enhanced communication can be more open; and more democratic. There will be
many opportunities to study this and other hypotheses given the proliferation of blogs.

Another area of research recomniendations relates to the way in which new knowl-
edge is acquired through sociel communication processes. These projects could explore
simultaneous communication activities that may or may not involve technology. Such
research may venture into areas such as joint problem solving, teamwork, or distributed
cognition. It is also likely that the exploration of the role of learner background in devel-
oping or accepting new ideas will continue as education and training become even more

globalized.

SUMMARY

Communications theory was one of the earliest parts of the ID knowledge base to be
developed, and it continues to be shaped today. This chapter has shown the course of this
‘development first by explering the evolution of comimunication models, and by match-
ing these models to a similar philosophical evolution of ways in which we have under-
stood the nature of knowledge and meaning-making. In addition we have described the
impact of these various lines of thinking on ID practice, both traditionally and in rela-
. tion to the new and emerging emphases in education and training. Table 3.2 summarizes

all of this material.

Table 3.2 An Overview of Communications Theory and instructional Design

1. Key Principles:
» The communication process can be viewed as a matter of transmissicn, behavicr, interaction, or

transaction.

* The typical components of the communication process are the information source, the message,
channels (auditory and visual), noise, environment, information receiver (including cultural
backgrounds and previous experiences), interpretation of meaning, and feedback.

2. Philosophical Emphases: The following generalizations can be made:

- Transmission and behavioral emphases have an empiricist and/or a rationalist view.

+ The interaction emphasis has a humanist view.

* The transaction emphasis has 2 constructivist view.

3. Basic Research Support: Shannon’s early channel and noise research; Gestalt research and theory
related to perception.

4. Early Contributors: Communication Theory: David Berlo, Malcolm Maclean, Wilbur Schramm,
Claude Shannon, Warren Weaver, and Bruce Westley; ID Applications: James Hartley and Robert
Travers.

5. ID Applications:

* Culture-Based ID Models

> Message Design

+ Multimedia Design
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Tahle 3.2 Continued

6. Supporting ID Research: Studies of:
- Elements that direct attention in instruction (c.g. Frank Dwyer)
+ Multimedia message design (e.g. Richard Mayer)
+ Single- vs. multiple-channel processing {e.g. Robert Travers, Allan Paivio)
- Studies of effects of message structure on cognitive processing (e.g. John Sweller and colleagues)

7. Related Concepts:
- Cognitive Load
- Cueing Techniques
- Globalized and Localized Education and Training
- Information Load
- Single- and Multi-channeled Cormmunication
+ Split Attention
+ Visual Language and Learning

Communication theory adds a great deal to the ID knowledge base, and has implica-
tions for each of its major domains. Table 3.3 shows the ID elements that branch out
from communication theory and how they fit into the six domains of the ID knowledgc

base.

able 3.3 Instructicnat Design Demains and Elements Related to Communications Theory

Learners and Learning Processes
+ Learner Characteristics (Aftitudes, Background, Culture, Demovraphncs Motivation)

Learning and Pexrformance Contexts
- Lnvironment {Message Context, Social Systems, Society, Technology-Based)

* Physical Materials and Arrangements

Content Structure and Sequence
+ Informaticn and Cognitive I.oad
- Message Structure (e.g., Vocabulary, Grammar, Visnals, Color)

instructional and Noninstructional Stratevxes
> Eliminating Noise
» Facilitating Interaction and Social Communication
» Facilitating Online Communication
» Giving and Receiving Feedback
+ Securing and Focusing Attention

Media and Delivery Systems
+ Auditory and Visual Delivery Channels
- New Technologies and Message Transmission
Designers and Design Processes
* Message Design (e.g., Gaining Attention, Typographical and Visual Cues)
* Multimedia Design (e.g., Avoiding Split Attention, Information Redundancy, Sound Perception)
- Text Design (e.g., Page and Type Size, Typeface, Spacing, Capitalization)

When you add these elements to those stemming from GST, you can see how the ID
nowledge base is growing. This development will continue in Chapter 4, which relates
» learning theory. This is a complex theory base rooted in a long research history, one
hich is vital to ID.



4

LEARNING THEORY

The primary purpose of instructional design (ID) is to facilitate learning and improve
performance. Therefore, theories which explain learning are extremely relevant to
designers and the field’s knowledge base. Learning theory involves understanding the
role of human behavior and mental functions of the mind. It also provides noteworthy
cxplanations of both learning and performance. In this chapter we will explore:

Several learning theories including behavioral, cognitive, and social learning
approaches;

+  The application of learning theory to ID; and

»  Empirical foundations for learning theory applications to ID.

LEARNING THEORY AND INSTRUCTIONAL DESIGN

Although psychologists have been interested in studying the process of learning since the
tate 1800s, their views of learning have evolved over the years. Early definitions primarily
focus on a change due to certain external conditionsas indicated by Hilgard (1956) who
states that “learning is the process by which an activity originates or is changed throngh
reacting to an encountered situation . . .” (p. 3). Building on early definitions, Mayer
(1982) acknowledges experience as a key ingredient in learning. A central element in
ctirrent definitions of learning focus on the process of acquiring knowledge and skill (Ni
& Branch, 2008) rather than on changes in behavior. Although all of these components
in learning are significant, we believe that Mayer’s (1982} definition of learning is still
refevant today:

“Learning” is the relatively permanent change in a person’s knowledge or behavior due
to experience. This definition has three components: (1) the duration of the change
is long-term rather than short-term; (2) the locus of the change is the content and
stracture of knowledge in memory or the behavior of the learner; (3) the cause of the
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change is the learner’s experience in the environment rather than fatigue, motivation,
drugs, physical condition, or psychological intervention. (p. 1040)

While there are definitions of learning that reflect other points of view, in this chapter
we will explore behavioral, cognitive, and social learning theories within the framework
of the Mayer definition. In addition we will discuss ID applications stemming from each
of these theories.

Behavioral Learning Theory

Behavioral psychologists view learning as the ability to perform new behaviors; they
focus on a stimulus-response approach to learning. Actions may be established by a
researcher or, in applied situations, by a facilitater, teacher, or instructional materials.
In these learning sitnations, there is an effort to create conditions which will enable the
learner to demonstrate desired behaviors and perform them over a period of time.

Here we will summarize the major principles of three key behavioral theories and then
discuss their importance to [D. These theories are connectionisin, classical conditioning,
and operant conditioning. ’

Connectionism

One of the original stimulus-response theories was developed by Edward L. Thorndike.
His theory was a type of bond psychology, typically called connectionism. He saw learn-
ing as a trial and error process. One learns by making a response, receiving reinforce-
ments if it is corréct, and thereby making a connection.

Thorndike’s most farnous experiments dealt with hungry cats. The cats were placed in
a closed box with food outside. The objective was for the cat to discover how to open the
door in the box and find the food. At first, the cat’s behavior was random and time con-
suming; however, after accidentally finding the solution, later trials were much shorter
{Guthrie, 1960). Results from these studies formed the basis of Thorndike’s theory of
connectionism.

There are three major laws in this theory: the laws of effect, readiness, and exercise.
The law of effect basically indicates that once a connection is made, the strength of that
connection 1s dependent on what follows. A reward will strengthen the behavior, making
it habitual, and a punishment will weaken the behavior. Thorndike thought that rewards
were much more important than punishments (Mowrer, 1960).

Thelaw of readiness indicates that if an organism is prepared for action, it will behave
in a manner that maintains the connection. Thus, making a connection will be satisfying,
But if the organism is not ready, the connection will become annoying, and the organism
will do things to eliminate it. This is not like reading readiness, because it has nothing to
do with having the necessary prerequisite skills or being mature enough. Rather, it is a
physical readiness for action (Bower & Hilgard, 1981).

Finally, there is the law of exercise. This relates to strengthening connections through
>ractice and weakening other connections through disuse. The law of exercise has impli-
ations for the use of practice and the concept of forgetting. Thorndike emphasized the
mportance of practice followed by rewards for a correct response. Thus, his laws of

ffect and exercise are related. Thorndike put no emphasis on the role of meaning or
nderstanding. His work concentrated on ways of increasing the occurrence of certain
zhaviors, and understanding how they occurred (Bower & Hilgard, 1981).

s
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Classical Conditioning

Ivan Pavlov was one of the first true behaviorists. In studying dogs, he looked for situa-
tions in which one could produce a natural response (i.e., salivation) by using an unre-
lated stimuius (i.e., light). This phenomenon occurred after the unrelated stimulus had
been combined for a period of time with food—a more natural elicitor of the desired
response. In a normal situation, the natural response (i.e., salivation) is the uncon-
ditioned response to the unconditioned stimulus (i.e., food). However, the natural
response can become a conditioned response if paired often enough with a conditioned
stimulus (i.e., light).

There are many aspects to Pavlov’s ideas based on his classical conditioning experi-
ments. Three of them will be discussed here: reinforcement, experimental extinction,
and generalization. Reinforcement occurs when the probability of a response (as mea-
sured by its frequency or speed) is altered by a stimulus provided by an experimenter.
Positive reinforcernent is when the provision of a stimulus increases the probability of a
desired response. Negative reinforcement, on the other hand, is when the removal of a
stimulus decreases the probability of an undesired response.

Experimental extinction occurs when reinforcement is discontinued and the condi-
tioned stimulus is presented alone, without the unconditioned stimulus. In the salivat-
ing dog example, experimental extinction is achieved by dropping the unconditioned
stimulus (i.e., food) until the conditioned response (i.e., salivating to the light) no longer
occurs. A phenomenon which routinely occurs in this sitnation has been labeled “spon-
taneous recovery”. In other words, the conditioned response can suddenly reappear with
2o prompting. Extinction is not a case of forgetiing. The response is weakened consider-
ably, but can reoccur (Bower & Hilgard, 1981). '

Generalization occurs when the eliciting properties of one stimulus are taken on by a
similar stimulus. In Pavlov’s studies, once a doglearned to salivate in response to hearing
a certain sound, it would salivate when a similar sound was presented. Generalization
means responding the same way to similar stimuli (Woolfolk, 1998).

Operant Conditioning

B. F. Skinner is considered by many (o be one of the most influential psychologists of the
twentieth century. He continued the development of theory related to stimulus-response
and reinforcement by focusing on operant conditioning—manipulating variables in an
-effort to identify, predict, and control behavior. The goal of operant conditioning is to
strengthen a response by following it with reinforcement.

Some of the most important aspects of Skinner’s theory relate to the role of reinforce-
ment in operant conditioning. Similar to Pavlov, Skinner also distinguishes between
positive and negative reinforcement. For example, food and water are positive reinforce-
ment for a deprived organism. Froviding this type of stimulus will increase the chance
that the desired behaviors will recur. A loud noise and extreme heat or cold are exarnples
of aversive stimuli. Removing such an aversive stimulus will likely increase the probabil-
ity that a desired behavior will occur. Punishment is not negative reinforcement.

Reinforcement of operant behavior is not always consistent over time (Bower &
Hilgard, 1981). Casinos are an excellent example. Players know that they will not win
every time they put money into a slot machine. However, slot machines are programmed
so that the schedule for administering money (i.e., intermittent reinforcement) has an
impact upon conditioning and the resulting strength of the response. A player will win
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money often enough to continue the game. Skinner’s principle of time intervals explains
this situation. There is a relationship between time intervals which separate the rein-
. forcement (i.e., how often the slot machine gives money) and the resulting behavior
(i.e., continuing to play the slot machine). Intermittent reinforcement tends to lead to a
continued response.

Extinction ultimately occurs when the reinforcement that has maintained the behavior
simply stops (Driscoli, 2005). In the casino example, if the slot machine stops delivering
money the player will eventually stop playing. Skinner concluded that if the goal is to elim-
inate a response completely, punishnient is not the most effective technique. In the casino
exainple, yelling at the player to stop playing would be an ineffective way to eliminate the
behavior. Eliminating the reinforcement (i.e., the money winnings) is a more effective way
to achieve the desired behavior (i.e., the player stops playing the slot machine).

Another important area of Skinner’s theory is the notion of shaping (Bower & Hilgard,
1981). In working with animals, Skinner trained some to press and hold down a lever
with force. First, he rewarded the animal with feod for any lever-press. Then he rewarded
only those presses which successively exceeded that force. The result was the extinction
of weaker presses and the strengthening of forceful ones, thus shaping the behavior.

Instructional Design Applications of Behavioral Learning Theory

Skinner’s conclusions related to operant conditioning, reinforcement, time intervals,
extinction, and shaping have been applied to many practical situations and in numerous
instructional contexts. According to Driscoll (2007), “The principles . . . that Skinner
and his disciples investigated in their research and tried out in instructional applications
have had significant impact on the ID field” (p. 38). Here we discuss several applica-
tions of behavioral learning theory to ID, including teaching machines and programmed
instruction, task analysis, behavioral objectives, practice and feedback, and behavioral

‘fluency.
Teaching Machines and Programmed Instruction
The introduction of Skinner’s teaching machines in the 1950s was an early application

of the behavioral principle of shaping. Teaching machincs require students to work
through a series of small frames of instruction that are sequenced in a prescribed order
and to compose responses to practice items related to the content (Skinner, 1958). A
correct response allows students to go to the next step in the sequence, while an incorrect
answer requires them to repeat the frame.

Teaching machines led to the development of programmed instruction. These pro-
grammed materials included: (1) content broken into small, carefutly designed sequenced
steps; (2) active participation where learners compose a response, rather than selecting
it from among alternatives; (3) immediate feedback to shape and maintain the learner’s
behavior; and (4) learner control of the pace of instruction. Skinner called these materi-
als programmed instruction (Reiser, 2007a).

According to Heinich (1970), “Programmed instruction has been credited by some
with introducing the systems approach to education” (p. 123). Furthermore, Lumsdaine
(1964) indicates that Skinner’s work on programmed instruction inspired many psy-
chologists to become interested in the practical problems of instruction. Programmed
instruction follows an empirical approach to analyzing instructional problems. This
principle is followed today when instructional designers conduct task analysis.
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Task Analysis ‘

Bchavioral learning theory is applied to ID to analyze the tasks a student undertakes
to reach an instructional goal. According to Jonassen and Hannum (1986), “In some
contexts, task analysis is limited to developing an inventory of steps routinely performed
onajob” (p. 2). Also known as procedural analysis or job analysis, the product of a task
analysisis a list of the observable steps and the skills required at each step (Gagné, Briggs,
& Wager, 1992). Thus, a task analysis includes the identification and breakdown of tasks
that must be learned and the description of the overt behaviors needed to perform thase
tasks.

Designers use task analysis to deconstruct the steps involved in performing a task.
Once the desired task is identified, each siep leading to that task must be determined. All
of the steps required to perform the desired task are documented and listed in a sequen-
tial manner. Following a systems approach to ID, the output of task analysis serves as an
input for developing behavioral objectives.

Behavioral Objectives

Behavioral objectives are precise statements written in measurable teris that describe
what learners .are expected to do after instruction (Mager, 1962). Objectives are state-
ments of learning outcomes that rypically include three components (Dick, Carey, &
Carey, 2009; Smith & Ragan, 2005). The first part is a description of an observable behav-
lor using an action verb (e.g., interpret, establish, negotiate). The second component 1s
the conditions under which students exhibit the behavior. Conditions often include the
tools or information learners will be given when they demonstrate the behavior (e.g.,
technology, measurement instruments, job aids). The final part is the standard or cri-
terion which describes how well the learner must perform the task (e.g., accuracy, time,
number.of correct responses). Most instructional designers create objectives following
this approach. It stems directly from the behaviorist emphases on observable perfor-
mance rather than on learning processes.

Practice and Feedback

The law of exercise, which suggests that connections are strengthened through practice
and weakened through disuse, hasimportant implications for the design of instruction.
Most systematic ID models include the element of practice. As Driscoll (2007) states,
“. .. specifying desired behaviors as objectives points out the need to ensure that learn-
ers have sufficient opportunities to practice these behaviors as they learn” (p. 38). Dick
et al. (2009) suggest that designers can enhance learning by providing practice activities
that are directly relevant to objectives. Research consistently shows that practice coupled
with feedback has a strong impact on learning. (See Chapter 7.)

Early notions of feedback were influenced heavily by behavioral learning principles
suggesting that feecback was essentially the same as reinforcement (Driscoll, 2007).
But as Kulvavy and Wager (1993) indicate, “The feedback-as-reinforcer position . . . is
basically illogical, supported virtually by no data, and has rarely been directly espoused
by Skinner himself” (p. 4). This suggests that using feedback as a reward or motiva-
tor during instruction has little impact on learning. However, when feedback is used
correctly, it can provide information to learners. From a behaviorist point of view,
information feedback provides learners with verification of results (Kulhavy & Stock,

1989).
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Behavioral Fluency

To some educators, learning goals encompass more than‘simpiy acquiring new behav-
iors. Instead these behaviors need to be performed at a minimum raté.” This is known
as behavioral fluency. Behavioral fluency is the combination of accuracy plus speed that
characterizes competent performance (Binder, 1996). Fluency-based education strives
for automatic or second-nature performance outcomes (Haughton, 1972). Research on
behavioral fluency suggests that learners who achieve appropriate frequencies of accu-
rate performance are more likely to retain what they have learned, be resistant to distrac-
tions, and be more likely to transfer their learning to other situations (Binder, 1993).
The acronym REAPS (retention, endurance, applications, and performance standards)
is used to describe the compounents of behavioral fluency (Binder, 1996). Designers use
REAPS principles when the content requires both accuracy and speed as measures of
successful performance. These ID principles once again emphasize the importance of

practice (Binder, 1993)

Cognitive Learning Theory
Cognitive psychology has a different theoretical orientation than behaviorism. The
original purpose of the cognitive revolution was to bring the “mind” back into the
human sciences (Bruner, 1990). Thus, the tenets of cognitive psychology are based
on how individuals obtain, process, and use information. Cognitive learning theory
focuses on explaining the cognitive structures, processes, and representations that
mediate instruction and learning (Smith & Ragan, 2005). Cognitive theorists believe
the learner’s mental processes are the major factor in explaining learning. The ways
that iearners process and apply information changes one’s thoughts and internal men-
tal structures. Here we will examine three cognitive orientations: Gestalt theory (a link
between behavioral and true cognitive theory), informaticn processing theory, and

schema theory.

Gestalt Theory

One of the early movements to offer alternatives te the stimulus-response approach to
learning started in Germany in the first part of the twentieth century. Max Wertheimer,
Wolfgang Kohler, Kurt Koftka, and Kurt Lewin were the leaders of what became known
as Gestalt theory. Gestait means “both shape or form and entity or individual . . . Gestalt
psychology is the study of how people see and understand the relation of the whole
to the parts that make it up” (Winn, 2004, p. 82). Instead of seeing behavior as iso-
lated incidences, Gestalt psychologists believe that an individual always reacts in a total,
well-organized response to a situation (Mowrer, 1960). Furthermore, central thinking
processes account for more behaviors than simple stimulus-response activities. Thus,
Gestalt theory was one of the very early cognitive learning theories, and an important
forerunner of information processing theory.

Some of the concepts in Gestalt theory apply directly to learning. These include the
laws of similarity, proximity, and closure. These laws explain perceptual principles of
organization that describe how learners recognize and remember various aspects of
instruction. In addition, they also explain what learners tend not to notice or remember.
The law of similarity states that itemns with similar features (such as similar color or form)
tend to be grouped together in our minds. The law of proximity states that elements with

close proximity to one another also tend to form perceptual groups. Finally, the law of
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closure refers to the act of mentally completing a physically incomplete object {Bower
& Hilgard, 1981). Since closed figures are morve stable, learners tend to remember open

P

figures as instead being closed.

Gestalt principles explain symmetry and perceptual organization as emergent prop-
erties similar to the concept of the whole as being greater than the individual parts. A
memory trace is one example of symmetry and percepiual organization. It is a change
in the memory system resulting from perception and encoding of information (Weiner,
1966). Information stored in memory, such as concepts and words, are represented as
bundles with attributes or features called trace elements. Memory traces represent a past
event in the present and tend 1o be reproduced differently from the criginal. When a
learner recalls something from the past, it is retrieved from memory, and the learner
may restructure or remember things more organized than originally presented. Learners
will systematically and progressively move toward a “good” gestalt. They may make the
memory more uniform, sharpen or highlight important details, or normalize the mem-
ory into something familiar. A trace is “a ‘cognitive blueprint’ that specifies the condi-
tions under which the recollection of the event will occur” (Tulving & Watkins, 1975,

p. 262).

Information Processing Theory

Information processing theory is based upon the view of the human mind operating in
much the same way as a computer: taking in data, then analyzing, storing, and retrieving
it. Heré we explore learning and how the mind operates from this position.

Memory, according to Seel (2008), “is the mental faculty of retaining and recalling
past experiences™ (p. 40). From the information processing vantage point, there are
at least three different types of memories, each of which serves a different function in

“the learning process (Atkinson & Shiffrin, 1968). These three memories are shown in
Figure 4.1.

Sensory memory is the first stage of information processing (Driscoll, 2005).
Information is received here in cither a visual or an auditory form. The information that
comes into the sensory mernory is held for a brief time, just long enough for one’s atten-
tion mechanisms to determine if the information is relevant, or if it sheuld be ignoved.

SENSORY LONG-TERM
MEMORY WORKING MEMORY
{visual and | i MEMORY RETRIEVAL

auditory)

REHEARSAL

Figure 4.1 The Memory System from an Information Pracessing Viewpoint.

Note: Adapted fram The Theoretical and Conceptual Bases of Instructiona! Designby R. Richey, 1986, p. 68. Copyright 1986
by Rita C. Richey. Used with permission.



58 - Learning Theory

If the information is attended to, it moves to the second type of memory: working
memory. Here information is organized and held on a short-term basis. The time infor-
mation is held in working memory is deterrined by two things: the amount of informa-
tion being stored and the rehearsal process. Working memory has a limited information
capacity. According to long-standing research, only seven, plus or minus two, chuks of
information can be retained in working memory at one time (Miller, 1956). Thus, infor-
mation in working memory can be replaced by new incoming information if the load
capacity is exceeded. Information is constantly moving in and out of working memory.

While information is being held in working memory the learner engages in the process
of rehearsal. Rehearsal facilitates information storage and recall. It also can create new
cognitive structures leading to a more efficient long-term memory (Ericsson & Chase,
1982). If the learning situation demands instant recall, more rehearsal is needed. This
includes activities which help process material into active working memory to facilitate
deeper processing for recall. Rehearsal readies information for immediate recall, as well
as organizes it for transfer to long-term memory—the third type of memory.

The information in long-term memory is commonly considered to be that which has
been learned and can be retrieved on demand. Long-term memory can be consciously
controlied. The information stored in long-term memory, however, must be meaning-
ful. One of the goals of ID is to create instruction that assists learniers in making sense of
information so that information can enter and be retained in long-term memory. This

process involves the use of mental schema.

Schema Theory

Schema theory focuses on the construction of mental schema or data structures that rep-
resent generic concepts (Smith & Ragan, 2005). A schema exists in long-term memory
and refers to how our knowledge is organized in memory. The notion of a mental schema
is critical to understanding cognitive theory. Through the use of a schema, learners
are able to attend to or activate certain parts of memory. A schema aids in compre-
hension, storage, and retrievai of new knowledge. It also aids perception by facilitating
selective attention, comprehension, and recall by facilitating an orderly search cf one’s
memory. ‘ :

Learners organize existing knowledge into schema structures, and then use these
existing structures tc assist them in making sense of new information. Piaget suggests
that human development is characterized through acquiring and modifying schema
{Ginsburg & Opper, 1979). He maintains that schema determines how people react to
events and reflect the individual’s total knowledge. As new information is stored in pre-
viously formed schemata, they are constantly restructuring and redeveloping, changing
how learners see and interpret the world.

Information is used to create a new schema or modify existing schema. Rumelhart
and Norman (1978) outline three methods to create or modify schemata:

* Accretion—an abstract concept is added to an existing schema connecting to that

schema without altering its essence; _
» Tuning—an existing schema is modified slightly to better conform to existing

experience; and o .
+ Restructuring—the creation of a new schema which substitutes or incorporates

old schema.
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in 1D, the use of extensive practice assists learners 1n acquiring and altering schemata
and allows for their use in subsequent learning.

Instructional Design Applications of Cognitive Learning Theory

Here we discuss the cognitive design strategies that facilitate the storage and retrieval
of information, including message design techniques, and instructional strategies such
as rehearsal, chunking, mnemonics, and the use of advance organizers. In addition, we
discuss the use of cognitive task analysis, a cognitive design process.

Message Design Strategies

v of the lessons of ccgnitive learning theory relate to how good instruction can
sitract attention and facilitate recall, Building upon Gestalt principles, designers will

enlight an inherent order and organization in the lesson. This conceptual struc-
~wvatds in establishing and preserving accurate memories of the instruction. Moreover,
. extent to which this structure is consistent with learner past experiences, the more
0 -ly it is to aid learning. However, the structure of instructional materials can also
iuive physical elements that aid perception and then in turn memory. For example, color
~ding techniques and symmetrical and balanced visuals often serve this purpose. The
zneral appearance of the textbook page or the computer screen often impacts learning
more than the individual parts of the presentation.

Rehearsal

Urni of the goals of rehearsal is to relate learners’ prior experiences and knowledge
{stored In long-term memory) with new information in working memory. Learners
++h previous knowledge of a topic can recall many things from long-term memory that
tIp.them process the new information. Learners with little prior knowledge, how-
<ver, can only make a few of these connections. Instructional designers can incorporate
: m"rip e rehearsal strategies in a lesson, such as repeating key points, providing ques-
115 and answers, predicting and restaung, reviewing, and summarizing. Study skills

g 1ch as note taking, underlining, and using study gmde questions can also facilitate

;chearsal.

Chunking

nly a limited amount of information can remain in working memory, but there is a
nrocess fer increasing this amount: chunking. We have previously cited the classic Miller
woudy (1956) showing that seven (plus or minus two) items are typically held in work-
1y, memory. While this principle is still appropriate, the amount of information in a
“isvieitera can be altered by chunking, or grouping, similar information. For example,
; inburing each individual number of a phone number such as 5513628943 may be
difiioult. However, if you chunk first the area code numbers (551), then the exchange
36 1, and finally the last four numbers (8943), it will be easier to hold this number in
=g seeinory just long enough to dial the number. Miller (1956) refers to this pro-
¢ recoding the information. ‘
"o promote efficient learning and long-term retention, instructional designers can
aterials that incorporate recoding activities which recognize the standard capac-
>t shori-term memories. For example, a des1gner is creating instruction that teaches
how i operate a piece of equipment that requires 15 steps. The designer can chunk the
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steps into three logically named groups with five steps in each group to assist learners in
retrieval.

Mrnemonics

Mnemonics are another usetul technique for promoting information storage and
retrieval. Learning what may appear to be unrelated information will make more sense
when connecting it in a memorable fashion. A mnemonic provides a retrieval cue for
factual information (Kuo & Hooper, 2004). For example, when given the task of learning
the names of the Great Lakes, a learner may use the word “HOMES” (Huron, Ontario,
Michigan, Erie, and Superior) to help make the names of the lakes more meaningful.
- The word “HOMES” is familiar, and makes logical sense to learners, thus allowing
them to recall the names of the Great Lakes. Through the use of mnemonics, instruc-
tional designers can facilitate the use of cues to retrieve information from the learner’s
relatively permanent memory storage. Mnemonics provide a substitute for rote memo-

rization.

Advaace Organizers

Advance organizers are mtroductory materials that are presented at a higher level of
generalization, siniplification, and comprehensiveness than the learning content itself.
The advance organizer is presented prior to the material to help bridge the gap between
what learners know and what they need to know when iearning the material (Ausubel,
1978). The construction of an organizer depends on the nature of the content, the age of
the learner, and the learner’s prior knowledge of the information. [t is an overview or a
surnmary presentation of the principal ideas, omitting the specific details in the learning

material itself {(Ausubel, 1978).

Cognirive Task Analysis

With the current dominance of cognitivism in ID, the task and learner analysis com-
ponents of ID models were expanded (Saettler, 1990). Rather than focusing only on
observable tasks tobe perforimed, instructional designersbegan to use techniques for ana-
lyzing the nonobservable and mental tasks that will be taught. According to Schraagen,
Chipman, and Shalin (2000) cognitive task analysis “is the extension of traditional task
analysis techniques to yield information about the knowledge, thought processes, and
goal structures that underlie observable task perfermance” (p. 3).

For example, if a design project focused on employee coaching techniques, the
designer would document the steps managers must perform in a coaching session. In
addition, the mental tasks the manager would perform while coaching the employee
would also be documented. These tasks could include on-the-spot decision making and
problem solving. Emphasizing both the cognitive and the behavioral aspects of a task
can lead to more comprehensive instructional goals and objectives and can also assist
designers in explaining the reasoning behind learner performance (Smith & Ragan,

2005).

Social Learning Theory

Social learning theory expands notions of learning by focusing on the impact of the
social environment. Here we will explore this theory through the work of J. B. Rotter

and Albert Bandura.
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The Foundations of Social Learning Theory

]. B. Rotter (1954) maintains that “the major or basic modes of behaving are learned
in social situations . . .” (p. 84). His theory of social learning includes four main vari-
ables: (1) behavioral potential, (2) expectancy reinforcement, (3) reinforcement value,
and (4) a psychological sitvation (Rotter, Chance, & Phares, 1972). Behavioral poten-
tial is the probability that a person will act in certain ways depending on the situation.
This includes observable and nonobservable behavior. Expectancy reinforcement is the
individual’s belief that a specific behavior will likely lead to a particular reinforcement.
Reinforcement value relates to how much a person values an outcome relative to other
possible outcomes. The psychological situaticn includes the context of the behavior,
focusing on how an individual views a particular situation; this in turn affects reinforce-
ment value and expectancy (Pintrich & Schunk, 2002).

Social Cognitive Theory

Rotter’s work was the forerunner of social cognitive theory, an expansion of social learn-
ing theory that focuses on observational learning (Bandura, 1997). Bandura and his
colleagues discovered that a child will imitate the behavior performed by an adult if
the adult was positively reinforced for that behavior. As stated by Burton, Moore, and
Magliaro (2004), “virtually all learning phenomenon resulting {rom direct experience
occur on a vicarious basis by observing other people’s behavior and its consequences for
them” (p. 12). '

A basic assumption of social cognitive thecry is that learners draw out information
from observing the behaviors of others, and then make decisions about which of these
behaviors to accept and perform. This observational and decision-making process is
critical in acquiring and performing new behaviors. Bandura (1978) explains that learn-
ing possesses three factors: behavior, the environment, and the internal events that influ-
ence perceptions and actions. A three-way interlocking relationship exists among these
three factors.

Social cognitive thecrists maintain that learning and performance are two separate
events in that individuals may acquire internal codes of behavior that they may or may
not pertorm later. Learning is the acquisition of symbolic representations in the form
of verbal or visual codes that serve as guidelines for future behavior. Visual codes are
abstractions of the distinctive features of events such as activities, places, and objects,
which could include a great deal of information (Bandura, 1986).

Social cognitive theory includes four components: (1) the behavior model, (2) the
consequences of the modeled behavior, (3) the learner’s internal processes, and (4) per-

- ceived self-efficacy. The function of the behavior model is to transmit information to
the learner. This information can serve to strengthen or weaken the learner’s existing
tendencies to perform particular behaviors or to demonstrate new patterns of behavior
{Bandura, 1973).

Similar to operant conditioning, the consequences of behavior are essential to learn-
ing in social cognitive theory. Consequences can be vicarious or self-imposed. When a
learner observes a model being positively reinforced for a particular behavior, he or she
may vicariously experience positive reactions. Self-reinforcement, however, is delivered
by the learner as a result of his or her own behavior. Learners tend to establish their own
performance standards; they respond to their own behavior in self-rewarding ways if
they meet these standards or they can be critical if their performance fails to meet their
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standards. These self-imposed consequences operate in conjunction with external con-
sequences (Gredier, 2001}.

Cognitive processes play an important role in social cognitive theory. The learner’s
ability to code and store experiences in symbolic form and to represent future conse-
quences in thought is essential to the acquisition and modification of human behavior.
Cognitive processing of events and potential consequences guide the learner’s behav-
lor. There are four component processes responsible for learning and performance

{Bandura, 1977a):

- Attention—noticing the critical factors of the modeled behavior;

- Retention—coding and transforming modeled information for storage and
rehearsing and encoding it into memory;

- Production—translating visual and symbolic conceptions of modeled events into

behavior; and
- Motivation—performing valued activities and those with expected positive

consequences.

Perceived self-efficacy is the learner’s belief in his or her capabilities to successfully
manage situations that may include novel or unpredictable elements. Research indicates
self-efficacy is a basic determinant of learner behavior; the greater people perceive their
self-efficacy to be, the moie active and longer they will persist in their effort to learn
(Liaw, 2002). In other words, self-efficacy is the individual’s confidence in her or his
ability to perform a specific task.

Social cognitive theory states that the essential factor in achieving complex behavior
is the individual’s self-regulatory system (Bandura, 1986). This includes standards for
one’s behavior, self-observation, self-judgment, and self-reaction. It is important to have
learners set goals and compare their performance with those goals. The development of a
self-regulatory system also relies on learner behavior, the environment, and the internal
events that influence percepticns and actions (Bandura, 1978).

Instructionai Design Applications of Social Learning Theory

Principles of social learning theory have implications for designing instruction.- These
include using appropriate models and establishing value and self-efficacy.

Using Models

Teachers, peers, fellow workers, and others can serve as live models in learning and per-
formance settings. A noteworthy application of social learning theory in ID is the use of
symbolic modeling. Symbolic models such as pictures, cartoon images, and avatars are
used frequently in electronic media. A symbolic model in an electronic source can be
viewed multiple times depending on student needs.

Both live'and symbolic models can teach abstract cognitive rules, problem-solving
strategies, and sequences of integrated motor skills (Carroll & Bandura, 1982). In either
case, it is critical that the model be credible, respected by the learner, and someone with
whom learners can identify. Learners must also see the model’s behavior as being either

reinforced or punished (Martin & Briggs, 1986).
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Establishing Value and Self-Efficacy
Instructional designers should attempt to establish learner expectancy for positive out-
comes, thus increasing student attention to the learning task. If a student perceives that
performing well in an instructional event will result in positive results, he or she may
place greater value on the event (Bandura, 1977b). It is also important for designers to
establish the value of learning something new (Keller, 1983).

Designers should also facilitate a learner’s sense of personal efficacy. Self-efficacy can
be increased by giving students the opportunity to observe the success of peers who pos-
sess similar abilities. This can be done by designing collaborative learning activities, such
as peer tutoring or discussion groups, where learners work together.

The Philoscphical Orientations of Learning Theory

The philosophical principles guiding most learning theory center primarily on empiri-
cisrn, sometimes known as scientific empiricism. Empiricisin, as previously discussed,
views knowledge as being external to the learner and relies on observation and verifica-
tion to determine reality. (See Chapter 3.) This directly aligns with all of the learning
theories discussed in this chapter. Behaviorism, cognitivism, and social learning theory
were all established via empirical research and the positivist tradition. Even though these
theories project different explanations of the learning process, they all are rooted in the
notion that there is an objective truth. Knowledge is factual in nature. Hence, there was
often an attemmpt to establish laws, such as the Gestaltian Law of Good Fit or Thorndike’s
Law of Exercise. Such taws were verified by well-replicated research. Scientific attitudes
tend to take precedence over logic and reasoning, although they did have a role in theo-
rizing. The information processing model, for example, is fundamentally a product of
logic and there is a wealth of research to support it.

Social learning theory, however, also reflects another philosophical orientation. Itis con-
cerned with the individual’s internal conditions as they relate to self-efficacy, and as such
it reflects the principles of humanism which emphasize human motivation and feelings.
Humanists focus on the individual as the center of interest and one’s ability to become a
whole person through active engagementin the world (Lacey, 2005). The attempts te avoid
feelings of failure (Atkinson, 1966), the wish for feelings of competence and achieverment
{Atkinson & Raynor, 1974), and the need for affiliation (Pintrich & Schunk, 2002) are
examples of an individual’s emotions and feelings that affect one’s self-efficacy. Educators
acknowledge that learners” feelings influence their ability to learn, and learmer attitudes
and values must be considered when designing instruction (Weinstein & Fantini, 1970).

TRENDSIN THE APPLICATIONS OF LEARNING THEORY TO
INSTRUCTIONAL DESIGN

Learning theory remains a significant element in ID practice, especially as it guides
designers in the selection of instructional solutions. Today, there is less focus on
behavioral principles and a greater recognition of a broad range of factors involved in
the learning process. Recent developments include the expansion of learner and envi-
ronmental analysis in an effort to account for the impact of the learning and perfor-
mance environments. We will briefly describe two trends in the applications of learning
theory to ID: contextual analysis and the first principles of instruction.
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Contextual Analysis

Context and environment issues are becoming increasingly important in ID, which is
now moving beyond the traditional content ‘emphasis (Richey, 1995). This coincides
with learning theory and research recognizing the importance of learner attitudes, moti-
vation, and behavioral modeling in cognitive processing. [t also reflects society’s need to
demand transfer of training, especially in the workplace. Context “is a multilevel body
of factors in learning and performance” (Tessmer & Richey, 1997, p. 87). Context influ-
ences learning and yet until recently, contextual analysis has been rare in 1D. Contextual
factors include the learner’s work environment, work practices, technology, and indi-
vidual attitude and background differences. Context is now seen as critical in 1D and
umportant to the achievement of performance-based learning (Tessmer & Richey, 1997).
Tessmer and Richey (1997) propose a three-part view of context. It encompasses the
orienting, instructional, and transfer contexts. (See Figure 42.)

There are three types of context addressed in this model. First is the orienting context,
which occurs prior to the learning event and includes factors that innfluence the prospec-
tive student’s motivation and preparation to learn. Second, the instructional context
includes environmental factors that directly impact the delivery of instruction. Third,
there is the transfer context which is the environment in which the learning is applied.
In addition to the three different contexts, there are three contextual levels embedded
within each: (1) the learner, including pertinent background characteristics; (2) the
immediate environment, the physical place or event; and (3) the organizational envi-
ronment, the broadest level. ;

Contextual analysis is considered to be a more holistic approach to analysis. This
-expands the needs assessment phase in the ID process to include gathering project-
specific contextual data. Such data can isolate those factors that enhance and inhibit

Orienting Instructional Transfer
Context Context Context

Organizational
Environment

Organizational
Environment

Organizational
Environment

Immediate
Environment

‘%%%

Immediate
Environment
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Immediate
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Figure 4.2 Contexts and Contextual Levels.

Note: From “The Role of Context in Learning and Instructional Design” by M. Tessmer and R. C. Richey, 1997, Educational
Technology Research and Development, 35(2), p. 91. Copyright 1997 by the Association for Educational Communications
and Technology. Used with permission.
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fearning and transfer, as well as identify important factors that arc missing from the
environment. These factors may be observable (e.g., mmtrinsic and extrinsic rewards) or
they may be unobsezvable (e.g., organizational culture). Information from contextual
analyses is used in the design of instruction to support effective transfer of learning to
the environment, an ever-increasing goal of iD.

First Principles bflnstruction

The First Principles of Instruction are research-oriented prescriptions for ID. Their
focus is on the creation of effective learning environments and products, rather than
simply describing how learners acquire knowledge and skill (Merrill, 2002). These prin-
ciples encompass all of the major fearning theories. As a whole, they suggest that learn-
ing occurs when it is structured around problem solving. There are five principles of
instruction; the first relates to problem-centered instruction and the remaining four
describe the four phases of effective instruction. Merrill’s (2002, p. 44-45) principles
state that:

1. Learningis promoted when earners are engaged in solving real-world problems.

2. Learning is promoted when existing knowledge is activated as a foundation for
new knowledge.

3. Learningis promoted when new knowledge is dernonstrated to the learner.

4. Learning is promoted when new knowledge is applied by the learner.

5. Learning is promoted when new knowledge is integrated into the leamer’s

world.

The second principle prescribes the use of relevant previous experience in the facili-
tation of learning. The use of relevant prior experience requires the activation and
modification of mental models enabling the learner’s opportunity to incorporate new
knowledge into existing knowledge (Merrill, 2002).

Sccial learning theory indicates the importance of the modeling of desired behavior in
an effort to promote learner knowledge acquisition and the demonstration of new behav-
ior. This is illustrated in the third principle which focuses on facilitating new knowledge
through demonstration for the learner. The fourth principle stresses the importance of
the learner applying what is learned. The final principle addresses the requirement of
the learner to assimilate newly-learned knowledge with previous knowledge resulting in
a new level of knowiedge. Merrill (2002) maintains that “The real motivation for learn-
ers is learning. When learners are able to demonstrate improvement in skill, they are
motivated to perform even better” (p. 50). Social cognitive theory is dircctly applied in
this principle employing the tenets of self-efficacy. Merrill (2002) asserts that the First
Principles are always true under appropriate conditions and that they can be imple-
mented in a wide variety of programs and practices (Merrill, 2002).

RESEARCH, LEARNING THEORY, AND INSTRUCTIONAL DESIGN

Research supporting the applications of learning theory in ID is plentiful. Some of this
research emerged from the field of psychology, but had implications for ID, while other.
studies have resulted from research in our field. Here we prcvide a brief overview of a
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few studies that inform ID practitioners of important and effective applications of learn-
ing theory, followed by recommendations for new avenues of research.

Empirical Support of Learning Theory Applications in Instructional Design

There is an abundance of research on the application of learning theory principles and its
effects on human learning in instructional settings. We will explore only a representative
setof topics here that pertain to applications of behavioral, cognitive, and social learning
theory.

There are many conflicting results from the body of research on the use of behav-
joral objectives in instruction. For example, the early research on the effects of behay-
joral objectives on learning includes studies that found student awareness of objectives
improves learning significantly (Doty, 1969; Olsen, 1972). However, other studies found
student knowledge of objectives had no positive impact (Weinberg, 1971; Zrmmerman,
1972). Similarly, Mager and McCann (1961) found that using objectives reduces student
learning time, while Loh (1972) and Smith (1971) found no difference in efficiency with
the use of objectives.

The effects of feedback have also been studied a great deal, and again without consis-
tent results. Mory (1996) reviewed this research and fcund that in general the early stud-
ies viewing feedback as a type of reinforcement showed no systematic positive effects.
The research after 1970, however, viewed feedback as information. Much of this research
did find that feedback had positive effects on learning when it corrected inaccurate
responses. Mory notes that this research tends to reflect an information processing point
of view, and the learners are typically active participants in the process of correcting
their errors. Feedback research continues. For example, Clariana, Wagner, and Murphy
(2000) studied the effects of feedback timing—either delayed or immediate—on reten-
tion. They found that students had a greater memory of their initial lesson responses
under delayed feedback conditions.

Research on cognitive theory applications includes studies on the use of advance
organizers and mnemonics. Sui (1986) looked at the use of advance organizers with
text to promote comprehension among Chinese seventh grade students. Results indi-
cated that text with an advance organizer had a distracting effect for both good and poor
readers. These results are supported by the various substantive reviews of the advance
organizer research which do not show definitive support for this technique. However,
West, Farmer, and Wolff (1991) aiso note that the studies had “no sensitivity to the
fact that the strength of the organizer is in long-term recall and transfer of general concepts”
(p. 120; emphasis in the original).

The most predominant area of mnemonic research relates to keyword mnemon-
ics, and in general this literature shows that these mnernonics are effective (West et al,,
1991). (The HOMES example previously discussed is a keyword mnemonic.) A more
current example of such résearch is that of Kuo and Hooper (2004), who found that
students who generated their own mnemonics demonstrated higher post-test scores and
spent more time on the learning task.

Research based upon applications of social learning theory include studies of
self-efficacy. For example, Ertmer, Evenbeck, Cennamo, and Lehman (1994) focus on
the effects of student attitudes toward computers and judgments ot self-efficacy for
specific computer-based instructional tasks. They found no direct correspondence
between computer time-on-task and student levels of confidence. This led thern to
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conclude that the quality of the computer experience may be more critical to self-efficacy
than the total amount 6ftime that students spend engaged i computer-related activities.
Lxrendmg this line of research, Joo, Bong, and Choi (2000) locked at the effects of stu-
g seltefficacy for self-regulated learning in web-based instruction. They found that
stadents” scores on tests of their ability to complete World Wide Web searches were sig-
aificunily and positively predicted by student sel{-efficacy in using the Internet, but that
internetself-efficacydid not predict written test performance, which was predicted onlyby
general academic self-efficacy. This demonstrates the complexity of self-cfficacy as a

motivational and achievement factor.

Recommendations for Continuing Research

Theories which help explain learning will continue to impact the field o ID. Therefore,
.ontinie o research on the application of learning theory to 1D is critical to advance

-t 1d. his is especially important as the use of emerging technology increases. For
cxampvle, designers of technolegy-based instruction recognize the renewed possibilities
of adopting behavioral learning principles when using multimedia that includes visu-
:ls ar ! animations (Burton et al., 2004). Additionally, the use of computers as tutors
Tese:.is opportunities to implement programmed instruction principles such as self-
Jacing, requisite mastery, and frequent student assessment (Bennett, 1999). As the use of
technology-based instruction increases, further research on the application of these and
osther Phavioral learning principles should be conducted.

Add:iional research on the application of cognitive learning theory to 1D should
i1so be andertaken. A particularly fruitful area is problem solving. (See Chapter 7. For
cxaniple, Mernll’s (2002) first principle of instruction is that learning is promoted when
sindents are engaged in solving real-worid problems. While based on current cognitive
rning theory, empmca] evidence is required to determine the validity of this principle
.- different types of learners and contexts.

Finally, further research on social learning theory is important as the use of online,
distance education grows. The perceived isolation felt by some learners in these settings

wggesis that studies on modeling and self-efficacy may increase our understanding of

riqrnmg inonline environments.

SUMMARY

. ~arning theory has had a profound effect on the ID knowledge base. This chapter began
«sith an exploration of three major learning theories and provided examples of the appli-
iion ofbehaviorism cognitivism, and social learning theory in 1D practice. Next, we
oecribe 1 the philosophical orientation of learning theory as it relates to ID. Table 4.1

iiiees this material.
Leavaiug theory is intricately tied to ID, as illustrated in Table 4.2. This table shows the

'O leoaents that branch from learning theory and how they fit into the ID knowledge
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Table 4.1 An Overview of Learning Theory and Instructional Design

1.

Key Principles:
» Learning occurs when an fiidividual makes a connection between a stimulus and a reinforced

response.
Memory traces include groups of iterns that are similar or that were presented in close proximity, are
in a stable symmetrical shape, and are normalized into something familiar,

There are three types of memory: sensory, working, and long-term memory.

- Schema is knowledge organized in the memory, and it aids in comprehension of new information

and the storage and retrieval of previously learned information.
Learning occurs by observing other people’s behavior in social situations and its consequences for

.

.

them.
Self-efficacy ic a basic determinunt oflearner behavior.

Philosophical Emphases: The following gencralizations can be made:
» Knowledge of the learning process can be described by general laws established and verifizd through

scientific research.
» Feelings and emotions impact learning in social settings.
Basic Research Support: Thorndike’s research on connectionism; Pavlov’s research on classical condi-
tioning; Skinner’s research on operant conditioning; Gestalt research and theory related to perception;
{iller’s research on memory capacity; Rotter's research on learning in social situations; and Bandura’s
research on observational learning.
Early Coniributors: R.C. Atkinson, A. Bandura, K. Koffka, W. Kohler, K. Lewin, 1. Paviov, J. B. Rotter,
R. M. Shiffrin, B.F. Skinner, E. L. Thorndike, and M. Wertheimer.

1D Applications:

- Advance Organizers + Message Design

+ Behavioral Objectives - Mneronics

- Behavioral Fluency » Modeling

- Chunking - Practice :

+ Cognitive Task Analysis + Prograinmed Instruction
- Contextual Analysis - Rehearsal

- Feedback » Task Analysis

Supporting ID Research: Representative areas inciude the following:

+ Advance Organizers (e.g., Ausubel & colleagues, Sui, 1986)

- Behavioral Objectives (e.g., Mager & McCann, 1961; Doty, 1968; Zimmerman, 1972)
- Feedback (e.g., review by Mory, 1996; Clariana, Wagner & Murphy, 2000)

= Mnemonics {e.g., review by West, Farmer & Wolff, 1991; Kuo & Hooper, 2004)

~ Self-Efficacy (e.g., Ertmer, Evenbeck, Cennamo, & Lehman, 1994)

Related Concepts:

* Instructionai Context
+ Job Analysis

+ Orienting Context

» Performance Qbjectives
- Procedural Analysis
- Transfer Context
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Tahle 4.2 Instructional Design Domains and Elements Related to Learning Theory

Learners and Learning Process

Attention and Attention Mechanisms

- Cognitive Components (Memory Traces, Mental Schema)

Factors Impacting Learning (Consequences, Context, Information Load, Readiness, Reinforcement,

.

Rewards, Retrieval Cues)

Laws of Effect, Readiness, and Exercise -

Laws of Similarity, Proximity, and Closure

Learner Characteristics (Attitudes, Background Experiences, Information Processing Skills, Mental

Models and Schema, Motivation, Perceptions)

Learner Behavior Modeling (Attention, Retention, Reproduction, Reinforcement)

> Self-Efficacy

- Types of Learning (Behavior Modeling, Generalization, Response Strengthening with Keinforcement,
Transfer )

» Types of Memory (Sensory, Short-Term, Working, Long-Term, Perceptual}

»

{zarningand Performance Contexts
= Climate (External Influences and Constraints, Physical Rescurces, Crganizational Culture)
« Instructional Environment (Interaction within Instructional Environnicnt)
- Support Available (Practice, Reinforcement, Feedback)
- Types of Contexts (Orienting, Instructional, Transfer)

Iustructional and Noninstructional Strategies
- Advance Organizers

» Behavior Modeling

+ Content Chunking

» Feedback

- First Principles of Instruction

- Mnemonics

- Practice and Rehearsa)

- Reinforcement

= Shaping

o

Designers and Design Processes
- Analysis Processes (Task, Job, Cognitive, Contextual)
- Content Identification {Behavioral/Performance Objectives)
~ Criterion-Referenced Assessment
* Establishing Value for Learning and Self-Efficacy
« Message Design
« Sequencing (Part and Whole Task)

When you add these elements to those stemming from general systeins theory (GST),
and communication theory, you can see how the knowledge base is continuing to grow.
owth of the ID knowledge base continues in Chapter 5, which focuses on early

wiional theory.
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EARLY INSTRUCTIONAL THEORY

This chapter exarnines the contiibutions of early instructional theory to instructional
design (ID). Many of the principles found in ID models today have their foundations in
the early theories discussed in this chapter. Because ID and early instructional theory are
closely aligned, scme people confuse the two. We view this early theory as a precursor to
the ID theories and models found in the current literature. :

We have chosen to examine instructional theory developed before and duiing the
1970s because the application of ID models began to thrive during that decade and the
term “instructional design” was used more widely in education than it had been in pre-
vious decades (Dick, 1987; Reiser, 2007a). While we discuss a range of early theoretical
contributions to modern day ID, this chapter is not exhaustive. We will explore a few
selected instructional theories that serve as a foundation to the ID field. The following

"~ will be discussed:

+ Instructional theory that serves as forerunner to ID;

- Philosophical orientations of early instructional theory;
- Application of early theory to ID; and

= Research on early instructional theory.

INSTRUCTIONAL ANTECEDENTS OF INSTRUCTIONAL
DESIGN THEORY

The instructional theories described below are forerunners to current ID theory and
models. Some ID practices in use today have their roots in theories ef curriculum
development for schools. Other principles were developed during the Cold War
when learning psychologists focused their research on issues of instruction to help
close the missile gap between the United States and the Soviet Union (Bruner, 1960).
In all cases, the theories we discuss provide important groundwork for ID. These
include: '

70
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+ Basic principles of curriculum and instruction;
» Theories of mastery learning and individualized instruction; and
+ Early cognitive theory of instriiction.

Basic Principles of Curriculum and Instruction

Ralph Tyler directed an evaluation of the progressive educaticn movement in secondary
education during the 1930s. The results of this eight-year study led him to conclude that
curriculum and instruction should be based on evidence from empirical research. Tyler’s
sront was to provide a basis for studying the problems of curriculum and instruction,
» outline specific steps of curriculum construction (Tyler, 1949, 1980). However,
’*n‘J- basic principles have been implemented by countless teachers and curriculum devel-
s over the past 60 years, Furthenmore, they include many of the «lements found in

- systems approach to ID.

l'yier’s (1949) work provides an important foundation for our field because he indi-
.ated that curriculum and instruction includes four elements:

< Identifying the purposes of education;

Selecting learning experiences that are useful for attaining objectives;
+ Organizing these experiences; and
> Evaluating the effectiveness of these iearning experiences.

Tyler (1949) proposes that goals and objectives are necessary to plan and make con-

acus improvement to an educational program. He indicates that three sources of
s frimation should be considered when objectives are formulated: (1) information
it students, including their needs, interests, and level of development; (2) informa-

< 1bout the problems of contemporary life so that meaningful outcomes are identi-
ticd; and (3) information about the content and what subject matter experts consider
impoitant. He further suggests that information about learning psychology should be
sised 1o determine the appropriate sequence and relationship among objectives and the
conditions under which students can attain these outcomes.

A lcarning experience “refers to the interaction between the learner and the external
conditions in the environment to which he can react” (Tyler, 1949, p. 63). Tyler suggests

:ire following general principles for learning experiences:

»  Students must have the appropriate predispositions and prior knowledge to par-
ticipate in a given learmng experience.
qtudems must gain satisfaction from participating in a learning experierce and

‘om attaining the desired behavior in an objective.

Many learning experiences can be used to address a particular cbjective, and a wide
iange of experiences helps to maintain student and instructor interests.
students must have the opportunity to practice the behavior and deal with the
<ontentimplied by the objective. '
ivery learning experience is likely to have more than one outcome, and undesir-
able outcomes sometimes occur.

according to Tyler (1949) learning experiences should be organized to support each
wid produce a cumulative, long-term impact on learning. He proposes three
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main criteria for organizing learning experiences: continuity, sequence, and integration.
Continuity relates to the idea that instruction and practice should continually recur to
help students learn important concepts and objectives. Sequence refers to having learn-
ing experiences build on each other to go deeper and more broadly into the content.
Integration has to do with relating objectives and experiences in a particular subject
matter to other content areas.

Finally, Tyler (1945) addresses the importance of evaluation in curriculum develop-
ment and defines it as “a process for finding out how far the learning experiences as
developed and organized are actually producing the desired results” (p. 105). He advo-
cates that evaluation should include testing students before, during, and after they par-
ticipate in an instructional program. He also suggests follow-up studies of graduates to
determine if learning has become permanent.

Mastery Learning and Individualized Instruction

Proponents of mastery learning believe that most students can master new knowledge and
skills if they are given enough time to achieve them, if there is specific criterion of what
comprises mastery, if instruction is approached systematically, and if students who have
difficulty learning are provided remediation (Bloom, 1971). Advocates of this approach
suggest that traditional group instruction should be modified to give individual students
the time they require to learn by working at their own pace (Joyce & Weil, 1986). Two
theories of mastery learning that provide a foundation for ID are discussed below.

The Modcl of School Learning

John B. Carroll (1963) suggests that school learning can be described as a ratio betiveen
the amount of time required to learn something and the time a student actually spends
on learning. His formula to represent learning is:

Degree of Learning = f (Time Actually Spent / Time Required to Learn).

The time actually spent is a function of two variables: perseverance and opportunity
to learn. Perseverance is the amount of time a student is willing to spend on a learning
activity; it is a time-on-task variable as opposed to lapsed time. Motivational factors such
as interest and confidence are related to one’s perseverance. Opportunity to learn is the
amount of time given to students to master a new skill. Carroll (1963) notes that oppor-
tunity to learn is often less tham the time a student requires to learn it.

Time required to learn is a function of three variables: aptitude, ability, and quality of
Instruction. Aptitude relates to the amount of time a student requires to learn a skill to
an acceptable standard. A student who requires a small amount of time to learn a task is
considered to have a high aptitude. Aptitude for any given task is dependent on the qual-
ity of instruction, which in turn affects a learner’s ability to understand the instruction.
Quality of instruction is based on how well content is organized and presented. Carroll
(1963) indicates that quality of instruction is the most elusive of all the variables in his
model. Ability to understand instruction relates to alearner’s general intelligence, verbal
ability, and learning strategies.

Therefore, of the five major variables in Carroll’s model, three are student character-
istics: perseverance, aptitude, and ability to understand instruction. The remaining two
components are imposed on the learning process by the environment: opportunity to
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learn and quality of instruction. Typical environmental factors are instructional materi-

als, media, and instructor performance.

Human Characteristics and School Learning

Benjamin Bloom notes that his thinking about mastery learning was influenced by
Carroll’s model. Bloom (1976) extends Carroll’s theory by including three main vari-
ables that account for variations in learning: student characteristics, instruction, and
learning outcomes. (See Figure 5.1.)

Bloom (1976) emphasizes the background of the learner in his theory by including
the variable of student characteristics. These impact whether or not a student will mas-
ter the objectives included in a learning task. One main characteristic that influences
mastery is cognitive entry behaviors (i.e., prerequisite knowledge and sialls). Bloom
stresses the importance of this characteristic by stating, “. . . if all the students have
the necessary prerequisites for a particular learning task, they would be able to learn
it with less variation in level or rate of learning . . .” (p. 31). In addition to cogni-
tive skills, Bloom highlights the significance of affective entry behaviors in his theory.
These consist of students’ general desire to learn, their interest in the content, and their
confidence in their own ability. Affective entry behaviors also impact the mastery of a
learning task.

Central to Bloom’s (1976) instructional theory is a learning task. He indicates that a
learning task is often referred to as a unit in a course or a topic in a curriculum. Learning
tasks are made up of the ideas, procedures, and behaviors that students learn. They may
include simple instructional objectives such as knowledge of facts and terms or they may
contain complex objectives requiring skill application.

Bloom addresses the relationship among learning tasks by noting that complex cogni-
tive tasks are often hierarchical in nature. Bloom (1976) states, “In such arrangements,
each learning task becomes a prerequisite for the next task in the series and is, in turn,
dependent on the achievement of certain prerequisites in the previous tasks” (p. 27).

Quality of instruction impacts whether students master a learning task. According to
Bloom (1976}, “The instructional variable of greatest importance is believed to be quai-
ity of instruction” (p. 11). He lists four essential components of instructional quality:

STUDENT INSTRUCTION ' LEARNING
CHARACTERISTICS OUTCOMES
Cegnilive Enlry — v Level and Type of
Behaviors \\\ __—"" Achievement
LEARN,SG ————— Rate of Learning
e TASK(S)
Affective Entry — \> Affective Outcomes
Characteristics )Ti

Quality of Instruction

Figure 5.1 Major Variables in Bloom's Theory of Schaal Learning.

Note: From Human Characteristics and School Learning by B. S. Bloom, 1976, p. 11. Copyright 1376 by McGraw-Hill. Used
with permission. ' : ‘
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+  Cues and directions provided to students;

+ Active participation of students;

»  Feedback to help correct mistakes; and

» Reinforcement provided to students in relation to learning.

These components are found in many instructional theories based on psychological
principles of learning. (See Chapter 4.)

Finally, Bloom (1976) includes learning outcomes as another main variable in his
instructional theory. These consist of level and type of achievement, rate of learning,
and affective outcomes. He suggests a causal relationship among these outcomes and the
other variables in his theory. This implies that cognitive and affective student character-
istics and quality of instruction impact student mastery of learning tasks, which in turn
influences achievement, rate of learning, and affective outcomes.

Early Cognitive Theory of Instruction

Another early instructional theory that provides a foundation for ID was developed by
Jerome Bruner. While his ideas include constructs found in behavioral learning theory,
his thinking is greatly dependent on cognitive learning principles (Richey, 1986). Thus,
Bruner is one of the key figures in the cognitive revolution in learning and instruction
(Driscoll, 1994).

His theory includes four main concepts: predisposition, structure, sequence, and
reinforcement. While recognizing the importance of culture, motivation, and personal
characteristics that impact the desire to learn, Bruner (1966) indicates that learning
and problem solving depends on a predisposition to explore alternatives. He suggests
that instruction should facilitate the desire to explore alternatives through: (1) activa-
tion—providing an optinial level of uncertainty to peak learner curiostty; (2) main-
tenance—ensuring that the consequences of making mistakes are not severe; and (3)
direction—making goals known to learners ini some approximate manner.

Instruction must also address the optimal struciure of a domain of knowledge
or any problem in that domain, so it can be understood by learners. Bruner (1966)

states:

... knowledge ... can be represented in three ways: by a set of actions appropriate for
achieving a certain resnlt (enactive representation); by a set of summary images or
graphics that stand for the concept without defining it fully (iconic representation);
and by a set of symbolic or logical propositions drawn from a symbolic system that is
governed by rules (symbolic representation). (pp. 44—45)

These alternative forms of representing content—actions, pictures, and symbols-—vary
in difficulty and usefulness depending on age and learner background.

Instruction should also specify the most effective sequence of how to present
material to learners. Bruner (1966) stated, “Instruction consists of leading a learner
hrough a sequence of statements and restatements of a problem or body of knowledge
hat increase the learner’s ability to grasp, transform, and transfer what he is learning”
p-49).

Lastly, Bruner’s (1966) theory of instruction addresses reinforcement by specifying
he nature and pacing of feedback and rewards. He observed that effective instruction
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allows learners to determine whether they “got there” (p. 68) and suggested the use of
intrinsic resvards and meaningful feedback. :

Swrmary and Comparison of Early Instructional Theories

Table 5.1 shows the main elements in the early instructional theories discussed in this
chapter. Information in the table provides a way to comparethe theories and shows how
they contribute to the foundation of ID.

All of the early instructional theories described above specifically uddress the impor-
tance of learner characteristics, These include factors such as ability, prior knowledge,
interest, perseverance, and predispositions. All of the theories also include the concept of
active learner participation. Most address sequencing particularly as it relates to complex
skills and their hierarchical relationships. Two theories advocate providing meaningful
feedback and reinforcement to learners, and two specifically include the use of instruc-
tional objectives. Two theories address the notion of aligning objectives, instructional
activities, and assessment, while two others speak directly to time-on-task. Thus, most of
the elements found in early instructional theory are also found in models of ID.

Table 5.1 AComparison of Major Elements in Early Instructional Theories

Elements Theories
Tyler’s Principles  Carroli’s Model Bloom’sTheory  Bruner’s
of Curriculum &  ofSchool of Human Cognitive Theory
Instruction Learning Characteristics & of Instruction
School Learning
Active Participation X X X X
Alignment of Objectives, X X
Instruction & Assessment )
Alternative Forms to X
Represent Content
Feedback X X
Individualization X X
Learner Characteristics X X X X
Objectives X X
Reinforcement X X
Sequencing X i X X
Time-on-task X X

The Philosophical Orientation of Early Instructional Theory

Early instructional theories adheré to tenants of logical positivism and objectivism. In
this approach, knowledge exists outside the learner, conditions are arranged to promote
the acquisition of predetermined goals, and learning is assessed by an external source
such as a teacher (Hannafin & Hill, 2007).

Early instructional theories also represent an empirical, scientific orientation toward
curriculum and instruction. N. L. Gage (1978) writes that “No one can ever prescribe
all the twists and turns to be taken . . . to promote learning” (p. 15). Yet in promoting a
scientific basis for the art of teaching, Gage supports the use of empiricism to discover the
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laws, generalizations, and trends that will improve teaching. This philosophical onenta-
tion is shared by the early theorists discussed in this chapter. For example, Tyler’s primary
goalwas to provide an empirical basis for studying the problems of instruction (see Tyler,
1980). Bruner’s aim was observe how principles of learning work in effective day-to-day
pedagogy (see Bruner, 1960). Thus, these early instructional theorists provide an empiri-
cal foundation consisting of “knowledge of regular, nonchance relationships in the realm
of events with which the practice {of teaching] is concerned” (Gage, 1978, p. 20).

EARLY INSTRUCTIONAL THEORY AND INSTRUCTIONAL DESIGN

The instructional theories discussed in this chapter provide a strong foundation for 1.
This section focuses on how early instructional theory impacts the:

+ Design and management of instruction;

- Identification of instructional objectives;

- Analysis of learner characteristics;

+ Sequencing of objectives and activitics; and
Selection of instructional strategies.

The Design and Management of Instruction

According to Visscher-Voerman and Gustafson (2004), a majority of ID medels in the
literature follow an instrumental approach that starts with the development of geals
and objectives. A basic principle of this appreach is the alignment of objectives, instruc-
tional activities, and assessment. Tyler (1949) was an early proponent of this system of
planning curriculum and instruction. His ideas have been used to design curriculum
and instruction for many children and adults in formal education seitings (Cervero &
Wilson, 1994; Kliebard, 1970). They are also implemented in the workplace through the
use of learning management systems that link employse learning goais, attendance in
training events, and assessment results (Merrill & Wilson, 2007).

Theories of mastery lcarning and individualized instruction proposed by Carroll
(1963) and Bloom (1976) also impact the design and management of instruction. In
the first edition of The Systematic Design of Instruction, Walter Dick and Lou Carey
(1978) explain that their ID model has origins in individualized instructional theories.
They note that “Systematically designed instruction . . . can be used to determine each
student’s instructional needs in order to tailor instruction to each student as much as
possible” (Dick & Carey, 1978, p. 2).

Implementing individualized instruction has been difficult in traditional classrooms
due to time limitations and other constraints faced by teachers. However, advances
In interactive multimedia technology and web-based instruction serve as the basis for
implementing theories of individualized instruction. For example, Reeves (1997) uses
Carroll’s model of school learning as a foundation for his own model of World Wide
Web (WWW) Learning. Reeves expands on the concept of aptitude by noting the impor-
tance of other individual differences that can be accommodated in WWW instruction,
such as interests, attitudes, learning styles, anxiety, and tolerance for ambiguity. He also
suggests that quality of instruction is influenced by task ownership, collaboration, meta-
:ognitive support, and opportunity to construct learning. These concepts are associated
vyith constructivist philosophy. (See Chapter 8.)
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Bruner’s (1966) theory of instruction has also been applied o models of curriculum
design and management. Proposing a new paradigm for mstructional management,
Heinich (1970) describes how Bruner’s ideas pertain to 1D. (See Figure 5.2.)

Curriculum Feedback
Team < yy
(Disciptine)

|

4 Classroom |
1 Instruction
Media & Curriculum
Materiais Team Students
Production {Local) Mediated )
" Instruction L

Figure 5.2 Bruner's Concept of Curriculum Cbnstruction.

Note: From Techrology and the Management of Instruction by R. Heinich, 1970, p. 149. Copyright 1970 by the Association
of Educational Communications and Technology. Used with permission.

In this approach, a team of teachers, subject-matter experts, and psychologists repre-
senting a discipline work together to identify content and prepare instructional activi-
t1es, materials, and media. Local curriculum teams then examine these materials and
decide whether to adopt them. If a positive decision is made, classroom and mediated
tastruction is implemented with students and feedback is obtained. This feedback is
1nsed to make the systermn adaptive and responsive. Heinich suggests that Bruner’s theory
Is important to the management of instruciion because teachers do not have the time
ro stay fully informed about their subject matter. He also indicates that Bruner’s theory
“is a systems approach made possible by well-developed technologies of instruction”
(Heinich, 1970, p. 148).

Instructional Objectives

The identification of objectives is a major phase ofsyétematic 1D 1inodels (Dick, Carey, &
Carey, 2009; Gustafson & Branch, 2002; Morrison, Ross, & Kemp, 2006; Seels & Glasgew,
1998). This element was influenced greatly by the principles of curriculum and instruc-
tion developed by Tyler. According to Reiser (2007a), “Ralph Tyler has often been con-
sidered the father of the behavioral objectives movement” (p. 25).
‘Tyler (1949) was an early advocate of writing objectives in terms of student behavior,
‘aven before behavioral learning theory exerted heavy influence on teaching. Prior to the
‘ntroduction of his ideas, most objectives were stated in terms of instructional activities
inplemented by teachers or as a list of content topics covered in a course; they were not
ivcused on learner outcomes. Furthermore, Tyler suggested several sources for obtain-
g objectives, including the learners themselves, contemporary life, subject specialists,
and the psychology of learning. Following Tyler’s recommendations, designers today
consult a variety of sources when identifying the objectives of instruction. For examnple a
designer who is developing training for 2 new computer system in a bank would confer
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with content matter experts who have knowledge of banking practices, bank managers
with knowledge of federal and state regulations, employees who use the current system,
and the information technologist who designed the new system. The designer would
also consult existing training materizls and other documents specifically related to the

objectives of instruction.

Analysis of Learner Characteristics

Most {D models also include an analysis of learner characteristics. The early instruc-
tional theorists discussed in this chapter all provide a base for this component of 1D.
Carroll (1963) stresses factors such as general ability, the time required to learn a skill,
and the amount of time a student is willing to spend learning. Bloom (1976) empha-
sizes the importance of learner background, especially as they relate to cognitive and
affective entry behaviors. Tyler (1949) proposes that infermation about students,
incinding their needs, interests, and level of development, should be considered
when objectives are formulated. Bruner (1966) highlights the significance of
students’ predisposition to explore alrernatives especially when they are asked to solve
problems.

Instructional designers following a systems approach collect and use information
about the general ability, prior knowledge, predispositions, and learning preferences ot
their target audience (Dick et al., 2009; Morrison et al., 2006). Designers also consider
the motivation of the aundience by collecting information about their needs, interests,
values, expectations, and confidence (Keller, 1986; Klein, 1990). Furthermore, design-
ers analyze learner attitudes about their job and work setting to address issues related to
transfer of skills (Garavaglia 1993; Rossett, 1997). ’

Sequencing

Sequencing continues to be a major concern for instructional designers; it is one of
the six domains of the ID knowledge base. (See Chapter 1.) Early instructional theories
have implications for the sequencing of learning objectives and activities. For example,
Bloom (1976) points out the hierarchical relationship among complex cognitive tasks
and discusses how some skills are prerequisite to others.! Designers implement this
principle when identifying subordinate and entry skills during task analysis (Dick et al.,
2009).

Tyler (1949) and Bruner (1966) suggest that instruction should be sequenced to sup-
port cumulative, long-term learning. Both theorists support the proposition that learn-
ing experiences build on each other and that a recurrence of instruction on a particular
concept helps learners retain and transfer knowledge and skills. Bruner (1960) proposes
the concept of a spiral curriculum suggesting that curricula should be developed to
address and build on basic ideas repeatedly until students grasp them fully. He hypoth-
esizes that spiral curriculum can be used to teach any subject matter to any child at any

stage of development.

1 Bloom cites early research conducted by Robert Gagné to support his point about the hierarchical relationship
among complex skills. See Chapter 7 for a more detailed explanation of Gagné’s research on this topic.
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Instructional Strategy Selection

The work of early instructional theorists also has an impact on Instructional strategy
selection. Models of mastery learning suggest that students be aliowed to work through
instruction at their own pace and that remedial instruction be provided to those who
have difficulties learning (Carroll, 1963; Joyce & Weil, 1986). Early instructional
theories propose that students should actively participate in learning experiences and
should have the opportunity to practice the behavior identified in an objective (Bloom,
1976; Tyler, 1949).

Early cognitive instructional theory suggests that content should be represented in
alternative formatsincluding actions, pictures, and symbols (Bruner, 1960). Early theory
espoused by Bruner also serves as a basis for discovery learning, problem solving, and
scaffolding. For example, Driscoll (2005, p. 234) writes, “Bruner believed that the pro-
cess of discovery contributes significantly to intellectual development . . . through the
exercise of problein solving.” Later, Wood, Bruner, and Ross (1975) indicate that prob-
lem solving involves the use of effective scaffolding defined as “. . . controlling those ele-
ments cf the task that are initially beyond the learner’s capability, thus permitting him to
concentrate upon and complete only those elements that are within his range of compe-
tence” (p.89). Scaffolding has recently been used in the design of technology-enhanced,
pi-oblem—based learning environments (Brush & Saye, 2000; Sharma & Hannafin, 2007;
Simons & Kiein, 2007). (See Chapter 8.)

Feedback

Feedback is one of the main elements of effective instruction. Early theorists suggest pro-
viding meaningful feedback to help learners correct their mistakes (Bloom, 1976; Bruner,
1966). Building on this concept, Kulhavy and Stock (1989) propose two types of feed-
back: verification and elaboration. Verification feedback provides confirmation to help
learners develop knowledge of their performance. Elaboration strategies provide correc-
tive, informative, or reflective feedback (Dempsey & Sales, 1993). Elaboration involves
giving learners feedback on the task itself and giving feedback regarding the process used
to learn the task. Reflective feedback requires learners to justify their responses. All of -
these feedback strategies have their foundation in early instructional theory.

RESEARCH ON EARLY INSTRUCTIONAL THEORY

The early instructional theories described in this chapter were developed based on
research on teaching and learning. Furthermore, studies which provide empirical sup-
port for some of the principles found in these theories have been conducted. Below,
we discuss this empirical support and provide some recommendations for continued

research on early instructional theory.

Empirical Support of Early Instructional Theory

Over the years, scholars in the field of curriculum and instruction have addressed the
usefulness of Tyler’s (1943) model. While recognizing the impact of the approach, some
authors have also criticized it. For example, Kliebard (1970) writes that Tyler’s theory is
“the most persistent theoretical formulation in the field of curriculum” (p. 259). However,
Kliebard questions whether stating objectives as external goals to be achieved through par-
ticipation in learning experiences is a good method of curriculum planning. Furthermore,
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Zahorik {1976) thinks that the model can result in effective and efficient instruction but
states, “The Tyler planning model simply does not suit . . . programs or practices that
emphasizes student independence, self-direction and responsibility” (p. 455).

These criticisms may be due to a lack of direct empirical evidence for the curriculum
principles espoused by Tyler. In an extensive review of curriculum research, McNeil
(1969) indicates that there is hittle support for the idea that principles of curriculum
and instruction have a significant impact on how curriculum is developed in schools.
Specifically addressing Tyler’s work, McNeil (1969) writes, “Tyler (1967) cautioned
against attributing change to any specific influence unless the relationship can be clearly
demonstrated. Few such relationships have been shiown” (p. 299).

There is some empirical evidence for the Carroll (1963) model of school learning. In
1989, Carroll published a 25-year retrospective in which he reviewed research conducted
on components of his model. Based on these studies he indicated that the following con-

clusicns can be made:

+  Academic learning time is one of the most important factors reiated to student
achievement.

- Time spent learning is an important predictor of achievement.

> Reducing the opportunity to learn relative to the time required to learn has a nega-
tive effect on achievement.

- Perseverance accounts for differences in student achievement even when research-
ers control for aptitude (i.e., amount of time required to learn).

Carroll (1989) admits that since his “model of school learning does not deal extensively
with elements involved in quality of instruction, it has not been partxcularly influential
in these studies” (p. 29).

Research has also been conducted on the impact of learner characteristics on educa-
tional outcomes. Establishing an empirical basis for his theory, Bloormn (1976) indicates
that studies show “cognitive entry behaviors can account for about 50 percent in the
variation in achievement while affective entry behavicrs alone can account for about 25
percent” (p. 108). He cites several longitudinal (macro) studies as weil as a number of
microstudies to support his proposition that learner characteristics should be consid-
ered when instruction is designed to enable mastery.

Furthermore, reviews of research on mastery learning generally support the
notion that it is an effective instructional method. For example, a review by Block
and Burns (1976) indicates that mastery approaches: (1) produce consistently large
effects on student learning, but not as large as those advocated by their proponents;
(2) require more student study time than nonmastery approaches; (3) impact affec-
tive consequences positively, but these effects may be due to novelty; and (4) some-
times help minimize the impact of individual cognitive differences among students,
but do not eliminate them. A meta-analysis of mastery learning studies by Kulik, Kulik,
and Bangert-Drowns (1990) shows that this approach has a positive impact on test
performance and attitudes of students in college, high school, and upper elementary
school. Their review also found that self-paced mastery approaches tend to increase stu-
dent time-on-task but they often result in lower course completion rates for college stu-
dents. However, a synthesis of the research on group-based mastery learning by Slavin
(1987) found moderate, short-lived effects for this method when experimenter-made
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measures were used, and no evidence to support its effectiveness when standardized
achievement measures were used.

Finally, the main concepts found in Bruner’s (1966 theory of instruction have empir-
jical support. In 2006, Bruner published a collection of his essays, book chapters, and
articles that appeared in the literature from 1957 through 1976. Based cn these works,
we draw the following conclusions:

« There is much empirical support for the idea that humans move through enactive,
iconic, and symbolic stages of development.

- Age and learner background should be considered when using alternative formats
to represent content.

» The underlying principles of a subject matter give curriculum its structure, and
learners should be taught new knowledge and skills in the context of this struc-
ware.

-+ The usefulness of corrective feedback depends on the forin in which it is received
by the learner and the conditions placed on how it can be used.

> 'While there is much research on the use of exirinsic rewards, these types of rewards
should be de-emphasized, and instead intrinsic rewards, student interest, and curi-
osity should be emphasized in the design of instruction.

+ Learning and problem solving should be organized hierarchically.

«  When learning to solve problems, students formulate and test their own ideas by

~ compering their solutions to a criterion.

To summarize, research cvidence does exist for many of the principles found in the
early instructional theorles discussed in this chapter. However, Bruner’s (1960) advice
still holds true today:

‘Whatis abundantly clear is that much work remains to be done by way of examining
currently effective practices, fashioning curricula that may be tried out on an experi-
mental basis, and carrying out the kinds of research that can give support and guid-
ance to the general effort at improving teaching. (p. 32)

Recommendations for Continuing Research

It is clear that early instructional theory is based on results from empirical research.
Tyler’s principles of curriculum and instruction were developed based on evidence col-
lected from his evaluation of the progressive education movement (Tyler, 1980). Carroll’s
model of school learning is supported by his observations and study of foreign language
learning (Carroll, 1989). Bloom’s theory of learner characteristics and school learning
comes from evidence he and other rescarchers collected (Bloom, 1976). Bruner’s theory
ofinstruction is based on research conduced by him, his colleagues, and other cognitive
psychologists. '

We believe that future studies should be conducted by ID researchers to validate these
early theories and their related elements. These studies could be conducted using model
validation and use research techniques. (See Richey & Klein, 2007.) For example, multi-
media instruction and online education allow learners to work at their own pace. They
are also used with learners who may have cognitive and affective entry characteristics that
differ from learners in face-to-face settings. We think design and development research
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should be conducted to determine if the models proposed by Carroll and Bloom are
applicable in these newer environments. Design and development research can also be
used to investigate and 1dentify the components of thecries and models (Richey & Klein,
2007). For example, this type of research could examine the application of Bruner’s
recommendation for enactive, iconic, and symbolic knowledge representation when
designers use wikis and blogs for the purpose of facilitating learning.

SUMMARY

This chapter has examined selected theories of instruction and described how
they contribute to the [D knowledge base. We discussed basic principles of curricu-
lumm and instruction, mastery learning and individualized instruction, and an early
cognitive instructional theory, as well as the philosophical orientaticns of these theo-
nies. This was followed by a description of how early instructional theory impacts 1D,
including the desigin and management of instruction, identification of instructional
objectives, analysis of learner characteristics, sequencing, feedback, and the selection
of instructional strategies. This chapter closes with a summary of research conducted
to provide empiricai evidence for the ideas advocated by early instructionai theo-
rists and some recommmendation for future studies using design and development
research.

Table 5.2 provides 2 summary of key principles, theoretical foundations, philosophical
orientations, contributors, and applications of early instructional theory. Furthermore,

Table 5.2 An Qverview of Early Instructional Theory and Instructional Design

1. Key Principles:
- Cognitive and affective learner characteristics impact learning.
» Curricutum and instruction include interrelated clements.
- Instruction must address the optimal structure and sequence of a domain of knowiedge or any
problem in that domain.
- Objectives are the basis for instruction; they should align with instructional activities, assessment, and

evaluation.
- Theories of instruction should be based on empirical evidence.
- Traditional group instruction should be modified to give individual students the time they require to

learn. _
. Philosophical Emphasis: The following generalizations can be made:
- Knowledge exists outside the learner and instruction premotes the acquisition of predetermined goals
(i.e., logical positivism and objectivism).
+ Laws, generalizations, and trends that will improve insiructional practices can be established (i.e.,

IS

empiricism).
Basic Research Support: Research on operant conditioning; research on memory capacity.

4. Major Contributors: Benjamin Bloom, Jerome Bruner, John B. Carroll, and Ralph Tyler.

¢

5. Applications to ID:
* Analysis of Learner Characteristics
* Design and Management of Instruction
+ Identification of Instructional Objectives
* Sequencing of Objectives and Activities
» Selection of Instructional Strategies
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6. Research Support: Studies of:
+ Academic Learning Time (e.g., Carroll and his coileagues)
- Cognitive Learning (e.g., Bruner)
- Learner Characteristics (c¢.g., Bloony)
- Mastery Learning (e.g., Bloom and his colleagues)

7. Related Concepts
+ Curriculum Design
+ Discovery Learning
- Individualized Instruction
+ Problem Solving

Table 5.3 otfers a synopsis of how early instructional theory relates to the six domains of
" the ID knowledge base.

Tahle 5.3 Instructional Design Domains and Elements Related to Early Instructional Theory

Learners and Learning Processes
- Learner characteristics (ability, aptitude, attitudes, background, beliefs and-values, expectancies, and

motivational factors such as predisposition, perseverance and desire to learn, prerequisite knowledge

and experience).
* Learning is impacted by the amount of time required to learn and thc amount of time a student is

willing to spend.
.¢arning and Performance Contexts
- Classroom environments
Content Structure and Sequence

- Content classified as cognitive, affective, or psychomotor
- Instruction consists of a sequence of statements and restaternents of a body of knowledge or problen.

- Many learning outcomes are hierarchical, moving from simple to complex.
- Sequence instruction to support cumulative, long-term learning.

Instructional and Noninstructional Strategies
- Allow learners to have conirol cver pace.
» Give meaningful feedback.
- Provid= opportunities for active participation and practice.
- Provide reinforcement.
» Provide remedial instruction and scaffolding to learners hwmo difficulties.
» Represent content using actions, pictures, and symbols.
» Use discovery and problem-based learning.
Media and Delivery Systems
-_Individualized instruction in classrooms and technology-based environments
Designers and Design Processes
« Identification of goals and objectives
- Learner analyses
* Task analyses

Chapter 6 focuses on media theory which is a cluster of theories developed primarily
by those within the IDT field. It provides the foundations for mediated instruction and

the use of technology.



MEDIA THEORY

In the instructional design (ID) field, media ts defined as “the physical means via which
instruction is presented to learners” (Reiser, 20074, p. 18). In past years, educators spoke
of media as audio-visual aids; today they more cominonly use the term “technology”
when they talk about media. The term “media” implies devices which provide learning
experiences, experiences which typically involve sound, visuals (either static or moving),
concrete objects, or actual physical movement. The theoretical emphasis, however, is not
on the machine, or even upon the software that contains the instruction, but rather on
the learning that occurs as a result of interacting with the media. Consequently, media
theory addresses those aspects of mediated instruction that facilitate learning, and in
doing so attempts to explain how the learning process occurs when media is involved.
This complex procedure is the focus of this chapter.

Over the years various technological innovations have fascinated the public and cap-
tured the imaginations of pioneering e¢ducators. At one time, the camera, motion pic-
tures, television, computers, and the web were thought to provide answers tc many of
education and training’s most vexing problems. Even though mediated instruction has
never fully delivered on its promises, it has brought much progress and innovation to the
field. Media theory seeks to explain how and why this has happened.

Unlike the other theory bases that we have discussed thus far, media theory is to a
great extent a direct product of the scholarly efforts of those in the ID field. Even so, it
does rely on the research and theory of other disciplines, especially communications and
psychology. It also utilizes the work of scholars who are outside of the field, but who are
nonetheless interested in the use of media in teaching and learning. Here we will exam-

ine media theory by describing:

- The various interpretations of the manner in which media impacts learning;
- The manifestations of media theory in ID over the years; and
* The research that supports both the theory and the various ID applications.

84
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MEDIA AND LEARNING

Media theory has not been defined as succinctly as has learning theory, for example. (See
Chapter 4.) Nevertheless, media has been a focal point of 1D research and theoretical
principles relating to media have evolved. Here we will examine the key principles of
media use in instruction that have shaped ID thinking. We are using the media theorist
Joshua Meyrowitz’s (1993) three views of media as a way to organize these principles.
These three metaphors present media as conduits of content, as Janguages, and as envi-

ronments.

Media as Conduits of Content: Representations of Reality

Instruction in general has been characterized as a process of providing specific experi-
ences that enable one to form generalized concepts (Dale, 1946). These concepts can
relate to abstract knowledge (i.e., verbal information), they can rclate to motor and
intellectual skills (including cognitive strategies), or they can become the foundation of
attitudes (Gagné, 1985). Media play a role in this concept formation process, and reflect
designers’ concerns with Meyrowitz’s (1993) emphasis on “getting our message across”.
When the emphasis is on accurately conveying the instructional content, it is at times
difficult to totally separate content from the general character of the media, especially
the extent to which the content represents reality.

Elements of Renlism

One of the basic media characteristics 1s how closely the media facilitates presentation
of content that corresponds to reality. In 1937 Hoban, Hoban, and Zisman asserted
that “the value of visual aids is a function of their degree of reality” (p. 22). To a great
extent-the goal of mediated instruction through the years has been an effort to create
realistic learning experiences. Such experiences may be rooted in everyday problems,
involve concrete representations calling upon all of our senses (sight, sound, perhaps
even smell), and reproduce real-life activity and events. These are elements of fidelity
and accuracy. , '

Another aspect of realism is the notion of “being there”. Seels, Fullerton, Berry, and
Horn (2004) characterize this as the sense of immedjacy that jearners feel. It is as if they
were experiencing “the representation of the thing or event as [being] almost simultane-
ous with its occurrence” (p. 252). This can be the case with telévision, film, video clips,
and the web.

Representations of reality have increased greatly in terms of both fidelity and in the
sense of “being there” as technologies have become more sophisticated. For example, vir-
tual reality tools allow learners to not only see and hear, bui also to touch in the learning
environment. The instruction can be truly experiential, and it has been especially useful
in medical education and in surgical simulators (McLellan, 2004). These tools bring new
meaning to Hoban et al.’s principle of aids functioning to their degree of reality.

N The Cone of Experience

One-ofthe carliest attempts to describe the role of media in instruction was Edgar Dale’s
(1946) Cone of Experience. Dale’s Cone (as it has long been known) visualizes the role of
media as links between doing (i.e., actual involvement in experiences) and symbolizing
(i.e., reading words or visuals such as charts or diagrams). It classifies the audio-visual
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aids of that time in terms of their concreteness or abstractness with direct, purpose-
ful experience being the most concrete and verbal symbols being the most abstract.
Between the two extremes lie contrived experience, dramatized experience, field trips,
demonstrations, exhibits, television, motion pictures, recordings or radio or still pic-
tures, and visual symbols. One could easily update the Cone by substituting modern
technology.

One implication of Dale’s Cone is that abstract concepts are easier to grasp if pre-
sented first in terms of concrete examples and experiences. A close analysis of the Cone
shows that these various activities and aids involve multipie senses, and the more con-
crete experiences typically involve audio and visual perception occurring at the same
time. These activities tend to be closer to direct experience.

Dale was quick to support the importance of each of the Cone’s parts, be they activ-
ities that involve doing, observing, or symbolizing. This same position was taken by
Hoban et al. (1937) when they said “Mere concrete experience, in itself, is no guarantee
of generalization; it merely supplies the situation by which this generalization becomes
possible and meaningful” (p. 24). Dale’s work was the beginning of what many call real-

ism theory in media.

Media as Language: Elensents of Structure

Meyrowitz’s (1993) media-as-language metaphor focuses upon the way in which the
various media are structured and emphasizes “the plasticity of the medium in altering
the presentation and meaning of the content elements” {p. 59). Here we will discuss
basic structural elements of instructional media: visuals, and the combination of various

elements, most typically audio and visual.

The Role of Visuals

To a great extent the language of media is the language of visuals, and as early as 1922,
it was suggested that rescarch showed that 40 percent of conceptual learning could be
attributed to visual experienices (Weber, 1922). In the past, visuals typically included
photographs, drawings, diagrams, maps, and fikn. Today, they alsc include video,
computer-generated animations, and icgns.

Instructional visuals can be described in terms of what they look like or of their func-
tion. The latter approach speaks more to the role visuzls play in learning with media.
Knowlton (1966) suggested that pictures were either realistic or analogical or logical.
Realistic pictures make reference to the real world. Analogical pictures visually portray
comparisons. Knowlton saw maps and circuit schematics as examples of logical pictures.
Duchastel (1980) provides another organizing scheme for instructional visuals. He sees
them “as having attentional, explicative, and/or retentional roles” (p. 286). These two
interpretations imply that illustrations add to the learning process by motivating (i.e.,
gaining attention, being realistic), facilitating understanding of the content (i.e., analogi-
cal, logical, explicative), or aiding in recall of the content.

While a large body of research supports the power of visuals as an instructional tool,
Baker and Dwyer’s (2000) series of studies provide a somewhat more tempered conclu-
sion. Even though visuals do have a largely positive influence on learning, they found
that not all visuals are equally important in terms of their given instructional function.
Color did arouse interest and relate to achievement, but the realistic details at times
seemed to distract students from the primary task.
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Cue Summation and Dual Coding Theory

An important element of media structure relates to the number of cues or stimuli that
are in-luded ina mediated presentation. Theyuiding principle has been that “learning is
iacreased as the number of available cuies or stimuli is increased” (Severin, 1967, p. 237).
“ue- are details in a presentation (e.g., color, sound, and text). These are the factors
rhat tend to make & presentation more realistic. This principle is consistent with realisrn
theory, and it is also reminiscent of the assumed superiority of multiple-channel com-
.aunication. (See Chapter 3). One implication of cue summation theory is that it is bet-
‘- t0 use multimedia with sound rather than use instructional materials that emphasize
saly oif or static lmages.

e superiority of visual instructional presentations over solely verbal presentations
als hias been explained through the work of Paivio (1991, 2007). Paivio’s dual coding
: togests that there are two separate, but interconnected, memory systems: one for
sorid tiilormation and another for visual information. Since visual information tends
i iInclude some text, both memory systems are used. Consequently, visual information
is more likely to be retained than purely verbal.

I'aivio’s theory has been generally supported empirically. This has provided a ratio-
1ale for not only using visuals, but for using more complex multimedia presentations
in teaching-learning situations. However, theve are conflicting research results in this
~egard. Mayer and Anderson (1992) found that instruction with animation and narra-
tion positively impacted problem solving, even though it did not show any advantages
over toditonal instruction in simple recall. However, other researchers have not found
St aeimated instruction surpasses instruction using only static visuals (Lin & Chen,
73, 1t may be that such visuals are important only when animation 1s specifically

‘et ity the content. This conclusion reinforces the long-standing design assump-
<o U centent, goals, and technique should mesh.

Media as a Learning Environment: Interacting with Technology
‘.ere i aow a new approach to viewing media known as media ecology. This orientation is:

. .. based upon the assumption that media are not mere tools that humans use, but
rather constitute environments within which théy move and shape the structure of
their perceptions, their forms of discourse, and their social behavior patterns. (Heise,

2002 p.151)

:his is reminiscent of general systems theory (GST) (see Chapter 2) since “when a new
Licter s added to an old environment, we do not get the old environment plus the new
Loior e get a new environment” (Meyrowitz as cited by Heise, 2002, p. 157). Hence
n ti:- point of view, in teaching and learning environments it may be more appro-
tite e xamine interactions with media, especially interactions shared among groups
¢+t arneand interactions between the learner and the tool itself. This reflects the cur-
toat o5 ciions made between learning from technology and learning with technology
Kozma, 1991; Jonassen, Peck, & Wilson, 1999), but this is not a new idea.

Media-Learner Interaction Effects

finthels 1260s and 1970s it became popular for educational scholars to study aptitude-
' ot eraction (ATI) effects. This research grew out of Cronbach’s proposal that
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the best way to deal with individual learner differences was to adjust the instructional
methods to fit the aptitude patterns of the learners (Parkhurst, 1975). Such thinking
reflected a rejection of research that resulted in recommendations only for the average
student, and a corresponding belief in the efficacy of individualized instruction. It also
reflected a shift from the dominance of beliavioral learning theory to that of cognitive
1eory. This orientation was also applied to instructional media research and

Fl

learning t!

practice.
Some of the initial efforts relating to ATI and media were simple. They thought of

learner aptitude primarily in terms of mental ability, and media in terims of either verbal
versus pictorial presentations or multi-channel and motion presentations. Typically, the
latter research pertained to television or motion pictures (see Allen, 1975). Snow and
Salomon (1968), however, reflected a mcre modern interpretation of learner character-
istics when they suggested that “the terrn ‘aptitude’ refers to any individual difference
variable which . . . appears 1o facilitate learning in some students and some instruc-
tional treatments while limiting or interfering with learning in other students and other
instructional treatments” (pp. 347-348). Thus, learner characteristics also included
other demographic variables, background, attitudes, and personality traits.

The practical implications of this line of thinking were that alternative media could he
selected for small groups of students (Snow & Salomen, 1968) or that mediated presen-
tations could be designed so that they would augment the mental operations of students
rerforming a certain task (Salomon, 1974).

The interest in ATI effects of mediated instruction led fairly naturally to positions
such as Salomon’s (1994) media attributes theory. In summary, his theory builds upon
the view that one of the inherent characteristics of a medium is its symbol system’ (i.e.,
a way of structuring and presenting information). The human mind also uses symbols
to control information, and some of these symbol systems are acquired from media.
When there is a match between the media symbol systems, the content, and the way
learners represent information 1n their minds, instruction is easier to understand (Clark
& Salornon, 1986). Moreover, “symbolic features of media can be made to cultivate cog-
nitive effects, not that those effects necessarily occur naturally as a result of uninvolved
exposure to a medium” (Clark & Salomon, 1986, p. 469). Consequently, using certain
media (and taking advantage of the medla’s iinportant attributes) can actually lead te
new cognitive skills among learners. This is a manifestation of complex interactions
between treatments (i.e., the media) and learners—the ATI effect.

The Role of Media in Distributed Cognition -

The previous discussion of learner interactions with media was rooted in the assump-
tion that cognition is something that occurs “in the head”. However, today cognition is
“widely seen as being more typically ‘distributed’ than individual” (Cobb, 1997, p. 30) or
as a “joint cognitive system in a cultural context, not the individual mind” {Angeli, 2008,
p. 272). Pea (1993) views this as distributed intelligence and characterizes such distribu-
ticnn as when “recourses that shape and enable activity are distributed in configuration

1 Olson (1974) suggests that it is impossible to understand media effects without first understanding their un-
derlying symbol systems. Moreover, these symbol systems (along with the medium) should be considered tools
which can amplify 2 person’s abilities, as well as the medium’s instructional potential.
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across people, environments, and situation. In other words, mtelligence is accomphshed
rather than possessed” (p. 50).

The major interest here concerns interaction specifically between humans and media
when the immediate physical learning resources are seen “not just as a source of input
and a receiver of output, but as a vehicle of thought” (Perkins, 1993, p. 90). Learning 1s
not only a shared activity, it is an activity that could not be accomplished without either
the human or the tool that operates much as an instructional system.

What is the function of media when distributed cognition takes place? There have
been two major points of view. First, media (and mcreasingly media 15 thought of in
this context as computers or computer networks) can be seen as a vehicle for handling
difficult tasks, tools that augment human capabilities. We can coniplete statistical com-
putations at ease, or search through vast quantities of information for answers to our
questions. On the other hand, media and techinology can enhance cognition or become
“reorganizers of mental functioning” (Pea, 1993, p. 57). Instead of simply making work
less arduous, computer visualization and simulations, for example, can actually lead to
different abstract concepts (Angeli, 2008). Intelligence can no longer be viewed exclu-
sively as an individual characteristic; it is a joint product of a complex environment.
Cognitive processes are actually shaped by the enviconment even though some efforts
are “off-loaded” to this environment when possible (Hollan, Hutchins, & Kirsh, 2000).
Mediated teaching and learning environments can assume these same characteristics.

The Philosophical Orientations of Media Theory .
Over the years the ID field has been criticized as being mechanistic and inhumane. This
was due in part to the role of media and technology in the teaching-learning process.
There were fears that technology use in teaching leads to uniformity and less contact
with inspiring teachers (Oettinger, 1969). There were concerns that while technology
use in education and training projected the aura of progress, it also reduced the amount
of human choice inherent in the process. At the same time the rush toward technology
often captures a growing portion of the precious resources devoted to education (Taylor
& Johnsen, 1986). Nonetheless, media and technology have continued to proliferate as
instructional tools, not just because they are a sign of the times, but because of a number

of ingrained beliefs and values.

3

Support for Realism and Object Manipulation

As we have seen, the value of media is closely related to how realistic it is. This faith
in realism stems from an underlying belief that those objects directly presented to our
senses represent the objects that actually exist in nature (Bittle, 1936). In other words,
the object is independent of the mind. From a philosophical point of view, realism is an
observable matter with physical attributes. It can be opposed to idealism which suggests
that “what is real is in some way confined to or at least related to the contents of our
own minds” (Hamlyn, 2005, p. 414). Realism serves as a philosophical foundation for
Dale’s Cone of Experience and for using visual aids and technology to tie abstract ideas
to concrete objects and experiences. It rejects idealism as a philosophy, not as a standard
of what is good or something to be sought.

Mediated learning typically involves experiencing concrete learning objects. Seeing,
touching, and hearing all becomne ways of learning rather than simply exploring one’s
own reasoning. The various interpretations and renditions of phenomenology explore
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such a position. This thinking was based on Edmond Husserl’s explorations into how
people experience actual objects (Tomasulo, 1990). It is “dependent on the explicitly
visual experiences of time, space, perception, signification, and human subjectivity™
(Tomasulo, 1990, p. 2), and because of the importance of visuals to media, this has been
a particularly appealing orientation of much media theory. The emphasis on manipulat-
ing concrete objects is consistent with the tenets of active learning as opposed to learning
that relies on pure reflection. Phenomenology alsoleads to an examination of individual
visual representations, and in turn the role of individual notions of reality.

Support for Individual Tevh‘nolog}' Interactions

Mediated instruction promoted various forms of individualized instruction. An individ-
ualistic philosophy places primary value on the individual, a very humanistic orientation.
Much of the very early media use tended to perpetuate traditional lecture-demonstra-
tion techniques, However, there were early calls to use the capabilities of the new teci-
nologies to promote individual discovery learning 2nd at the same time accommodate a
wide variety of individual differences (see Kilbourne, 1961).

Those espousing anti-individualism philosophies tend to emphasize the role of the
physical and social environment in determining individual behavior (Burge, 1279). This
somewhat reflects constructivist principles, although constructivists believe that ulti-
mately knowledge is internal to the individual. Distributed cognition is seen as a bridge
between individual and social cognition since distributed learning occurs “betwveen indi-
viduals in the context of the socio-cultural milieu, rather than in the head” (Schwartz,
2008, p. 395). Moreover, these social determinants are viewed by many as part of a cog-
nitive system. This is not simply a middle-ground viewpoint, but.is instead a “sensible
and reconciled position” (Schwartz, 2008, p. 396). -

MEDIA THEORY AND INSTRUCTIONAL DESIGN

Media is an integral part of much insiruction, and as such it is also a critical part of the
1D process. We will discuss two major ways in which media is integrated into the ID
process. The first, media selection, is a standard part of most 1D models. It is a critical
part of the design of instructional strategies. The second, media use, is not typically high-
lighted in the ID models. It is, however, incorporated into the delivery strategies, and
often becomes the dominant element of these strategies. Media use has aroused the pas-
sions of both media advocates and antagonists. While the media and technology options
have changed drastically over the years, it continues to reflect fundamental principles of
media and learning.

Media Selection

There are a wide variety of media selection models. The early models tended to deal with
traditional instruction, whether it be self-instructional or in groups. These models could
>e as simple as Gropper’s (1976) process, which he summarized in only four steps, or
hey could be as complicated as Romiszowski’s (1981) two-level process with various
ubprocesses constructed at each level.

More recent models focus on e-learning situations, corporate communication, and
1€ use of advanced technologies. There is, nonetheless, considerable overlap between
e old and the new, and ultimately they all pertain to media’s role in facilitating
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learning. Each model is built upon principles which address topics such as visual or
verbal instruction effectiveness, the requisites for using realism, or interaction.

s

Major Elements of Media Selection Models

Most media selection models address five general factors:

+ Content;

» learner characteristics;
- Instructional strategies;
»  Environment; and

- Management.

In these models, media selection is basically a process of matching media and their attri-
butes to the needs of the situation at hand. We will explore how these factors are embed-
ded into media selection models. '

Instructional content is typically specified in behavioral objective forrat, and in many
models the objectives are also classified as to the type of learning task they represent.
Typically, Gagné’s (1985) conception of the types of human capabilities is used to clas-
sify the learning tasks and these learning cutcomes then serve as the basis for identify-
ing the required instructional conditions. (See Chapter 7 for a full explanation of these
conditions-based theories.) For example, the Department of the Air Force (1975) provides
a guide that relates learning objectives, learning sirategies, and media. (See Table 6.1.)

This basic approach is still recommended by Gagné, Wager, Golas, and Keller (2005;.
However, their matrix encompasses learned capabilities (i.e., types of learning tasks),
events of instruction, instruction delivery methods and strategies, and effective media.

Media were not considered appropriate without consid_ering the nature of the learn-
ers. The Reiser and Gagné model (1983), for example, identifies media that are suitable
for both readers and nonreaders. Gagné (1985) cites the importance of learner 2ge in the
media selection decision. Romiszowski (1981) considers the impact of learning styles,
attention span, and motivation. Huddlestone and Pike (2008) speak of the importance
of considering student confidence to use technologies. Media selection cannot be suc-
cesstul without accounting for who will be using the media.

In the early years, instructional designers often saw the ideal instructional strategy as
being individualized. Many media selection models reflected this orientation. The Reiser
and Gagné (1983) model has two separate media decision paths: one for individualized
instruction and another for grouped instruction. This was often the first macro-level
sirategy decision. Another general strategy decision was related to the function of the
learning task. In the Air Force example (see Table 6.1) instructional strategies are viewed
in terms of their function: presentation, practice, or feedback. Function has also been
iterpreted in terms of the medium’s capability (e.g., to show motion or provide sound)
(see Kemp, 1985). Another standard way of interpreting instructional strategy in the
media selection process is by viewing the strategy as one of Gagné’s Events of Instruction.
This tactic was employed by Briggs, Gagné, and May in 1967, but it was also a part of
Huddlestone and Pike’s (2008) model. However, the newer models often make their
strategy-related media decision in terms of the interaction required. Caladine (2008), for
example, speaks to the need for interaction with materials, mteractxon between Jearners,
and interaction with the facilitator.
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The nature of the instructional environment also directs many designers to using one
medium over another. Leshin, Pollack, and Reigeluth {1992), for example, emphasize the
learning context, which they define in terms of factors such as group size. Romiszowski
(1981) speaks to the availability of resources, whether the environment is well adapted
to the use of a given medium, and whether the conditions in the instructional area per-
mit acceptable operation of the medium. Both Gagné (1985) and Department of the
" Air Force (1979) explore how the instructional setting can limit media choice. They are
especially concerned with whether the instructional setting bears a close resemblance to
the transfer setting. Then, being concerned with online learning, Huddleston and Pike
(2008) assess the type of connectivity available in the learning environments. .

Finally, media selection typically involves considering the implications of manage-
ment issues forease of media use. Often these factors are considered in conjunction with
a contextual analysis (Tessmer & Richey, 1997), and many madels simply refer to all of
these factors as issues of practicality. Most notable of the nianagement issues is the medi-
um’s cost effectiveness. Cost issucs are recognized by schelars such as Reiser and Gagné
(1983), Dick, Carey, and Carey (2009), and Huddlestone and Pike (2008). Houwvever,
there are many other management factors that impact media use. Gagné, Briggs, and
Wager (1992) identify a large number of these practical factors, including storage facili-
ties, technical support, teacher training requirements,-and general disruption that may
be caused by use of the medium. Huddlestone and Pike (2008).address a wide variety of
" -other instructional management concerns, such as the effects of limited bandwidth and
pressures to use existing classroom facilities.

In spite of the broad range of factors that impinge on educational media decisions, the
overwhelming emphasis has been on matching the media function to the learning task
“at hand. Nonetheless, there are alternative ways of characterizing media. One approach
is described in Daft, Lengel, and Trevino’s (1987) media richness theory. Media are con-
- sidered rich if they are capable of providing instant feedback, and if they have multiple
communications cues, a variety of languages types, and a personal focus. For example,
face-to-face communicustion would have the highest degree of media richness since
immediate feedback can be provided; there are multiple cues (e.g., body language and
tone of voice), natural language is used, and it can be very personal {Sun & Cheng, 2007).
‘Another similar approach to media selection is presented by social presence theory. Here
the social presence factor is seen as the extent to which other people are felt to be physi-
cally present during an interaction (Carlson & Davis, 1998). Both of these theories—
media richness and social presence—lead us to the examination of twe more recent
media selection theories that were developed specifically for e-learning environments.

Trends in Media Selection

Many of the newer media selection models focus on e-learning environments, whether
they involve web-based instruction or any other type of computer-based instruction
that facilitates any time, any place learning. These are highly mediated learning environ-
ments which typically employ realistic static and animated visuals. Color, sound, and
text all play critical roles in 1nuch of this instruction. Learning occurs via interaction
with the technology itself, but the technology can also facilitate learning by providing for
additional interaction between learners and between learners and instructors. Moreover,
in these environments media can be employed with very small units of instruction since
it can be embedded fairly easily in instruction on an objective by objective basis.



1 . Media Theory

The new media selection models also provide ways of dealing with some long-standing
issues in the field. For example, Gropper (1976) argued that media should be oriented
towards student responses rather than being seen only as a way of delivering stimulus
material. While this behavioral perspective is no longer generally accepted, media still
are typically seen primarily as vehicles for information presentation. However, the new
models which emphasize interaction address Gropper’s concerns in many respects since
they tend to put more emphasis on learner activity and engagement. We will explore
these trends by examining two new media selection models: Huddlestone and Pike
{2008) and Caladine (2008).

In many respects Huddlestone and Pike present an updated model that continues
to recognize the traditional elements of media selection. Even though this model
could be viewed as generic, it has been constructed to accommodate current trends in
e-learning.

Not unlike the early media selection models, Huddleston and Pike see the learning
task as the factor that primarily shapes the process. E-learning instruction can mvol\e
groups of varying sizes or it can be individualized. The grouping strategies, however,
are dependent upon the media attributes which can support either interactions or the
transmission of information. Instructional interactions depend to a great extent upon
whether the learning experience is synchronous or asynchronous and on whether the
players are co-located at any time (Huddlestone & Pike, 2008). '

In this model, the learning context is not simply the delivery context, but it also
encompasses factors such as support and maintenance, as well as design and development.
Instructional management is similarly expanded to include not ounly scheduling and
allocation of resources, but it also includes the use of a leammc management system (o
handle student enrollment, tracking and recording results of Lhe instruction. Cost effec-
tiveness includes calculating the return on investment. All of these decision factors are
interrelated and each factor impacts the operation of the others (Huddlestone & Pike,
2008). '

The second current model we will review is Caladine’s (2008) technology selection
method. The Caladine model is directed toward what has been called flexible learning
{i.e., learning that is flexible in terms of time or place) Here the instructor’s voice is no
longer the prime means of delivering information, and media systems are required to
manage interactions. This model is presented in Figure 6.1.

While Caladine (2008) also incorporates many traditional components of media
selection, his emphasis is on a combination of learning activities and learning
technologies. Technologies are viewed as being either represeniational (requiring one-
way interaction) or collaborative (requiring two-way interaction). Representational
technologies (e.g., printed materials or a film) are used with learning activities
that involve simply the provision of instructional materials or interaction with
such materials. On the other hand, collaborative technologies (e.g., e-mail or video
conferencing) are used with learning activities that involve interaction between
learners, interaction with the facilitator, or intra-action. This latter activity involves
interaction within the learner, such as reflection or critical thinking. Technology
selection is also influenced by the capabilities required of the media (i.e., the mechan-
ics of the subject), the learner, the facilitator, and the related costs. The technology is
ultimately selected for a given situation by analyzing and matching these various

factors.
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Figure 6.1 The Caladine Technology Selection Method.

Note: From £nfancing E-Learmning with Media-Rich Content and Interactions by R. Caladine, 2008, p. 138. Copyright 2608
by Information Science Publishing. Used with permission. . )

The Caladine model is made possible because of the new technologies, especially
the web, which makes such interaction and flexibility possible. However, the web also
supports the use of a wide variety of other media, including those used in traditional
tace-to-face instruction. It also makes the use of marerials from many disciplines and
many sources far more feasible than was previously possible. Such instructionis typically
structured around a learning management system.

These newer media selection modeis are put into the context of past models in Table
6.2. Here we compare seven models that represent the developmernt of media seleciion
p

rocesses over the years.?

Media Use _
Media use parallels the development and availability of technologies at any given point
~f time, but media functions have been more constant. Here we will describe media use
in terms of two major functions that media have served: being a vehicle of instructional
suatomation and being a means of bringing realism and interactivity into the learning

environment.

Automating Instruction
“ince Sidney Pressey’s introduction of the “Automatic Teacher” in the 1920s, there have
been a variety of efforts to use technology to individualize instruction and to relieve.
teachers of the manual, routine aspects of instruction. Pressey’s device provided a way

2 This table is sirnilar to Reiser and Gagné's (1983) comparison of then-prominent media selection models on
their page 15. )



Table 6.2 A Matrix of Representative Media Selection Models and Their Components

COMPONENTS MODELS
Briggs, Gropper Dept.of the Air Romiszowski Reiser & Gagné Caladine Huddlestone
Gagné, & (1976) Force (1981) (1983) (2008) & Pike (2008)
May (1967) (1979)
Content
» Behavioral Objectives X X X X X X (pre-task) X
* Type of Learning Task and Required Conditions X X X X X
Learner Characteristics X
* Previous Experience X X X x X X
+ Learning Rates and Abilities X X X X X
* Motivation and Attitudes . X X X
Instructional Strategy
+ Individualized/Grouping X - X X X
+ Instructional Function X X X X X X N
+ Media Capabilities Required X X X X X X X
+ Events of Instruction X X X
« Interaction Requirements X X
Environment
- Resources and Facilities X X X X X
* Instructional Setting Characteristics : X X X
+ Co-locatiori of Students and Instructor X X X
+ Instructor Skills and Support X X X
Management :
+ Cost Effectiveness X X X X
+ Maintenance and Technology Support X X X X
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for students to drill and test themselves, two processes that he saw as being intricately
connected. The machine (initially made of old typewriter parts) “regulated the rate of
instruction, allowed for self diagnosis, and liberated the teacher from time-consuming
coutine” (Petrina, 2004, p. 314). Students took multiple-choice tests and received feed-
hack on their performance. This was a forerunner of Skinner’s teaching machine.

Moving beyond Pressey’s testing device, Skinner’s machine employed programmed
instruction based upon his behavioral theories. Here, learned behavior was developed
by having students pass through very small sequences of steps (or frames) that led them

lowly to the final desired behavior. Each correct performance was systematically rein-
sreed (Skinner, 1958). Learning occurred through self-instruction and self-pacing.
Jltirnately, programmed instruction incorporated audio and video stimuli in addition
ro the textual presentation ofinformation. Teaching machines and programmed instruc-
‘ion were one attempt to adapt instruction to the wide range of individual differences
.ad eliminate failure from education and training.

Pressey and Skinner looked to single “machines” to automate the teaching and learn-
ing process. Others sought to combine the available technologies and processes to auto-
mate the entire classroom. For example, Finn (1957a, 1957b, 1960) made a coordinated
proposal for full classroom automation. He saw automation as a way to increase educa-
iional efficiency and to deal with existing teacher shortages even as itraised the quality of
teaching. Automated classrooms were intimately conrected with the new instructional
rechnologies of the time, especially television. Finn’s view of classroom automation was
also tied to systems theory (see Chapter 2) since he saw automation as involving the
~oordination of instructional management processes, personnel, and machinery. 1t was
also dependent upon analysis and long-range planning.

These attempts to automate instruction reflect the view of media as a learning envi-
ronment and they also emphasize learners interacting individually with the technology.
{Jltimately the efforts to automate classrooms were largely aborted, not because of tech-
nology failure, but because of apprehensions concerning mechanization and dehuman-
ization. To many, automation conjured up images of mass production in the classroom.
Nonetheless, there are clements of these innovations still alive roday.

Creating Realistic, Interactive Learning Environments

As computer technologies advanced and became more accessible, computer-based media

assumed a dominant role in instruction. Such technology soon integrated video, still and

animated graphics, and the ability to establish links between all aspects of instruction and

supporting information. Much of the eatly computer-based instruction often reflected

1Pments of the Skinnerian teaching machiue. For example, learners still controlled pac—
«r and sequencing, and feedback was immediate.

Wlth the advent of the World Wide Web, new instructional strategies emerged.
Instruction no longer needed to be bound by time or space, and communication among
'irners and between learners and instructors could occur at any time. The web also
ovovided access to sources of information that had previously not even been considered
i remote possibility. ‘

Advances in computer-based media were influenced by more than technology inno-
vations. They were also influenced by new thinking related to pedagogy and the psy-
vhological aspects of learning (Hannafin, Hannafin, Hooper, Rieber, & Kini, 1996). For
example, advocates of constructivism, anchored instruction, and situated cognition
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readily looked to the compuier and the web as a way of providing instructional activities
rooted in true-to-life contexts. (See Chapter 8.)

At first, making contextual descriptions realistic was approached simply from a
technological point of view. For example, Strang, Badt, Kauffian, and Maggio (1988)
described their use of simple microcomputer-based simulations to help preservice
teachers to learn feedback and classroom management skills. The computer provided
verbal exchanges between classroom teachers and their students. These exercises and
subsequent debriefings with the instructor provided learning activities in addition to
traditional lectures and field experiences.

Then the materials became more complex. Interactive video clips and large data sets
were embedded in problem-solving instruction to provide the relevant contextual infor-
mation, and some programs allowed students to model and practice problem solving.
Other instruction established context through the use of high-fidelity images that cap-
tured the essence of real-life activities (Hannafin et al., 1996). .

The possibilities for interaction during the teaching-learning process also grew dra-
matically with the introduction of the Internet, web-based instruction, and online learn-
ing. For example, Harris (as cited in Hill, Wiley, Nelson, & Han, 2004) identified six
types of interpersonal exchanges taking place on the Internet. These included activities
such as global classrooms (1.e., classrooms studying common topics together), electronic
appearances (l.e., student correspondence with guests on electronic bulletin boards),
and electronic mentoring (i.e., expert guidance of novice students). Crezative instructors
and designers will continue to expand interactions among students and subject mat-
ter experts. They will provide even more collaburative learning and an increased social

presence.

Trends in Media Use

Today, technology permeates instruction at all levels. The more complex technology-
based designs, however, relate to learning environments, not classrooms, since the new
technologies have in effect removed traditicnal walls from instructional settings. These
new settings have been called techrology-enhanced learning environments (TELE).

“TELEs are technclogy-based learning and instructional systems through which stu-
dents acquire skiils or knowledge, usually With the help of teachers or facilitators, learn-
ing support tools, and technological resources” (Wang & Hannafin, 2005, p. 5).

TELEs tend to be learner-centered with a high degree of learner control. They are
likely to employ strategies that reflect experiential or situated learning principles, and
they use primarily individualized methods. The technology resources help studemnts
access data often on a global basis and they establish social communities revolving
around the learning tasks. They also provide for ongoing assessment and feedback, and
help students develop a deep understandmg of the content (Chen, Calinger, Howard, &
Oskorus, 2008).

A recent TELE example is provided by Kim and Hannafin (2008). They describe a
technology-enhanced, case-based learning activity in which students use a web-based
library consisting of cases of expert teachers developing technology-enhanced lesson
plans. These multimedia cases include interviews with the experts, authentic context
data, work samples, and archival data. The tools provide for instruction that is self-
regulated and situated in real life contexts. These tools facilitate learning by engaging
students in experiences that demand task-related action, reflection, and problem solving.
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TELEs also frequently make use of other technologies that replicate real-world expe-
riences such as simulations, games, virtual reality, online worlds, and other immersive
technologies. While some designers use the terms “simulation” and “game” interchange-
ably, Johnson (2008) views simulations as being driven by one person interacting with
hyracters in different scenarios. Gredler (2004) sees a simulation as a case study of “a
particular social or physical reality” (p. 573). On the other hand, games are competi-
tive activities, even though they too may incorporate simulations. “An online world is
tyJAC'illy a 3D representation of the real world and a place to host events or learning
ceperiences” (Johnson, 2008, p. 30). Second Life is one of the most popuhr examples cf
s onlive world. Virtual reahty is also related tothese technologies. It “can be defined as
ihe use of computers and related technology to produce an artificial environment that
dinulates a target one” (Connolly, 2005, p. 13). Learners are able to move about and
:iate these various worlds, often through very life-like avatars.

Colicctively, these tools are known as immersive technologies. However, they are
modarn applications of the fundamental principles-of media and learning. They are
exressions of a belief in the value of hands-on learning couched in life-like materials
that facilitate high degrees of interaction. They aré expressions of a belief in the value
i leartiing experiences which impact all of the senses, and of instruction which adapts
to the needs of individual students. Today’s technologies facilitate a far more complete
application of these long-held principles than do the media of the past.

RESEARCH, MEDJIA THEORY, AND INSTRUCTIONAL DESIGN
bere is a huge body of media research. Allen (1959) estimated that in the 40 vears
weent 1919 and 1959 there had been between 2500 and 3000 separate educational
i studies. We would not attempt to update this figure, but it surely has more than
woumul In general, all of this research has sought to:

< Substantiate media effectiveness and superiority over traditional teaching methods;
° Explain how media attributes and techiniques of classroom use facilitate learning;
+ Explain the impact of media on learners; and

+  Document processes of media design and development.

eriodic reviews of media research as a whole have attempted to determine the extent to
which these goals were achjeved. For example, see Allen (1956, 1959, 1971), Lumsdaine
{1963), Campeau (1967), Torkelson (1977), Wilkinson, (1980), and Clark and Salomon
7198&). In addition, there were the reviews that served as the basis of the now famous
'iw L -Kozma debate in the literature (See Clark, 1983; Kozma, 1991). Our task here is

o brictly summarize what have we learned about media in general from this mammoth

\d/ fwork.

Empirical Support of Media Theory Applications in Instructional Design

ta an effort to tie media to learning, there have been many studies that compare one
nedia to another. As Clark and Salomon said in 1986, these studies attempt to answer

he question Who is the fairest of them all? Typically the comparison is between the
newest raedium which has captured disciplinary attention and nonmediated traditional
stou instruction delivered in a face-to-face setting. These studies have usually

o ,q_
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resulted in no significant differences, and there have been loud cries in the literature that
they be discontinued (Adlen, 1959; Lumsdaine, 1963; Campeau, 1967; Torkelson, 1977;
Clark & Salomon, 1986). As a result of these findings of no differences, some researchers
(notably Clark, 1983 and Winn, 1984) have concluded that there are “no learning ben-
efits to be gained from employing any specific medium to dehver instruction” (Clark,
1983, p. 445).

However, Kozma (1991) argued that the capabilities of a given medium interact with
the teaching methods and the two in combination can influence the mannrer in which
learners process information. Therefore, media can make a difference. Others in their
reviews of media research have pointed out the value of studies of the vnique attri-
butes of particular media (Allen, 1971, Levie & Dickie, 1973, Clark & Salomon, 1986).
Wilkinson (1980) concluded that the rescarch does suggest that when both media attri-
butes and learner characteristics are considered that data show that media do impact
student achievement. By and large Kozma (1991) agrees.

These views of media research fundamentally speak to the question of whether media
arc interchangeable in a given instructional situation with their selection being primarily
a matter of cost, availability, or motivational qualities. Still, many wonder Jf the newer
technologies have attributes and capabilities that are so unique that indeed they can not
be viewed as interchangeable objects. Clark and Salomon saw this as a possibility in 1986
since the new technological materials tended (even at that time) to be better prepared
and could provide an impetus for curriculum reform.

Curyent research on leammg with multimedia seems to show that retention, prob—
lem solving, and transfer of training are positively impacted due to muitiple and richer
representations of content, multiple ways of retrieving mformation, and the possibili-
ties of more coguitive flexibility (Graesser, Chipman, & King, 2008). The conclusions
with respect to Internet-based instruction, simulations, and games are mixed (Hill et al.,
2004; Graesser et al., 2008).

There is also a body of research directed toward the design and development of media.
Some ofthis research confirms the effectiveness of certain design techniques (e.g., anima-
tion, learning objects, placement of words and pictures on a screen, whether to use nar-
ration or text). Other research examines the entire process of designing and developing
specific products or tools (Richey & Klein, 2007). This research has been far less contro-
versial and has provided direction for the design of the new and emerging technologies.

Recornmendations for Continuing Research
With each review of media research there have been recommendations for it to continue,
but with a new focus. In addition, individual rescarchers often offer morxe specific sug-
gestions for new research agendas. Recent recommendations have included:

*  Research on learning via the Internet in formal and informal contexts, including
an exploration of best practices and ethical considerations (Hill et al., 2004);

- Studies of virtual environments, serious games, and learning (Graesser et al.,
2008);

- Demonstration projects that analyze the role oflmmersxon in learning (Summers,

Reiff, & Weber, 2008);
- Practice-based studies of mobile technology and learning (Romiszowski & Mason,

2004);
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Tahle 6.3 Continved

5. 1D Applications:
- Automating Instruction
» Media Selection (Face-to-Face and Online Settings)
- Multimedia Computer-Based Instruction
+ Online Worlds
- Simulations and Games

6. Supporting ID Research:
- Media and Learning Research
+ Media Attributes Research
+ Media Comparison Research
- Media Design and Development Research
+ Media Use Research

7. Related Concepts:
- Aptitude-Treatment Interactions
- Cone of Experience
- Flexible Learning
+ Immersive Technologies
- Teaching Machines and Individualized Instruction
- Technology-Enhanced Learning Environment (TELE)

Media theory has a special place in the ID knowledge base. While it does influence
many of the domains, it primarily shapes the domains of media and delivery systems and
instructional and noninstructional strategies as shown in Table 6.4.

Table 5.4 Insiructional Design Domains and Elements Related to Media Theory

Learners and Learning Processes
- Learner Characteristics (aptitude, demographics, background)
» Distributed Learning Process

Learning and Perforniance Contexts
- Instructional Environment (e.g., location of instructor and students, group size, delivery conditions,
connectivity, storage and facilities)
* Instructional Resources Available
+ Similarity Between Learning and Performance Contexts
+ Support Available (technical and maintenance)

. Content Structureand Sequence
» Visualization of Content

Instructional and Noninstructional Strategies
* Facilitating Activity and Engagement
+ Facilitating Communication Online
* Facilitating Interaction (between learners, between learners and instructors)
* Individualizing Instruction
+ Providing Concrete Experiences
+ Reproducing Real-Life Activities and Events

Media and Delivery Systems
+ Media Capabilities and Attributes (e.g., richness, social presence)
= Media Costs
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+ Media Functions (e.g., presentation, teedback, practice, manager of interactions)

- Media Selection (cues, interaction, symbol system. relating to content, learner characteristics,
instructional strategy, environment, management)

* Role in Learning Process (e.g., part of stimulus, part of response)

- Type of Delivery (c.g., synchronous or asynchronous)

Designers and Design Processes
+ Design of Online Learning
» Multimedia Design (e.g., increasing cues, sound over visuals)
» Product Development

The second major theory base that stems from 1D research and practice 1s that of
conditions-based theory, which is discussed in Chapter 7. To many scholars in the field,

this is the heart of ID.



/

CONDITIONS-BASED THEORY

To many in the field, the core principles of instructional design (ID) are rooted in what
is known as conditions-based theory. Conditions-based theory is basically a cognitive
orientation that is especially pertinent to the sclection and design of instructional
strategies. [t is closely related to the work of Robert M. Gagné, a pioneer of ID theory
and research. While Gagné saw his key principles as elements of instructional theory,
his work has been applied directly to the development of the conditicns-based genre of
1D theory and practice. Today, there are a number of conditions-based ID theories and
models which are consistent with most (if not all) of Gagné’s original principles. Recent
thinking expands his original premises and often emphasizes new aspects of the learning
and performance improvement processes.

Conditions-based theory evolved originally from instructional psychology research,
highlighting the direct lineage between this branch of psychology and the field of
1D that emerged in the late 1960s and- 1970s. At one point during this period, the
term “psychoedncational design” was used to emphasize the relationship between
psychological principles and improved practice (Snellbecker, 1974). Today, conditions-
based theories continue to be rooted in psychological research to some extent, but also
rely on the findings of ID research as well.

In this chapter, we will describe:

- The foundations of conditions-based theory by identifying and exploring

illustrations of its key elements;
+ The expansion of conditions-based approaches to ID; and
= The research supporting conditions-based approaches to ID.

THE FOUNDATIONS OF CONDITIONS-BASED THEORY

Conditions-based theory has been called “commonplace, if not universal, in current
instructional psychology and instructional design thinking” (Ragan, Smith, & Curda,
2008, p. 384). Nonetheless, many scholars struggle to specifically decide what constitutes

104
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such a theory, or what practice truly reflects the principles of conditions-based theory.
Here we describe conditions-based theoryin terms ofthree key premises. These principles
are rooted in Gagné’s work, but generalized to accommodate new interpretations of the

theory. These premises are:

» There are different types of learning outcomes, and ewch type oflmrmng calls for

different types of instruction. .y -0 b :
- Instructional sequencing relies upon relationships among the various learning
outcomes.

- Instructional strategies should facilitate the internal processes of learning.

Others have described these principles somewhat differently, although we belicve their
essence 15 fundamentally consistent with our interpretation (Wilson & Cole, 1991;
‘Ragan et al., 2008). Essentially, conditions-based theory encompasses the belief that
all learning is not the same. Good instructors recognize this and modify their teaching
to accommodate the unique nature of the content, being especially mindful of the
relationships and complexities of various aspects of the subject matter. These variations
in teaching, in effect, create a match between the internal conditions of learning (1.e.,
what is going on inside the learner’s mind) and the external conditions of learning (i.e.,
the manner in which instruction is delivered). Thus, learning is enhanced and made
more efficient. We will explore each of these ideas by describing the contributions of the
foundational theorists.

Types of Learning Outcomes

The notion that there are different types of learning is not new. However, scholars
originally categorized these differences in terms of how tearning occurs. Thus, the
literature included topics such as stimulus-response learning, incidental learning, or
rote learning. On the other hand, when researchers directed their attention to topics
such as verbal learning, concept learning, or learning perceptual-motor skills, they were
venturing into thinking of variations in learning from a content perspective. This is the
orientation of the various iearning types in conditions-based ID theory. Here we will
discuss the initial ways in which learmng tasks were categorized by Benjamin Blooin,

Robert Gagné, and David Merrill.

The Classification of Educational Goals

From 1949 to 1953, experts in psychology, education, and psychometrics worked to
identify taxonomies of educational goals in the cognitive, affective, and psychomo-
tor domains. The result of this work is now commonly called Bloom’s taxoncmies.
These taxonomies are hierarchical, with outcomes moving from simple to complex.
Objectives in each category build upon those in previous categories. According to
Krathwohl, Bloom, and Masia (1964), the largest proportion of educational objec-
tives are in the cognitive domain. These range from recalling simple facts to synthe-
sizing new ideas when solving problems. The framework includes six main categories
of cognitive objectives: knowledge, comprehension, application, analysis, synthesis,
and evaluation (Bloom, 1956). Each of these groupings also include subcategories of
outcomes. For example comprehension is supported by the subcategories translation,
interpretation, and extrapolation. :
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Objectives in the aflective domain represent interest, attitude, values, emotion,
and bias. This framework includes five main categories of affective objectives: receiv-
ing, responding, valuing, organization, and characterization (Krathwohl et al,, 1964).
Psychomotor objectives focus on motor skills and the manipulation of tools and objects
for a particular job. Bloom and his associates did not identify categories in the psycho-
motor domain since there were few examples of these objectives in the literature when
the classification systems were introduced.

The taxonomies developed by Bloom and his colleagues have noteworthy implications
for the systematic design of instruction. As van Merrienboer (2007) points out, the cog-
nitive, psychomotor, and affective domains identificd by Bloom generally correspond
to the knowledge, skill, and attitude (KS&A) outcomes at the center of most traditional
ID models. They are general behavioral descriptors of content addressed in education
and training programs. In addition, since the content classifications are arranged fromn
simple to complex, they also highlight the relationships between content areas. Bloom
(1956) and his colleagues viewed their taxonomy as also serving as a vehicle for test
development and curriculum construction. (See Chapter 5 for a discussion of Bloom’s
ipproach to curriculum.)

The Domains of Learning

Lobert M. Gagné explicitly recognized the pioneering work of Bloom and his col-
zagues when he reasoned that different categories of learning domains are required
or measuring outcomes regardless of the subject matter being taught (sec Gagné,
972/2000). Gagné’s (1964, 1965) early identification of the various learning types
rongly reflected the then dominant influence of behavioral psychology. However,
ver the years, he modified his views. Table 7.1 snows Gagné’s various attempts to
istinguish among the types of learning tasks and the relationships among these clas-
fication systems.
Initially, Gagné (1964) identified six categeries of learning: response learning, chain-
g, verbal learning, concept learning, principle learning, and problem solving. With the
iblication in 1965 of the first edition of his landmark book, The Cenditions of Learning,
ese categories were somewhat expanded. Response learning was divided into signal
irning and stimulus-response learning. Verbal learning was then seen as verbal asso-
itions, and the notion of multiple discriminations was included as a precursor to con-
o>tlearning.
Gagné’sinitialapproachto categorizinglearningtasks blendslearning process concerns
‘h learning content concerns. He provides examples across subject areas of content in
h category. Teaching soldiers to be alert when hearing the command “Attention” is
nal Jearning. Teaching a child the meaning of the word “middle” is an example of
icept learning (Gagné, 1965). However, Gagné has two rationales for determining
various types of learning: (1) to show the simple to complex relationships among
categories (not unlike Bloom) and (2) to demonstrate common circumstances (i.e.,
:rnal conditions) that facilitate each type of learning. He is concerned with both how
ning occurs and the nature of the learning content.
his dual concern was also evident when Gagné made the transition from “types
:arning” to “domains of learning”. His initial presentation of domains was motor
s, verbal information, intellectual skills, cognitive strategies, and attitudes (Gagné,
}/2000). On the surface this category system seems more content-oriented, and
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Table 7.1 A Summary of Gagné's Interpretations of the Types of Learning from teast to Most Complex

Gagné (1964)
Type of Learning

Response Learning

Chaining
Verbal Learning

Concept Learning

Principle Learning
Problem Solving

Gagné (1963)
Type of Learning

Signal Learning
Stimulus-Response
Learning

Chaining

Verbal
Associations

Multiple
Discrimination

Concept Learning

Principle Lea ning
Problem Solving

Gagné
(1972/2000)
Domains of
Learning

Gagné, Briggs, &
“Wager (1992)
Intellectual Skills
Commoanlyin
Education and
Training

Verbal Information
(or Declarative
Knowledge, sce
Gagné, 1984)
Intellectual Skills
(or Procedural
Knowledge, see
Gagné, 1984)

Diserimination

Concrete Concept
Rules and Defined
Concepts
Higher-Order Rules
Problem Solving

Cognitive Strategies
Motor Skills”
Attitudes*

* Domain outside of the complexity hierarchy

indeed he does consider them to be “classes of instructional objectives™ (Gagné,
1©72/2000, p. 103). They are similar in some ways to Bloom’s taxcnomy. However, he is
still profoundly concerned with how learning occurs and sees these classes of objectives
as each having a “different set of criticai conditions'to insure efficient learning” (Gagné,
1972/2000, p. 103). Thus, each category would be taught in a similar manner regardless
of whether one was teaching physics or poetry. In addition, each domain tends to require
different ways of assessing the learning outcomes, again similar to Bloom.

Gagné went on to expand the intellectual skill domain. Ultimately, he saw the intel-
lectual skills (also arranged in a simple to complex fashion) as being discriminations,
concrete concepts, rules and defined concepts, higher-order rules, and problem solving
(Gagné, Briggs, & Wager, 1992). This classification system drew from his early identifi-
cation of types of learning.

Gagné’s thinking about the types of learning has greatly influenced ID practice.
Classifying the learning task is one of the first steps-designers typically take. This decision
then provides direction for many subsequent design steps, especially strategy selection.
Gagné’s position on types of learning also establishes his conviction that there are gen-
eral types of learning that cut across all disciplines; there are not types of science learning
or mathematics learning, for example (Gagné, 1984). This assumption suggests that ID
itself is a generic process that can be applied to all disciplines. ,
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The Performance-Content Matrix

Merrill and Boutwell (1973) and Merrill (1983) proposed another configuration for clas-
sifying learning tasks. This was known as the Performance-Content Matrix. It shows the
ledriing task as a combination of two independent phenomena: the content categories
and the behaviors students demonstrate when they have met the instructional objective.
This scheme does not directly address how learning occurs. The matrix is presented in
Figure 7.1.

The types of content (fact, concept, procedure, principle) build upon Gagné’s cat-
egories, a variation of the domains of verbal information, intellectual skill, and cogni-
tive strategies (Gagné & Merrill, 1990). The alternative types of student behaviors are
remember, find, and use. Merrill and Boutwell (1973) saw this system of classifying
learning outcomes as being a more complete taxonomy than those previously suggested.
It reflects the basic underlying assumption “that there is more than one kind of learning
and perhaps more than one kind of memory structure” (Merrill, 1983, p. 300). Thus,
Merrill is subscribing not only to multipie types of learning, but also to the notion of
internal conditions of learning.

In 1992, Merrill, Jones, and Li identified 13 classes of instructional transactions as a
precursor to Merrill’s continued development of his theoretical position. Merrill (1999)
defines an instructional transaction as “all of the learning Interactions necessary for a

student to acquire a particular kind of knowledge or siall” (p. 402). These transaction

classes are shown in Table 7.2.
In essence, Merrill has expanded the performance component of his matrix.

Integrative Goals

Sagné and Merrill (1990) also worked together to expand both of their classification
iystems. The addition dealt with instruction that addresses comprehensive activities
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re 7.1 The Performance-Content Matrix.

From “Component Display Theory” by M. D. ‘Merrill, 1983.In C. M. Reiée!uth (Ed.) Jnstructional-Design Theories and
ifs: An Overview of Their Current Status, p. 286. Copyright 1983 by Lawrence Ertbaum Asscciates, Publishers. Used
sermission. ' .
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Component Transactions
IDENTIFY:

EXECUTE:

INTERPRET:

Name and remember information about parts of an entity
Remember and do steps in an activity
Remember events and predict causes in a process

Abstraction Transactions
J[UDGE:

CLASSIFY:
GENERALIZE:

NECIDE:

TRANSFER:

Order instances

Sort instances

Group instances

Select among alternatives

Apply steps or events to a new situation

Associaticn Transactions

PROPOGATE: Acquire one set of skills in the context of another set of skills

ANALOGIZE: Acquire steps of an activity, or events of a process, by likening
to a different activity or process

SUBSTITUTE: Extend one activity to learn another activity

DESIGN: [nvent a new activity

DISCOVER: Discover a new process

i~vote: From “Instructional Transaction Theory” by M. D. Merrill, 1999. In C. M. Reigeluth (Ed.) Instructional-Design Theories
and Models, Volume [I: A New Paradigm of Instructional Theory, p. $05. Copyright 1999 by Lawrence Erlbaum Associates,
Publishers. Used with permission.

involving multiple types of learning tasks directed toward a commmon, integrative goal.
wsagné and Merrill called this type of activity an enterprise. Moreover, they suggest that:

... different integrated goals of various enterprises are represented in memory as dif-
terent kinds of cognitive structures . . . a schema that reflects the purpose or goal of
the enterprise category, the various knowledges and skilis required to engage in the

~enterprise, and a scenario which indicates when and how each piece of knowledge or
skill is required by the enterprise. (p. 25; emphasts in the original)

The integrative goals of an enterprise are critical to designers who are concerned
particularly with transfer. The enterprise scenario relates the various knowledge and
skill objectives to a final goal and often to a larger project that encompasses this goal.
instruction of this type incorporates a number of learning outcomes into a holistic
and integrated teaching-learning activity and results in unique learning conditions and
mstructional strategies (Gagné & Merrill, 1990).

Sequencing Learning Outcomes
i a conditions-based orientation, decisions concerning instructional sequencing are
dependent to a great extent upon the nature of the learning task and its connection
tor other related tasks. Each of the original systems of classifying learning tasks implied
prerequisite relationships between the various learning outcomes. This dominant
conditions-based position on sequencing was presented initially by Gagné, and then this
thinking was extended by other theorists, such as Charles Reigeluth.

Learning Hierarchies and the Theory of Cumulative Learning

One of Gagné’s fundamental beliefs was that “behavioral development results from the
curnlative effects of learning” (Gagné, 1968/2000a, p. 40). He suggested that learning
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is an ordered process, involving ncew learning being built upon the foundations of past
learning. This principle was empirically supported by Gagné’s own research and that of
many others (see Gagné, 1973). The components of this theory of cumulative learning
are those hierarchical classes of human performance shown in Table 7.1, especially the
various intellectual skills.

Cumulative learning theory has obvious implications for the sequencing of instruc-
tion, a task Gagné (1973) carefully distinguishes from the sequencing of learning.
However, instructional sequencing is dependent upon first identifying and dia-
gramming the knowledge and skills that are subordinate to the intended outcome of
instruction. This diagram is known as a learning hierarchy. To Gagné (1973) learn-
ing hierarchies are “descriptions of successively achievable intellectual skills, each of
which is stated as a performance class” (p. 21). Figure 7.2 shows a generalized example
of such a hierarchy.

This example shows the relative level of complexity of all tasks, and identifies those
which are essential prerequisites to the higher level tasks. It alsc shows the relation-
ships of the tasks in the three major strands of skills (i.e., 3-4-7-10, 1-5-8-10, and
2-6-9-10). '

One can use learning hierarchies to determine the most effective instructional
sequence. However, Gagné (1968/2000b) clearly noted that the sequences suggested by
these hierarchies were not the only path students could take to the final objective. While
there seerns to be evidence of increased efficiency when instruction requires systematic
recall of prerequisites (Gagné, 1973), hierarchy-directed sequences may not necessarily
be the most efficient route for a particular learner given the broad range of individual
differences. What is likely, however, 1s that the learning hierarchy sequence has “the
most probable expectation of greatest positive transfer for an entire sample of learners”

(Gagné, 1968/2000b, p. 69).

10. Problem Solving
r 9. Rule

7. Rule ' 8. Rule .
L

l 3. Concept l 4. Cohcept , 5. Concept 6. Concept

]
1. Discrimination 2. Discrimination

Figure 7.2 A Sample Learning Hierarchy.
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Elaboration Theory

Reigeluth’s Flaboranon Theory provides direction for sequencing large units of instruc-
tion dealing with many ideas, often at the course “Jevel. At its inception, it extended
Merrill's early ID theory which dealt primarily with the microdesign of individual les-
sons. In addition, Elaboration Theory originaily pertained exelusively to Bloom’s cogni-
tive domain, covering “all of the levels of Bloom’s taxonomy, plus an additional level
which is often referred to as ‘meta-cognition’™ (Reigeluth & Darwazch, 1982, p. 23). In
later explanations of the theory, Reigeluth {1999} emphasized the holistic and learner-
centered aspects of this approach to sequencing and its role in building firm cognitive
foundations, and meaningful, inotivated learning. This is possible because of the rela-
tionships (i.e., superordinate, coordinate, and subordinate) among the concepis to be
sequenced. Such relationships must be first identified through a theoretical analysis
resulting in a hierarchical structure of the concepts or principles to be taught (Reigeluth,
1999).

In essence, Elaboration Theory prescribes a general-to-detailed sequence that is
another variation of the simple-to-complex approach. The initial generality presented is
called an epitome, a special kind of content overview.

Epitomizing always entails identifying either very general or very simple ideas, but not
absiract ones. . . . land presenting] a small number of the most fundamental, repre-
sentative, general, and/or simple ideas . . . including whatever of the other types of
“content that are highly relevant (including learning prerequisites). (Reigeluth & Stein,
1983, p. 346; emphasis in the original)

For example, the various economic principles (such as the law of supply and demand)
serve as the epitome for an introductory course in economics, and concepts such as price
or quantities supplied are examples of supporting content (Reigeluth & Stein, 1983).

The epitome is followed by presenting various levels of content elaboration, each
of which provides additiona! content detail or complexit‘/ (Reigeluth & Stein, 1983}.
These elaboratlons provide more comprehensive versions of the task at hand. Thesc ver-
sions may be more complex and more realistic than the r'recedmg example, or they may
show less representative cases (Reigeluth, 1999}. For example, in the economics course
example, elaborations might include the effects of changes in supply schedules on price
(Reigeluth & Stein, 1983). This elaboration process may be interrupted to return to the
general epitome to reestablish the contextand to review the instruction to date, but then
further elaboration of the content would take place. Reigeluth and Stein (1983) call this
the “zoom lens” approach.

The lessons end with the use of an internal summarizer and an internal synthesizer.
The summarizers review the original generality, a specific example, and some self-test
practice situations, The synthesizers show the relationships among the various ideas in
ihe lesson (Reigeluth & Darwazeh, 1982).

Elaboration Theory itself has a multifaceted theoretical foundation. It is primarily a
type of conditions-based theory, because it is based upon the assumption that there are
different types of learning tasks and instruction varies in terms of each type. Moreover,
Elaboration Theory integrates' Gagné’s hierarchical approach to sequencing into its
structure by recognizing the place of teaching prerequisite skills. It expands Merrill’s
generality-instance-practice pattern. It also reflects Ausubel’s notion of subsumptive
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sequencing (sece Chapter 4), and Bruner’s concept of a spiraling curriculum (see Chapter
5) (Reigeluth & Darwazeh, 1982; Reigeluth & Stein, 1983).

Facilitating Internal Learning Frocesses

The third major premise of conditions-based theory is that instructional strategies
should facilitate the internal processes of learning. In many ways, this is the heart of
conditions-based theory. The effective external conditions of instruction (i.e., the teach-
ing strategies, the instructional materials, and the student activities) facilitate learning
which is fundamentally an internal process. These external conditions, however, are
dependent upon the type of learning task and the sequencing of the activities. Our dis-
cussion once again will begin with the groundbreaking work of Robert Gagné. It will

then continue with David Merrill’s theories that expanded Gagné’s thinking to account
for new cognitive interpretations of learning and new technologies.

The Events of Instruction

Gagné’s views of learning primarily reflect the cognitive orientation, and more specifi-
cally that of information processing. Consequently, the learning process was seen as
involving sensory perception, working memory, encoding and storage in long-term
memory, and retrieving information from long-term memory. (See the more complete
discussion of cognitive learning theory in Chapter 4.) Effective instruction consists of
activities that facilitate these various aspects of the learning process. Gagné {1985)
summarized these activities in his Events of Instruction. They begin with gaining stu-
dents’ attention, letting them know what the goals of the lesson are and how the goals
relate to things they already know, presenting the content and helping students with
its complex aspects, providing opportunities for practice and information on how well
they are doing, testing, and helping students to remember and use what they have just
learned, These events are the general steps teachers would follew in any lesson. They
are the external conditions of learning. Table 7.3 identifies these nine events. In addi-
tion, it shows how each event relates to the learning process as seen from a cognitive
point of view.

The order of these events is one that is typically followed, although Gagné never sug-
gested that the order or even the use of each event was required in every lessor (Gagné et
al., 1992). Instead, designers should ask themselves a simple question: “Do these learners
need support at this stage for learning this task?” (Gagné et al., p. 190).

While the Events of Instruction provide a general design approach, the framework is
modified to match the different instructional conditions associated with the different
types of learning. These modifications are made typically in Event 3 (Stimulating recall
of prior learning), Event 4 (Presenting the stimulus material), and Event 5 (Providing
learning guidance). For example, intellectual skills demand the recall of prerequisite
facts, rules, and concepts, while cognitive strategies depend upon the recall of their com-
ponent tasks. Concept learning requires guidance in terms of many examples of the
concept, but learning verbal information may utilize a memory aid such as mnemonics
for guidance (Gagné et al., 1992).

The Events of Instruction provide a basic structure for designers to follow after they
complete the analysis phase of ID and proceed into determining the strategies that will
be employed to facilitate student learning. On the surface, the Events appear to be a
simple, almost intuitive approach to instruction. However, a careful examination of the
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al‘ e 7 3 The Relationship Between Gagnd's External Events of Instruction and the Internal Processes of Learning

Mu)l ofInstrucuon Process of Learning
i, (sainattention - Reception of stimuli in sensory memory
2. Inforin learner of the objective + Expectancies and cognitive strategies
3. sumnulate recall of prior learning » Retrieval from long-term memory to working memory
4. Present the content - Selective perception of distinctive features
5. Provide learning guidance » Encoding forfong-term storage

- Cues for retrieval
6. Elicit performance * Activates response organization
7. Provide feedback - Establishes reinforcement

+ Correct errors
&. ~wsess performance - Retrieval fromlong-term memory

- Response organization

»+ Reinforcementand feedback
Juhance retention, and transfer - Cues forretrieval and retention

- Gereralization for transfer

events shows that they serve as a link between the tenets of cognitive learning theory and
everyday 1D practice.

Component Display Theory and Instructional Transaction Theory

it provided a second approach to applying the conditions-based ideal of using exter-
LLLLL +ditionsto facilitate learning. He developed two major theortes of ID: Component
y Theory (CDT) and Instructicnal Transaction Theory (ITT). In the process
iving these theories, there were intervening descriptions of what he called ID,.
bach of these emerging points of view is fundamentally conditions-based with instruc-
i cirategies varying by the type of learning outcome. (Note the earlier discussion of
Mero!l's performance-content matrix. )

A central feature of Merull’s (1983) Component Display Theory (CDT) is that all
instructional content can be presented using a series of what he called “primary presen-
tation forms”. These presentations forms are based upon the propositions that all types
~flearning can be represented in two dimensions:

+ By presenting either a generality or a particular instance of the topic; and
By using either expository (telling) or inquisitory (asking) techniques.

“lible 7.4 shows how Merrill’s (1983) combines these elements to form a type of tax-
T )my‘ f general instructional strategies.
[ of these presentation forms can also be elaborated. Expository presentations,
.. can be expanded by providing prerequisite knowledge, additional con-
cormation, or mnemonic aids. Inquisitory presentations can be elaborated with
tecdback, or additional examples. These elaborations are called secondary presentation
nrxm
These presentation forms serve as the “displays” that combine the type of presenta-
Sty i!: the targeted level of performance and the targeted content. In addition, Merrill
0iznizes that the various displays can themselves be related. Designers select
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Table 7.4 The Primary Presentation Form Taxonomy

Type of Presentation Technique

— ,

Type of Presentation

Expository Inquisitory
Generality Instructor tells, shows, Students practice and test their
illustrates, or demonstrates understanding of a generality by
a rule or generality. completing a general statement.
Instance Instructor tells, shows, Students practice and test their
illustrates, or demonstrates understanding of an instance by applying
an instance or a specific case. a given generality to a specific case.

Note: Adapted from "Component Display Theory” by M. D. Merrill, 1983. In C. M. Reigeluth (Ed.) /nstructional- Design Theories
and Models: An Overview of Their Current Status, p. 306. Copyright 1983 by Lawrence Eribaum Asseciates, Pubiishers. Used

with permission.

instructional strategies by determining the proper display for the content and then
determining when each display should be presented in isolation or related to another
display.

Merrill (1983) suggests that the CDT approach to structuring learning activities
iinplies a sequence of presenting first a generality, then an example, followed by prac-
tice. For example, if one were teaching the concept of conifer, the first step would be to
provide the general definition of the term. Next, specific examples of conifers would
be given. Finally, students would practice picking out the conifers from large groups of
irees. However, the empirical support for this approach to sequencing varies. Some of
the most robust findings conclude that it is best to present generalities before instances,
and 1t is best to include practice, but the order in which this occurs is not critical (Merrll,
1983).

Merrill subsequently expanded the notion of primary and secondary presentation
forms into the concept of an instructional transaction. A transaction “is characterized
as a mutual, dynamic, real-time give-and-take between the instructional system and
the student in which there is an exchange of information” (Merrill, Li, & Jones, 1990, p.
9). 1t typically consists of multiple displays and multiple interactions with the learners.
There are various types of transactions, but they employ many of the traditional aspects
of an instructional strategy. They include the content (known as the knowledge struc-
ture), presentation techniques, practice opportunities, and learner guidance (Merrill,
1999).

There were two major reasons why Merrill and his colleagues turned to the transac-
tion format. The first related to the “assumption that learning results when mental mod-
els are organized and elaborated in memory” (Merrill et al., 1990, p. 9). Consequently,
mstruction should encompass everything necessary to facilitate the acquisition of a par-
ticular mental model. Because these models are typically complex, there should be many
integrated instructional interactions between learners and teachers or the instructional
materials (Merrill et al,, 1990). Hence, there is a need for a more complex transaction, as
opposed to a simple display which usually demands only a single student response.

There was a second reason for using transactions, however. Transactions, by defi-
nition, emphasize interaction rather than simply delivering information to learners.
One way of promoting complex types of student interactions during the teaching-
learning process is through the use of computer-based instruction, a rapidly growing
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instructional tool. Merrill explored new ways of designing such mstruction, and in doing
so became involved in the development of a computer-based ID system called ID Expert.
This system used transaction shells which were “pieces of computer code that, when
delivered to a student via an appropriate delivery system, cause a transaction or set of
transactions to occur” (Merrill, Li, & Jenes, 1991, p. 8). ID Expert sought not only to
automate the ID process, but also to create learning environments that are adaptive to
students; instruction could be tatlored on the spot to the needs and characteristics of
individual students (Merrill, 1999). Instructional Transaction Theory was developed in
conjunction with this computerized design and development system which produced
instruction that not only facilitated the acquisition of many types of knowledge and
skills, but also attempted to truly individualize instruction.

The Philosophical Orientations of Conditions-Based Theory

The various approaches to ID are influenced not only by the theories that we have been
discussing, but also by the beliefs and values of the designers (Smith & Ragan, 2005).
One could certainly say that those espousing conditions-based theory were scholars
who only advocated a particular position if it had research support. They were empiri-
cists at heart. This position is similar to that of the learning theorists, the early commu-
nications theorists, and others whose theories are primarily rooted in research, rather
than pure reasoning. With respect to conditions-based theory specifically, this implies
an empirically supported explanation of the learning process and of the instruc-
tional activities which facilitate knowledge acquisition and transfer of learning to new
settings. .

Strike (1972), however, points cut one complexity of the empiricist point of view for
those studying human behavior:

v

When the social scientist claims to understand an action, he is grasping its meaning by
seeing it as governed by a particular set of rules. But seeing an act as the following of a
rule is very different from seeing it as ar: instance of scme regularity or law. Rules can
be broken, laws cannot. Rules give meaning to action, laws merely relate the condi-
tion under which they occur. Thus, to understand an action is not at all like giving a
scientific explanation of it. (p. 41; emphasis in the original)

Perhaps this is why today we seldom see educational theories constructed in terms of
laws. Perhaps this is why the ID “rules” of conditions-based theory are often stated with
caveats, such as recognizing the effectiveness of instructional sequences that do not
match those implied in a learning hierarchy.

As one examines the work of Gagné and Merrill especially, it is clear that their theories
evolved over time. This is in keeping with Petrie’s (1972) admonition for “empirical
researchers constantly to be theorizing . . . and to be elaborating their theory with its
presuppositions as they go” (p. 73). However, these presuppositions can provide inter-
esting entanglements for an empiricist, because they may not be totally based upon evi-
dence; instead they may well be influenced by personal (or perhaps disciplinary) values.
Strike (1979) suggests that “facts and values come in integrated conceptual packages”
(p. 14). :

Conditions-based theorists do seem to share some common values. Smith and Ragan
(2005) identify a number of these values of assumptions, including: (1) the notion that
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“learning goals shotild be the driving force behind decisions about activities and assess-
ment” (p. 23), (2) the generic role of principles of instruction, and (3) the iinportance of
mnstructional effectiveness and efficiency. These velues do seem to imply an acceptance
of generalizations and a predispaosition towards objectivist viewpoints. It is not implau-
sible that the views of conditions-based theorists reflect philosophical empiricism. Or
perhaps as Smith and Ragan (2005) again suggest, there is more of a pragmatic flavor to
the theory. In this light they see instructional designers as proposing “that knowledge is
built up by testing [the] ‘truth for now” hypothesis and revising or discarding this ‘truth’
as common experience and interpretation implies it should be modified” (p. 22).

THE REFINEMENT OF CONDITIONS-BASED
INSTRUCTIONAL DESIGN THEORY

Theorists have expanded the notion of conditions-based ID in recent years to include

principles found in the latest theories of learning, motivation, and instruction. These

developments relate to advances in cognitive psychology, social learning theory (see
Chapter4), and constructivism (see Chapter 8). Below we discuss four such developments

in conditions-based theory including:

g sn
. fSlgﬁplantive and generative instruction;
- Complexlearning;
- Problem solving; and
- Motivational design.

Each of these theoretical approaches includes elements of conditions-based ID theory.
They recognize the relationships and complexities of various kinds of outcomes, address
the internal processes of learning, and have impiications for the external conditions of

mnstruction.

Supplantive and Generative Strategies

A key development in conditions-based ID theory can be found in the work of Patricia
Smith and Tillman Ragan, who sought to extend Gagné’s theory by addressing
strategies for providing learning guidance to students. Smith and Ragan (2005) address
the question “Which should be the locus of control of infermation processing — the
instruction or the learners?” (p. 141). They contend that the answer depends on the
learning task, the amount of priocr knowledge held by the learner, and the quantity
and variety of learning strategies the Jearner possesses. They propose a continuum of
supplantive-generative instructional strategies to deal with these issues.

Supplantive instructional strategies provide more support to learners than generative
strategies. Smith and Ragan (2005) argue that supplantive strategies are appropriate
for novices with low prior knowledge and few learning strategies because they limit
responsibility for structuring their own learning. However, they also caution that learners
may engage fewer internal processes of learning when supplantive strategies are used
incorrectly. Examples of supplantive strategies are found in expository instructional
methods.

Generative instructional strategies allow learners to construct their own meaning
from instruction by “generating their own educational goals, organization, elaborations,
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seiquencing and emphasis of content, monitoring of understanding, and transfer to other
contexts” (Smith & Ragan, 2005, p.141). Smith and Ragan (2005) suggest that learners

with extensive prior knowledge and well-developed learning strategies can be given

rol of their own learning. They propose the use of a generative environment where
w15 provide many events of instruction for theraselves. Examples of generative
sirategies are found in learner-centered environments such as problem-based learning.
Based on research findings, Ragan et al. (2008) suggest that instruction should use as
rany generative strategies as possible. However, they caution that supplantive strategies
fw . rovide support to learners may be more appropriate when a linited amount of time

fahle for instruction or when gencrative strategies may lead to frustration,@nxietysor

dnper. They recommend that instructional designers use a problem-solving approach to

fHicnuine “the amount of cognitive support required for the events of instruction based on
ciui vonsideration of context, learner, and learning task” (Ragan et al., 2008, p. 352).

Designing for Complex Learning
nother expansion of conditions-based ID theory can be found in the work of Jeroen
~an Merriénboer and his colleagues, who focus on how to design instruction to achieve
soaaplex learning. According to van Merriénboer and Kirschner (2007):

Complex learning involves the integration of knowledge, skills and attitudes; the coor-
dination of qualitatively different *constituent skills*, and often the transfer of what is
iearned in the school or training setting to daily life and work settings. (p. 4; emphasis
i:: the original)

i iat comprise tasks found on the job or in life. These coordinated goals and objec-
tvis promote the application and transfer of skills that make up complex learning {van
. Mernidaboer, Clark, & de Croock, 2002). They are similar to the integrated goals that
Cragne: and Merril] (1990) proposed to expand their classification systems.

Sequencing decisions are important when designing for complex learning. van
Merriénboer et al. (2002) state “a sequence of learning tasks is the backbone of every
training program aimed at complex learning” (p."43). van Merriénboer et al. (2002)
propose a hierarchy to account for two types of relationships between skills that must be
taken into account when designing for complex learning. The first type of relationship in
c hierarchy is a horizontal relationship between coordinated skills that can be sequential
(e.g., first you do this; next you do that). The second type of relationship in a hierarchy
i vertical, where skills at the lower part of the hierarchy enable (or are prerequisite to)
~wills at the higher levels of the hierarchy. van Merriénboer acknowledges that Gagné’s
ok on learning hierarchies influenced his own thinking about sequencing for complex
leavning tasks. .

Clorplex learning includes both recurrent and nonrecurrent skills. Designers identify
il vent performance objectives for both types of skills (van Merriénboer et al., 2002).
Keeurrent (ie., routine) skills are those that can be applied in similar complex situations.
"They consist of rules that generalize from one situation to another. Nonrecurrent (i.e.,
novel) skills vary from situation to situation.

According to van Merrignboer et al. (2002) “for the nonrecurrent aspect of a com-
sl skill and the complex skill as a whole, the main learning processes that must be

s Sy

plex learning centers on integrated learning goals and multiple performance objec-
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promoted are related to schema construction” (p. 42). Schemata facilitate the use of skills
from one situation to another because they contain generalized and concrete knowledge.
(See Chapter 4 for a discussion of schemata.) To help them construct and reconstruct
schema, learners are provided with concrete experiences and encouraged to “abstract
information away from the details” (van Merriénboer & Kirschner, 2007, p. 20).

Other internal processes of learning are addressed by van Merriénboer and his col-
leagues. They hypothesize that when a new schema is constructed, mental models facili-
tate reasoning because they reflect how content is organized. In addition, cognitive
strategies also affect problem solving because they impact how a problem is approached.
For example, the processes of discrimination and generalization impact the reconstruc-
tion of existing schema to align them with new experiences (van Merriénboer et al.,
2002). '

van Merriénboer and his colleagues developed the Four-Component Instructional
Design (4C/ID) model that centers on the integration and coordination of skills that
make up complex learning (van Merriénboer et al., 2002; van Merriénboer & Kirschner,
2007). The four-component model includes ten steps that designers follow to address
complex learning. (See Table 7.5.)

Learning tasks for complex learning can be performed in either real or simulated envi-
ronments; they provide learners with whole-task practice of all the constituent skills that
make up a complex skill (van Merriénboer et al,, 2002; van Merriénboer & Kirschner,
2007). These authentic whole-task experiences facilitate rule generalization for recurrent
tasks and support schema construction for nonrecurrent tasks.

Supportive information “provides the bridge between learners’ prior knowledge and
the learning tasks” (van Merriénboer et al., 2002, p. 43). It is used to support the con-
struction of schemata through the elaboration of relationships between new information
and prior knowledge. Supportive information for each successive task is an elaboration
of previous information that assists learners to do things that they could not previously
do. Expository or inquiry strategies can be used for this type of information. These ideas
extend Merrill’s (1983) CDT discussed above. Supportive information also includes

Table 7.5 Components of the 4C/1D Model with Corresponding Steps

Components of 4C/ID Ten Steps to Complex Learning

. Design Learning Tasks
. Sequence Task Classes

Learning Tasks
. Set Performance Objectives

. Design Supportive Information
. Analyze Cognitive Strategies
. Analyze Mental Models

Supportive Information

. Design Procedural Information
. Analyze Cognitive Rules
. Analyze Prerequisites Knowledge

Procedural Information

o N (AN A I W DN

Part-Task Practice 10. Design Part-Task Practice

Note: From Ten Steps to Complex Learning: A Systernatic Approach to Four-Component Instructional
Designby J. ]. G. van Merriénboer & P. A. Kirschner, 2007, p. 10. Copyright 2007 by Lawtence
Erlbaum Associates, Publishers. Used with permission.
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cognitive feedback to encourage learners to reflect on the quality of their approach to
problem solving and their solutions. [t is also provided to enhance learners’ cognitive
learning strategies (van Merriénboer & Kirschner, 2007). o

Procedural information provides learners with the steps they require to perform a
recurring skill. Also referred to as “just-in-time information” (van Merriénboer et al,
2002), it is given when learners require it to work on recurring tasks. It includes dem-
onstrations of how rules and procedures are applied, as well as corrective feedback on
errors {van Merriénboer & Kirschner, 2007). Procedural information is organized in
small units, called information displays. Based on Merrill's Component Display and
Instructional Transaction Theories (1983, 1999), van Merriénboer et al. (2002) suggest
that information displays should consist mostly of generalities and examples:

For iustance, rules are general in that they can be applied in a variety of situations, and

prerequisite concepts are general in that they refer to a category of objects or events.

It is often desirable to present examples that illustrate or exemplify those generalities.
. For rules, such examples are called demonstrations; for concepts, plans, and prin-
" ciples, they are called instances. (p. 52)

The final component in the 4C/ID model is part-task praciice. Part-task practice sup-
ports the strengthening of rules and procedures which often require extensive amounts
of practice (van Merriénboer et al,, 2002). While a whole-task approach is used to facili-
tate schema construction, a part-task strategy breaks a complex task into component
parts, each of which are taught separately. Then the various parts are combined into the
whole task. van Merriénboer and Kirschner (2007) think this approach will facilitate rule

learning more quickly.

A Design Theory for Problem Solving

- A further refinement in conditions-based ID theory can be found in David Jonassen’s
work on problem solving. His contributions can be viewed as conditions-based theory
because they speak to:

= A typology of problems with each category requiring different instructional
support;

= Identification of the relationships among problem types in terms of their structure,

. complexity, and specificity; and

= Internal processes and individual differences that impact problem-solving
learning.

Jonassen (1997) states that problems vary in terms of their structure, complexity, and
abstractness. He also distinguishes between well-structured and ill-structured problems.
Well-structured problems have known solutions that require the application of a fixed
number of concepts, rules, and principles. Ill-structured problems have multiple solu-
tions, unknown elements, and inconsistent relationships among concepts, rules, and
principles. Types of well-structured problems include logic and story problems, while
instances of ill-structured situations include design problems (e.g., constructing an
expansion bridge) and dilemmas (e.g., how to withdraw from a country at the end of a

war). .
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Problem types also differ in terms of their complexity, defined in terms of the num-
ber of variables or issues involved in solving the problenm1 (Jonassen, 1997). Simple
problems involve fewer cognitive operations than complex ones. Simple problems are
also more static than complex ones. Jonassen (2000) states “the most complex problems
are dynamic, that is, those in which the task environment and its factors change over
time” (p. 68). He also thinks problems are domain specific, situated, and embedded in
a specific context. Figure 7.3 shows a sample of types of problems and how they difter
based on Jonassen’s classification scheme,

In discussing structural relationships and problem solving, Jonassen (2000) distin-
guishes between his theory and other approaches to sequencing. He believes that the
hierarchical structure of intellectual skills advocated by Gagné and Merrill does not ade-
quately address the complex relationships found in problems solving. Jonassen (2000)

writes:

Problem solving, as an activity, is more complex than the suin of its component
parts. Without question, problem solving necessarily engages a variety of cognitive
components, such as propositional information, concepts, rules, and principles . . .
However, it also involves structural knowledge . . . metacognitive skills. . . . motiva-
tion/attitudinal components . . . [and] knowledge about self. (p. 64)

Like other conditions-based theorists discussed in this chapter, Jonassen indicates that
elements internal to the learner affect how to solve different kinds of problems. Jonassen
(2000) hypothesizes that “problem solving skill is dependent on a schema for solving
particular types of problems™ (p. 65). He suggests that learners construct mental mod-
els consisting of structural, proceduvral, strategic, and reflective knowledge (Jonassen &

Static Simple

Well-structured Algorithms /

T tory problems
Rufe using/induction groblems

v
1-structured

Complex Dynamic

Figure 7.3 Typology of Problems.

Note: From Learning to Solve Problems: A Handbook for Designing Problem-Solving Learning Environments, by D. Jonassen,
2011, p. 12. Copyright 2011 Taylor & Francis. Used with permission.
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Henning, 1999). Jonassen (2000) indicates that individual differences within learners
mediate problem selving. These factors include:

+ General problem-solving skill;

- Familiarity with the problem type;

+  Domain knowledge;

> Structural knowledge (i.e., knowledge of how concepts in a domain are interre-
lated);

» Cognitive and meta-cognitive processes; and

.« Affective, motivational, and volitional factors.

Based on his typology of problems, the internal conditions impacting problem sclving,
and knowledge of how humans solve problems, Jonassen (1997} proposes an 1D model
for well- and ill-structured problem solving. This model provides the steps and activities
{i.e., external conditions) designers should follow when developing instruction for the
two major kinds of problems: well-structured and ill-structured problems. (See Teble
7.6.) He also suggests a number of instructional strategies to engage learners in problem
solving, including authentic cases, simulations, modeling, coaching, and problem-based
learning. '

Jonassen (2010} thinks that it is not enough to merely teach learners about problem
solving if they are expected to actually solve problems. If the outcome is for students to
learn how to solve problems, Jonassen believes that learners must be engaged in prob-
lemns centered on job tasks or other real-life activities.

Table 7.6 Jonassen's (1997) Model for Designing Problem-Solving Instruction

v Well-Structured Problems 1J-Structured Problems
1. Review prerequisite component 1. Articulate the problem context.
concepts, rules, and principles.
2. Present conceptual or causal 2. Introduce problem constraints.

model of problem domain.
3. Model problem solving performance 3. Locate, select, and develop cases

using worked examples. for learners.
4. Present practice problems. 4. Support knowledge base construction.
5. Support the search for solutions. 5. Support argument construction.

6. Reflect on problem state and solution. 6. Assess problem solution.

Motivational Design of Instruction
Anciher development in conditions-based ID theory is found in the writing of John
Kelier on motivational design. As shown in Figure 7.4, his model of motivation, perfor-
mance, and instructional influence (Keller, 1983) includes:

* QOutcomes of instruction consisting of effort, performance, consequences, and

satisfaction;
+  Characteristics internal to learners such'as expectancies, values, prerequisite

knowledge, and skills; and
+  Environmental inputs including motivational design, learning design, and contin-

#eNCy Management.
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Note: Adapted from “Motivational Design of Instruction” by John M. Keller, 1983. In C. M. Reigeluth (Ed.) /nstructional-
Design Theories and Models: An Overview of Their Current Status, p. 392. Copyright 1983 by Lawrence Erlbaum Associates,
Publishers. Used with permission.

According to Keller (1983), “the primary concern with this theory . . . is to illustrate
a systematic basis for a mectivational-design model” (p. 384). Like other ID theorists,
Keller (1979) explains how learning design, along with an individual’s abilities, skills,
and prior knowledge, impact learning and performance. Yet the bulk of his ideas center
on designing instruction to address leatner motivation. As defined by Keller (1983),
motivation equals the choice a person makes to approach or avoid a task plus the effort
applied to completing it. He theorizes that effort is influenced by a learner’s curios-
1ty, interest, motives, values, and expectations. Designers can impact effort by following -
principles of motivational design. Effort impacts performance, which in turn leads to
positive or negative consequences. Consequences are evaluated by the learner, who may
or may not feel satisfied by them (Keller, 2010).

The motivational design model (Keller, 1987a, 2010} includes the same components
found in most general systems models of ID. {See Chapter 2.) It is an overlay model
that can be used in conjunction with other ID models. The motivational design model
includes the steps for designing instruction that have a positive impact on learner effort
and satisfaction. Following this model, a designer analyzes learners and the instructional
environment to identify any motivational problems that may exist. The process begins
with obtaining information about the course, including its setting and delivery system.
Learner analysis is completed to construct a motivational prefile focusing on student
attitudes, motives, and expectations. Current course materials are also analyzed, with
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special attention given to the strategies used to motivate learners. Next, motivational
objectives, measures, and strategies are designed and implemented. These are integrated
into instructional materia’s and are then evaluated, tested, and refined.

Motivational problems and strategies relate to the four main components in Keller’s
(1987b, 2010) attention, relevance, confidence, and satisfaction (ARCS) model of

motivation:

- Attention—learner interest and curiosity must be aroused and maintained;

Relevance —learners must perceive their personal needs are met in an instructional
situation; ,

» Confidence—learners must have appropriate expectations about themselves,
others, and the subject matter; and

+ Satisfaction—Ilearners must receive the appropriate intrinsic and extrinsic rewards

from instruction.

According to Dick, Carey, and Carey (2009), Keller’s work addresses the criticism
that designers who follow the systems approach often produce instructional materials
that lack appeal to learners. Therefore, we think Keller’s ideas extend the notion of
conditions-based ID and provide an important foundation to the field.

- RESEARCH ON CONDITIONS-BASED INSTRUCTIONAL
DESIGN THEORY

Many of the constructs embedded in the conditions-based 1D theories discussed in this
chapter have been empirically investigated. While a few studies have examined the total
application of a particular theory to the design of instruction, most studies have been
. conducted to examine one or more components. Below we provide a summary of rep-

resentative research that informs ID practitioners of the important findings 1elated to
conditions-based theory. Then we suggest new avenues of research that could provide

further support for this type of ID theery.

Empirical Support of Conditions-Based Applications in Instructional Design

Most of the research on conditions-based ID theory has been conducted by provid-
ing learners with a small number of instructional events or components. Very few
studies have becn conducted where the effects of a combination of elements have
been tested. Sasayama (1984) compared the effects of providing rules, examples, and
practice on learning concepts, principles, and procedures based on Merrill's CDT.
The lesson that included rules, examples, and practice was more effective than that
which provided rules only, examples only, or rules and examples only. Coats (1985)
tested the impact of providing all of Gagné’s nine events to an experimental group
and only some events to two different control groups. No significant differences
were found among the three treatment groups on achievement. Martin, Klein, and
Sullivan (2007) compared the effects of several of Gagné’s events including objec-
tives, practice, examples, and review in a computer-based lesson. They found that of
the instructional elements tested in the study, practice had the most impact on both
learner achievement and attitudes.
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According to Martin and Klein (2008) “some of these events produce a much difter-
ent effect when they are studied individually than when they are combined into a more
complete set that incorporates most or all of the events” (p. 172). Research on computer-
based instruction consistently shows that practice with feedback has the most impact on
learning, especially when compared to providing objectives and review opportunities to
learners (Hannafin, 1987; Hannafin, Phillips, Rieber, & Garhart, 1987; Martin & Klein,
2008; Martin et al., 2007; Phillips, Hannafin, & Tripp, 1988).

In addition to the studies cited above, Ragan and Smith (2004) reviewed and sumima-
rized a number of other empirical studies of conditions-based ID theory. Results of their

comprehensive review indicate:

Strong empirical support for the validity of learning hierarchies and the extent
to which they accurately describe relationships among subskills and prerequisite
skills;

Strong support for the notion that different events of instruction lead to different
kinds 6f learning, especially for declarative and procedural outcomes;

Some support for the effectiveness of instruction desigiied following principles of
Component Display Theory and Elaboration Theory; and

Weak support for the hypothesized relationship between internal process of learn-
ing and the acquisition of different learning outcomes.

Turning to research on supplantive and generative-learning, Grabowski (2004) wrote
an extensive review of empirical studies that have been conducted on these strategies.

Her findings show:

Some studies indicate that learner-generated organizational schemes are more
effective than instructor-provided strategies.
Cognitive ability impacts the effectiveness of learner-generated organizational

strategies.
Student-generated examples and questions improve retention and transfer, but

not always more than instructor-provided elaborations,
The difficulty of a task must be considered when a combination of generative

strategies is used.
Learners may become frustrated if they are not developmentally ready for a

generative activity.

Research has also been conducted to validate the 4C/ID model. van Merriénboer and
- Kester (2008) summarized the findings from studies conducted by van Merriénboer and
colleagues. These studies suggest:

Teachers trained to use the 4C/ID model developed qualitatively better designs (as
measured by experts) than teachers not trained to use the model.

Low achievers benefited more from competency-based instruction developed
using the 4C/ID model when they worked in teams rather than alone.

Whole-task practice is more eftective than part-task practice for learning complex
tasks.

Novice and advanced learners achieved better whole-task performance and better
transfer performance when they received whole-task training,
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[n propesing his design theory for problem solving, Jonassen (2000) stated:

It is important to note that the typology presented in this paper is not promulgated
as a definitive theory, but rather as a work in progress. Experimentation, assessment,
and dialogue about these problein types and the forthcoming models are needed
to validate anything approaching a definitive theory for problem solving instruction.

(p. 82)

Since the publication of that seminal article, Jonassen and colleagues have conducted
several empirical studies to validate some of the constructs in his theory. Much of this
research was done in the context of science and engineering. Findings from these studies
suggest that the component skills required for solving well-structured problems and ill-
structured problems may differ:

Domain knowledge and justification skills are related to solving both types of
problems (Shin, Jonassen, & McGee, 2003). )
Self-regulation and attitudes toward science are related to solving ill-structured
problems (Shin et al,, 2003).

Metacognition and argumentation are related to solving ill-structured problems in
simulations (Hong, Jonassen, & McGee 2003).

Communication patterns in teams differ when groups solve well-structured
and ill-structured problems (Cho & Jonassen, 2002; Jonassen & Kwon, 2001).

N

Findings also indicate how experts approach problem solving, including:

Expert problem solvers index their knowledge by using their past experiences
(Hung & Jonassen, 2006).

Experts use their domain knowledge to impose structure, filter alternatives, test
hypothesis, identify constraints, and propose solutions when solving problems
(Wijekurnar & Jonassen, 2007 ).

Furthermore, after reviewing contemporary research on story problems in instruction,
Jonassen (2003) reported that:

.

Story problems vary in terms of their context, structural relationships, and pro-
cessing operations. v

Story problems require learners to construct a conceptual model that includes struc-
tura] relationships that define the class of problem, situational characteristics of the
problem situation, and a reconciliation of the structural and situational characteris-
tics required to solve the problem.

Keller’s motivation model is based on his own extensive review of behavioral, cogni-
tive, and motivational theory and research. These include studies of curiosity, needs,
motives, values, expectancies, and rewards (see Keller, 1979, 1983, 2010). Furthermore,
some research has been conducted to examine the use of his models. Our review of this

work suggests:
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- There is some empirical evidence for Keller’s (1987a) claim that his model of
motivational design can be used along with other ID models (Main, 1993; Okey &
Santiago, 1991; Shellnut, Knowlion, & Savage, 1999).

» There is evidence of alternative ways to design effective motivational messages
using ARCS principles (e.g., Oh’s (2006) study of the design and use of reusable
motivational objects and Tilaro and Rossett’s (1993) examination of motivational
job aids).

There is support that application of the ARCS model can lead to increased student
motivation (Visser & Keller, 1990; Means, Jonassen, & Dwyer, 1997; Song & Keller,
2001; Visser, Plomp, Amirault, & Kuiper, 2002; Kim & Keller, 2008).

- There is also a little evidence that students can be taught to utilize ARCS strategies

to increase their own motivation (Xlein & Freitag, 1992).

Recommendations for Continuing Research

As we have noted, most of the research on conditions-based ID is aimed at examining
certain components of each theory rather than locking at the entire theory. This suggests
that additional research should be conducted to validate these theories when practitio-
ners apply them to ID projects. A particularly useful approach for these kinds of studies
is design and development research (Richey & Klein, 2007). This type of research would
allow us to answer questions about the benefits and constraints of using each conditions-
based theory.

The findings cited above also suggest another fruitful area for additional research. A
basic tenet of conditions-based theory is that internai process impacts learning outcomes.
However, there is little empirical support for the hypothesized relationship between the
attainment of learning outcomes described in conditions-based theory and various cog-
nitive processes of learning (Ragan & Smith, 2004). Future studies on this issue should
be conducted using qualitative research methods such as think-aloud protocols to exam-
ine how learners are processing information.

Finally, future research on conditions-based theory should center on the application
of knowledge and transfer of skills. This suggestion is particularly pertinent for thecries
related to complex learning, problem solving, and motivational design. The increased
focus of the ID field on performance improvement (see Chapter 9) requires us to exam-
ine the impact of these theories on individual, group, and organizational outcomes.

SUMMARY

This chapter has examined conditions-based theory and its contribution to the ID
knowledge base. We began by discussing the foundations of conditions-based theory
by identifying and exploring illustrations of its three key elements. Next, we examined
developments in conditions-based approaches by discussing generative instructional
strategies, complex learning, and problem solving. We also'reviewed a range of empiri-
cal research conducted to support conditions-based approaches to ID and provide some
recommendations for future study in this area.

Table 7.7 provides a summary of the key principles, theoretical foundations, philo-
sophical orientations, early contributors, and applications of conditions-based ID the-
ory. Furthermore, Table 7.8 offers a synopsis of how the elements of conditions-based
theory relates to the domains of ID.
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Jable 7.7 An Overview of Conditions-Based Theory and Instructional Design

1. Key Principles:
- There’are different types of learning outcomes, and each type of learning calls for different types of

instruction.
- Instructional sequencing relies upen relationships among the various iearning outcomes.
« Instructional strategies should facilitate the internal processes of learning.
2. Philosophical Emphases: The following generalizations can be made:
» Conditions-based theory is based upon an empiricist philosophy with many pragmatic applications.
+ There are common beliefs and values supporting the theory that may not be empirically derived.
» There is an emphasis on goal-directed instruction, efficiency, effcctiveness, and process
generalization.
3. Basic Research Support: Gagné’s research on cumulative learning; research on prerequisite content
relationships

4, Early Contributors: Benjamin Bloom, Robert Gagné, and M. David Merrill
5. ID Applications:
> Domains of Learning * Learning Hierarchies
» Events of Instruction - Performance-Content Matrix
- Generative and Supplantive Strategies -+ Complex Learning
* Problemn Solving - Motivational Design

6. Supporting ID Research: Studies of:
» Learning hierarchies (Gagné and colleagues)
- Instructional events (FHannafin and colleagues; Klein and colleagues)
+ Generative strategies (Wittrock)
+ Designing for complex learning {(van Merriénboer and colleagues)
- Expertise and problern solving in science and engineering; story problems (Jonassen and colleagues)
- Motivational design (Keller and colleagues) .

7. Related Cencepts:

» Curnulative Learning Theory + Component Display Theory
« Instructional Transaction Theory - Elaboration Theory

- Enterprise Scenario + Generative Learning

* Problem-Based Learning - 4C1D

» ARCS Motivation

Table 7.8 Instructional Design Domains and Elements Related to Conditions-Based Theory

Learner and Learning Processes
» Alllearning is not the same
+ Internal conditions oflearning .
* Learner Characteristics (affective characteristics such as motivation, background, learning strategies,

mental models, prerequisite knowledge, schema)

Learning and Performance Contexts
» Authentic and simulated settings for complex learning and problem solving

Content Structure and Sequence
* Learning Task Classifications (e.g., cognitive/affective/psychomotor)
* Instructional Sequences (e.g., simple to complex)
* Vertical and horizontal relationships among recurring and non-recurring component skills for
complex learning
* Problem solving includes structural knowledge, metacognitive skills, and motivation components
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Table 7.8 Continved

Instructional and Noninstructional Strategies
» External instruction conditions should match the internal lewizing conditions
- Events of instruction (e.g., provide learning guidance)
- Adapit strategies to type of learning task
* Primary presentation forms (generality or instance and expository or inquisitory)
- Secondary presentation forms (e.g., mnemonic aids)
» Generative strategies allow learners to construct their own meaning
- Supplantive strategies provide direct instructional support
- Part- versus whole-task practice
* Strategies for motivation
Media and Delivery Systems
- Use computer-based instruction to facilitate complex interactions between the learner and the
instruction
+ Use simulations for problem-solving outcomes
Designers and Design Processes
+ Analysis (theoretical analysis of concepts, determine prerequisite relationships)
- Design (events of instruction, primary and secondary presentation forms, supportive and procedural
information, integrative goals, part- and whole-task sequencing, motivational design)
» Design Tools (learning hierarchies, ID Expert)

Chapter 8 examines constructivist design theory as a foundation to the ID knowledge
base. Constructivism expands the scope of ID by suggesting new ways of knowledge
development that in many ways fundamentally alters designers’ interpretations of how
to facilitate the learning process.



3

CONSTRUCTIVIST DESIGN THEORY

Many scholars and practitioners of instructional deign (ID) new view themselves as
constructivists. Their work is influenced by this philosophical orientation which holds
rhat knowiedge is individually constructed and often unique to cach person.
““civespondingly, they believe that the most effective learning occurs when people
actively derive meaning from their experiences and the context in which they take
il There are, however, many interpretations and forms of constructivism. Two of the
i ommon are individual constructivism (also known as cognitive constructivism),
swhidch emphasizes individual meaning-making, and social constructivism, which high-
1izhts the role of social interactions in knowledge development. These two orientations of
constructivism have had the most impact on ID.

Smith and Ragan (2005) identify the key assumpt;ons that characterize both of these
orientations. They suggest that individual constructivists believe:

¢ Knowledge is constructed from experience.
» Learning results from a personal interpretation of knowledge.
» Learning is an active process in which meaning is developed on the basis of

experience. (p. 19)

"4 position emphasizes the psychological processes of an individual, and views learning
2o matter of cognitive reorganization (Duffy & Cunningham, 1996). In this appreach,
[ rinwledge can be unique to a given person.

“ocial constructivists, on the otherhand, expand thisnotion oflearningand meaning-
oling. They assume that “learning is collaborative with meaning negotiated from
inultiple perspectives” (Smith & Ragan, 2005, p. 20). This stance emphasizes the role
of sucial and cultural processes; therefore, learning is often a matter of acculturation
(Dutly & Cunningham, 1996). In this orientation, knowledge is shared by a commu-
nity of learners. There are members of both the individual and the social viewpoints of
construciivism that also emphasize the importance of incorporating real-life contexts

it o fhie environment.



130 . Constructivist Design Theory

In keeping with thesc constructivist ideas, new approaches to ID and pedagogy have
evolved. These beliefs have impacted the ways designers complete their most fundamen-
tal tasks (e.g., apalysis, strategy selection, and assessment), as well as how they solve teach-
ing and learning problems in general. In this chapter we will explore:

- The principles of constructivist design;

+  Related philosophical issues;

+  How constructivisim is manifested in 1D practice;

+  Trendsin constructivist ID; and

+  Representative research on constructivist design theory.

THE NATURE OF CONSTRUCTIVIST DESIGN THEORY

A new design theory has evolved as aresult of the grewing interest in constructivism and
its view of the learning process. This theory is rooted in three basic principles:

+ Learningresults from a personal interpretation of experience.
* Learningis an active process cccurring in realistic and relevant situations.
-+ Learning results from an exploration of multiple perspectives.

These principles build on those of Smith and Ragan (2005) and encompass both indi-
vidual and social constructivist orientations. The blending of these two positions not only
reflects common design practice, but is also supported theoretically by Cobb (1994) and
Fox (2001). For example, Cobb argues that “it is inappropriate to single out qualitative
differences in individual thinking apart from their socio-cultural situation because dit-
ferences in students’ interpretations of school tasks reflect qualitative differences in the
communities in which they participate” (p. 15). Taking 2 somewhat different stance, Fox
(2001) argues thatindividuals can have both personal learning and still “share in common
knowledge” (p. 30). Webelieve that these positions hold true for most types of education
and training, and propose a set of integrated principles. In this section we will examine
each of these constructivist design principles.

Personal Interpretation of Experience
Many scholars lock to Piaget as a foundation for constructivism. As late as 1980, Piaget
stated;

Fifty years of experience have taught us that knowledge does not result from a mere
recording of observations without a structuringactivity on the part of the subject. Nor
do any a priori or innate cognitive structures exist in man; the functioning of intelli-
gence aloneis hereditary and creates structures only through an organization of succes-
sive actions performed on objects. (Piaget as cited in Phillips, 1995, p. 6)

von Glasersfeld extended Piaget’s ideas when he posited that “what we call knowledge
does not and cannot have the purpose of producing representations of an independent
reality, but instead has an adaptive function” (von Glasersfeld as cited in Fox, 2001,

p- 27).



Constructivist Design Theory - 131

These conclusions provide a basis for our first constructivist design principle:
Learningresults from a personal interpretation of experience.

While many interpretations of constructivism exist, most scholars subscribe to the view
that knowledge is constructed by individuals as they attempt to make sense of their own
experiences (Driscoll, 2005). We will explore this principlein terms howlearners develop
self-knowledge and how instructors facilitate learning.

Developing Self-Knowledge

Duffyand Cunningham (1996) present the conceptofaself-world, “the worldsthatorgan-
ismsindividuaily and collectively create and that serve to mediate their experience in the
world” {p. 178). In the blend of individual and social constructivism, these self-worlds
combine one’s personal history of learning, as well as common knowledge (Fox, 2001).
This 1s the essence of self-knowledge. These internal representations and personal inter-
pretations of knowledge are constantly open to change (Bednar, Cunningham, Duffy, &
_Perry, 1992). Thus, learning evolves.

The self-world serves as the prior knowledge used to construct new knowledge. Prior
knowledge, however, 1s more than simple information; it includes values, experiences,
and beliefs as well (Smith & Ragan, 2005). It also encompasses the learner’s self-reflective
skills, a particularly critical component since it is through reflection that one is best able
to build new knowledge.

A person’s self-knowledge also includes an awareness of how knowledge construction
works. Duffy and Cunningham (1926) call this understanding “knnowing how to know”
{(p. 181). This self-knowledge often needs to be encouraged and nurtured in the learning
environment, and Driscoll (2005) calls this nurturing process one of the basic condi-
ticns of a constructivist learning environment. Understandings of one’s own knowledge
construction can lead to learners not only feeling a sense of knowledge ownership, but
also have “control over and responsibility for their beliefs” (Duffy & Cunningham, 1996,
p-182). Constructivist design involves creating environiments and activities that are con-
trolled by learners, and controlling one’s own knowledge and beliefs is the ultimate mis-

sion of a mature learner.
Facuitating Learning

Fundamentally, constructivist designers view instruction as “a process of support-
ing [knowledge] construction rather than communicating knowledge” (Duffy &
Cunningham, 1996, p. 171). Thus, learners should not be passive and simply receive,
memorize, and recall information; instead they should be active by thinking, analyzing,
mnderstanding, and applying informaticn (Gordon, 2009).

Instructess and instructional designers use a variety of techniques, often implemented
with technology, to build these active learning environments. Shirvani (2009) suggests
creating an atmosphere that:

- Allows students to freely question and express their own opinions, create their own
meaning, share control of the classroom, and develop positive attitudes toward
learning;

+ Includes instructors who maximize student interactions, guide students in
connecting new and previous experiences, provide frequent assessment and
feedback, respect learner ideas, and encourage student autonomy; and
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»+ Involves activities that are relevant, challenging, focus on large concepts, and
encourage high-level thinking.

Certainly, other approaches to the design of learning environments employ many of these
same strategies, but the concentration of their use in a single learning environment is now

commonly seen as constructivisn.

Active, Realistic, and Relevant Learning

In the early part of the twentieth century, “John Dewey began arguing for the kind of
change that would move schools away from authoritarian classrooms with abstract
notions to environments in which learning is achieved through experimentation, prac-
tice and exposure to the real world” (Karagiorgi & Symeou, 2005, p. 24). Constructivism
builds upon this thinking by the second principle which suggests that:

Learning is an active process occurring in realistic and relevant situations.

This statement reflects the emphasis constructivists place on creating active, authentic,
and contextualized learning environments.

Active Learning

The classic constructivist learning environment eschews instructor-led delivery of infor-
mation in favor of those environments in which learners actively participate in the task
~athand. Many theories of learning and ID, kowever, advocate the notion of active learn-
ing. Behavioral psychclogists demand overt perfcrmance throughout the learning pro-
cess. Discovery learning was a prominent cognitive strategy emphasized especially in
the 1960s and 1970s (Bruner, 1966). This approach can be seen as a learning-by-doing
strategy. These strategies are promoted as a way to facilitate skill development and infor-
mation acquisition in practical contexts (Schank, Berman, & Macpherson, 1999).

The constructivist perspective of active learning, however, differs from other positions
primarily because they tend to involve instructor-determined content. As Duffy and
Cunningham (1996) describe in relationto discoverylearning, “thelearnerhas to discover
the answer that the teacheralready knows™ (p. 182). Active learning for the constructivist
involves more than processing information provided by the materials or the instructor; it
involves inore than physically participating in predetermined learning activities.

Active learning from the constructivist point of view involves interacting with
information at a high level, elaborating upon this information, and interpreting it in light
of one’s previous knowledge and experiences (Perkins, 1992). Wu and Tsai (2005) found
that over time the use of multiple constructivist teaching strategies can facilitate not
only knowledge acquisition, but these techniques lead to further development of learner
cognitive structures and to the advanced use of higher order information processing

strategies.

Authentic and Contextualized Learning Activities

Constructivists also subscribe to the practice of situating instruction in real-life contexts,
arguing that this not only makes the instruction more interesting and motivating, but
also more likely to be transferred or applied in other settings. This approach is also based
upon the belief that “knowledge and the conditions of its use are inextricably linked”
(Hannafin, Hannafin, Land, & Oliver, 1997, p. 109). Smith and Ragan (2005) note that
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this type of instruction is often called "anchored instruction”, and the resulting learning
is called “authentic or situated learning”. To be considered authentic, according to Young

(1993), a situation;

. .. must at least have some of the important attributes of real-life problem solving,
including ill-structured complex goals, an opportunity for the detection of relevant
versus irrelevant information, active/generative engagement in finding and defining
problems as well as in solving theny, involvement in the student’s behefs and values,
and an opportunity to engage in collaborative interpersonal activities. (p. 45)

Brown, Collins, and Duguid (1989) define authentic activities as those which are
“coherent, meaningful, and purposeful . . . the ordinary practices of the culture” (p. 34).
They go on to posit that these actions “embed learning in activity and make deliberate
i« of the soclal and physical context” (p. 34). The context of authentic activity is that
oi practitioners rather than the classroom or the training site. Authentic learning activi-
ties then are built using everyday language, everyday problems, and everyday situations.
‘These authentic activities are often complex; they have not been simplified or targeted
information has not been isolated as is common in traditional instruction. Even though
authentic activities have reail-world foundations, the activity may be simulated, and often

they are computer-mediated.

.- Exploration of Multiple Perspectives
"he third principle of constructivist design theory is:
Learning resulis from an exploration of multiple perspectives.

15 reflects the social facet of constructivism which is firmly rooted in the thinking of
V'vuotsky. His position is presented in a commonly quoted statement: “every function in
the child’s cultural development appears twice: first, on the social level, and later on the
ndividual level” (Vygetsky, 1978, p. 57). The emphasis on multiple perspectives encom-
sasses two major elements of constructivist design: rich learning environments and collab-
orative learning environments. Both of these elements arc intrinsically social in nature,

Rich Learning Environments

Karagiori and Symeou (2005) define a rich learning environment as one which “encour-
ages multiple learning styles and multiple representations of knowledge from different
~onceptual and case perspectives” (p. 20). By definition, rich learning environments pro-
vide multiple perspectives and are information rich. However, many of these environ-
inents are also those in which “learners engage in dornain-related practices to carry out
se-2ally negotiated tasks” (Hay & Barab, 2001, p. 282). These situations are likely to be
project-dominated, contextualized, and authentic.

Not surprisingly, many of the rich learning environments are networked, allowing full
access to whathasbeen called “knowledge webs” (Albion & Maddux, 2007). Consequently,
they are likely to have multiple interpretations of the instructional content, and multiple

sources of input.

Collaborative Learning Environments

One of the hallmarks of constructivist learning environments is that they “allow learners
to shiave and collaboratively reflect” (Hay & Barab, 2001, p. 283). Collaborative learning,
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however, is not simply “sharing a workload or coming to a consensus, but allows learn-
ers to develop, compare, and understand multiple perspectives on an issue” (Karagiori
& Symeou, 2005, p. 21). Thus, collaboration involves sharing, discussion, perhaps argu-
ment, reflection, and often negotiation. These learning environments can involve large or
small groups, or an organized community of practice.

Collaborative environments are often electronic environments utilizing a variety of
collaborative learning tools (e.g., online discussion boards). While the use of such tools
does not automatically designate a learning environment as constructivist, they can be
used to achieve constructivist goals. This is increasingly the case with online learning.
Learning in such environments can be an individual event, but in some situations (espe-
cially those which are project-oriented), learning is distributed across a group. No one
person may acquireall of the important knowledge, but across the group enough has been
learned to accomplish a particular task. In the framework of this distributed cognition,
the notion of learning is expanded and “cognition is propagated from mind to mind,
from mind to tool, and tool to mind [and] ... is shared between the constituents of the
group” (Schwartz, 2008, p. 390). This is a unique form of collaboration.

CONSTRUCTIVISM AND RELATED PHILOSOPHICAL ISSUES

We view constructivism fundamentally as a philosophy, a set of beliefs that leads
to a particular view of learning and a corresponding approach to instructional design
(ID). However, constructivist thinking is also related to other philosophical orienta-
tions and debates. We have previously discussed rationalism as a view of truth based
upon deduction rather than observation. This is in keeping with the evolution of con-
structivist philosophy which has been developed to a great extent through reason-
ing. Smith and Ragan (2005) go so far as to snggest that constructivism is a subset of
rationalism. )

Constructivism also shares some humanistic orientations. While humanism is
mainly concerned with the welfare of individuals, constructivism is concerned with
individual knowledge. Thus, the humanist element in coastructivist philosophy is in
its implied subjectivity, and the notion that truth can vary from person to person, or
fromn culture to culture. This element of subjectivity, however, brings forth charges in
some quarters of “epistemological relativism, where there exists no absolute truth and
any truth is as good as other” (Liu & Matthews, 2005, p. 388). In keeping with this view-
point, Phillips (1995) suggests that some versions of constructivism view knowledge as

_ being only a matter of “sociopolitical process or consensus” (p. 11). This interpretation
is not consistent with the notions of testable realities or knowledge that is adaptable to
its environment (Kevinen & Risteld, 2003). Such arguments can pertain to either indi-
vidual or social constructivism, but it is more likely that they would apply to the stance
of radical constructivists who argue that “knowledge is not a self-sufficient entity” (Liu
& Matthews, 2005, p. 387).

Finally, Phillips (1995) has charged constructivists with having a quasi-religious or
ideological fervor, calling this an ugly face of the movement. He speaks of the various con-
structivist “sects” and the common “distrust of nonbelievers” (p. 5). This zeal may have
subsided in recent years, but constructivism and constructivist design theory is clearly
greatly influenced by personal values, and the examination of such theory is often a mine-

field of strong emotions.
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APPLICATIONS OF CONSTRUCTIVIST DESIGN THEORY
The three basic principles of constructivist design theory (i.c. personal interpretation
of experience, active, realistic, and relevant contexts, and exploration of multiple
perspectives) have implications for practitioners of 1D, Below we discuss how the
application of constructivism tmpacts analysis, instructional strategy selection, and
assessment.

Analysis

Several scholars describe how constructivists conduct analysis (Bednar et al,, 1992;
Hannafin & Hill, 2007; Karagiorgi & Symeou, 2005; Perkins, 1992). These authors
often compare instructional systems design (ISD) methods of analysis to constructivist
approaches. For example, designers who follow the systems approach analyze instruc-
tional goals to identify prerequisite skills, knowledge, and attitudes or to determine the
sequence of operations required to achieve a goal. Tasks are also broken down into their
component parts when ISD analysis procedures are followed. Furthermorve, the subordi-
nate facts, concepts, rules, and procedures required to achieve a goal are identified during

analysis.
While practitioners who subscribe to construciivist design theory also carry out analy-
sis, they focus on . . . tasks that display understandings, not just knowledge and smooth

operations” (Perkins, 1992, p. 52). Constructivist designers typically do not prespecify
content because they adhere to the principle that individuals must construct their own
personal interpretation of knowledge. “Instead of dividing up the knowledge domains
based on a logical analysis of dependencies, the constructivist view turns toward a con-
sideration of what real people do in a particular knowledge domain” (Bednar et al., 1992,
p.23).

Thus context, not content, is the focus of analysis from a constructivist point of view:
Constructivist designers analyze “the environments in which the knowledge, skills, and
complexities naturally exist” (Karagiorgi & Symeou, 2005, p. 19). This reflects the con-
structivist principle that learning occurs in realistic and relevant situations. Analysis pro-
vides information that is used to identify the dimensions of a rich learning environment.
“To guide thecreation of context, the designer may focus on the description of a problem
... and/or identification of key concepis related o the problem” (Hannafin & Hill, 2007,
p.58).

Forconstructivist designers, analysis leads to the identification of generallearning goals
that are related to authentic tasks rather than the specification of instructional objectives.
As Bednaret al. (1992) state:

Constructivists do not have learning and performance objectives that are internal to
the content domain (e.g,, apply the principle), but rather we search for authentic tasks
and let the more specific objectives emerge and be realized as they are appropriaie to
the individuallearner in solving the real-world task. {p. 25)

Systematic and constructivist approaches to ID both include an analysis of learners. A
vital task for designers following an ISD approach isto identify the attributes most critical
to the attainment of specific learning objectives (Morrison, Ross, & Kemp, 2007). These
factorsinclude general profile characteristics (e.g., age, gender, work experience, and eth-
nicity), learning styles, and prerequisite skills and knowledge. Constructivist designers
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also identify learner prerequisites. However, they focus on the unique perspectives of
each individual as they enter a learning environment rather than on group characteristics
(Bednar etal., 1992). For constructivists, a critical prerequisite is self-knowledge, the abil-
ity of students to be aware of their own role in the knowledge construction process (Duffy

& Cunningham, 1996).

Instructional Strategies

While systematic and constructivist approaches to ID have contrasting views of analysis,
designers with both points of view understand the importance of selecting instructional
strategies based on how people learn. Below, we discuss a few strategies that are com-

monly associated with constructivist principles.

Cognitive Apprenticeships
The constructivist notion that learning is an active process occurring in realistic and rel-
evarit situations implies an abandonment of the “acontextual, one-size-fits-all perspec-
tive” (Cobb, 1994, p. 19). One prominent tactic to contextualize instruction has been
through the use of cognitive apprenticeships. These are learning environments that pro-
vide students with the opportunity to participate in an expert’s world rather than simply
learning expert processesand acquiring expert knowledge inan abstract fashion. Learners
are immersed in the expert’s culture and are able to develop skills while being involved
in authentic work. While teachers may serve in the expert role, they are more likely to
serve as coaches than as dispensers of information. Duffy and Cunningham (1996) do not
see the master-apprentice relationship as the critical part of a cognitive apprenticeship.
Instead, they suggest that the important aspect of the approach is for the learner to oper-
ate as a “memnber of a larger community of practice who, through legitimate peripheral
participation and the affordances of the environment, begins to assume greater responsi-

bility in that community” (p. 184).

Problem-Based Learning
Problem-based learning (PBL) is an instructional strategy used to prepare students
tc be better problem solvers.! According to Hoffman and Ritchie (1997), PBL is “a
student-centered pedagogical strategy that poses significant contextualized, real-world,
ill-structured situations while providing resources, guidance, instruction and opportu-
nities for reflection to learners as they develop content knowledge and problem-solving
skills” (p. 97). The essential characteristic of PBL is the use of a problem to situate learn-
ing rather than exposing students to disciplinary knowledge before they solve problems
(Albanese & Mitchell, 1993; Hmelo & Evensen, 2000). However, it is not the purpose of
PBL tc have students reach a perfect solution; rather, PBL emphasizes having students
understand the causes of the problem and actively build knowledge that transfers to other

problem situations (Hmelo & Evensen, 2000).

Scaffolding
The concept of scaffolding is grounded in the theories of Vygotsky (1978), who proposed
that thereis a cognitive distance between what learners know and can do independently,

1 We view problein solving as a Jearning outcome that can be approached from several different points of view and
_problem-based learning as an instructional strategy that mainly adheres 1o construcrivist design principles.
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and what learners can potentially achieve with the assistance of a more capable person.
This is called the zone of proximal development (ZPD). Scaffolding is used to help learn-
ors cross the ZPD to extend their capabilities into a new domain with just enough support
(Arts, Gijselaers, & Segers, 2002). Just enough support means that scaffolding should
support learning while still making 1t challenging and allowing for independent thinking
(Rommetveit, 1974).

Scaffolding can take a variety of forms such as encouraging, explaining, modeling, or
questioning (Hogan & Pressley, 1997). Content scaffolds can be used to support students’
nuderstanding of the subject matter (Reid, Zhang, & Chen, 2003; Pedaste & Sarapuu, 2006).
“or example, a content scaffeld could direct students’ attention to key terms and princi-
pics as they gather specific information they require to approach a problem (Su, 2007).
Metacognitive scaffolds are designed to facilitate learners as they plan and monitor learning
sriiviries or evaluate and reflect on their own learning (Reid et al., 2003; Pedaste & Sarapuu,
200o). For example, a metacognitive scaffold might encourage students to sumimarize,
reflect on, and debrief information they learned after finishing a project (Su, 2007).

Saye and Brush (2002) preposed a taxonoiny of scaffolds, grouping them into two

‘iypes based on their flexibility. Soft scaffolds refer to dynamic and situational supports
that require teacliers to continuously diagnose learners’ instructional situations and pro-
vide them with just enough supportina timely manner. Hard scaffolds are static supports
that can be predicted and planned in advance based on anticipated typical difficulties
students may have duringlearning (Saye & Brush, 2002).

Collaboration

Adherence to the constructivist principle that learning results from an exploration of
wwltiple perspectives frequently leads to the use of collaboration. Collaboration refers
to @ variety of instructional strategies that encourage students to work together, includ-
ing peer teaching, discussion groups, and learning communities (Goodsell, Maher, Tino,
Smith, & McGregor, 1992). The terms ccllabgrative learning and cooperative learning
are often used interchangeably. However, collaborative learning is less structured than
cooperative learniing; it relates to ill-structured tasks for open and flexibie sclutionsand to
the acquisition of an ill-defined domain of knowledge and skills (Eastmond, 1995; Webb
& Palincsar, 1996). '

Some constructivists suggest that learning is more effective when students collaborate
ro discuss with their peers (Jonassen & Kwon, 2001; Kanuka & Anderson, 1998). This
belief has led to a shift from individual knowledge construction to knowledge-building
communities of learners (Chou, 2001; Ravits, 1997). A collaborative strategy often used by
constructivist designers is computer-mediated collaboration (CMC). CMC can provide
cuhanced opportunities for dialogue, debate, and the potential for a sense of community
(Naiclu, 1997; Oliver & Omari, 2001). Theorists think CMC may have a greater impact
o problem-solving and higher-order skills than other modes of interaction {Adelskold,
Alkleti, Axelsson, & Blomgren, 1999; Jonassen, Prevish, Christy, & Stavulaki, 1999).
tIowever, empirical evidence for the use of CMC to enhance problem solving is meager
at best (Murphy & Collins, 1997; Uribe, Klein, & Sullivan, 2003).

Assessment

Constructivism also has implications for assessing student learning. According to
fonassen (1992), “An obvious implication of constructivism for evaluation of learning
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is that evaluation should be goal-free” (p. 139). Based on Scriven’s {1991) principles of
goal-free program evaluation, Jonassen believes that the learning process, and the assess-
ment of it, will be biased if learning goals are known in advance. Constructivists often sug-
gest assessing learners’ thinking processes by asking them to solve problems in a domain
and explain and defend their decisions (Bednar et al., 1992). In addition, constructivist
designers use open-ended assessments to determine if fearners understand and can the
useknowledge theyhave constructed for themselves (Perkins, 1992). Because constructiv-
ists believe that learning results from an exploration of multiple perspectives, evaluation
processes should allow for different perspectives rather than one right solution (Jonassen,
1992). Thus, constructivist designers would require learneis to present alternative
solutions to a problem and make arguments that support their position. These beliefs
suggest that criterion-referenced assessments used by designers who follow the systems
approach are not appropriate for assessing censtructivist learning.

Summary

Many of the individual elements of constructivist design theory are often used in other
approaches to instructiocn. However, the applications of the core principles together lead
to the design of unique learning environments. The differences between constructivist

desigirand instructional systems design are compared in Table 8.1.

Table 8.1 A Comparison of Instructional Systems Design and Constructivist Instructional Design

Copstructivist Instructional

Task Instructional Systems Design
. Design

Analysis » Content (Tasks, Procedures) » Context (Authentic Settings)

+ Problem and Organization + Problem

» Learner (Prerequisites, Profiles, Learning Style} - Individual Learners (Seif-

- Context (Orienting, Instructional, Transfer) Knowledge, Perspectives)
Design * Behavioral Objectives * General Goals Related to

» Sequencing {Hierarchical, Simple to Complex) Authentic Tasks

+ Media Selection + Learner-Controlled Sequencing

+ Implementation Plans * Rich Learning Environments
Yevelopment + Instructional Activities » Networked Environment

Electronic Collaborative Toois

» Instructional Materials
Social Networking Tools

Active and Authentic Learning

wmiplementation Variety of Strategies (e.g., Collaborative,

Computer-Based, Large Group Direct
Instruction, Individualized)

Instructor Roles (Delivery, Facilitation and
Guidance, Evaluator)

Strategies (e.g., Froblem-Based
Learning, Cognitive
Apprenticeships, Computer-
Mediated Collaboration,
Learning Communities)

» Scaffolding

» Instructor Roles (Coach,
Facilitator, Guide, Support)

luation

Criterion-Referenced Assessment of Learners
« Formative, Summative, and Confirmative
Evaluation (Program, Materials)

.

» Continuous Diagnosis

*+ Goal-Free Assessment

+ Open-Ended Assessment
+ Multiple Perspectives




Constructivist Design Theory « 139

TRENDS IN CONSTRUCTIVIST INSTRUCTIONAL DESIGN
Constructivist design theory continues to expand howweapproach ID. Starting originally
as a general philosophical position, it was adapted to new ways of teaching and then to
the design and development of instruction. Now constructivist design theory serves as the
impetus for a re-examination of the design process itself and for the role of techinology in
furthering constructivist goals. We will address these two developments in this section.

Emergence of Constructivist Instructional Desigr Models

There is a call in some quarters for the adoption of “new theoretical stances and models,
representing different views on learning and instruction” (Larson & Lockee, 2004, p. 32).
This includes the move to a nonlinear, cyclical, and iterative design process using authen-
tic problem-solving techniques (Willis, 2009a; Hakkinen, 2002). Constructivist-I1D mod-
els (C-1D) may be one answer to this call.
Proponentsof C-IDmodels recommend that designers focus on the local context ofthe
design project and emphasize collaborative development procedures. They also suggest
- an iterative design process. Although many designers implementing ISD procedures also
operate in an iterative manner, there is a fundamental difference between C-ID models
and ISD models (Willis, 2009a). Most designers using ISD models tend to be objectivists
who adhere to general explanations of the learning process which have been supported
by empirical research. C-ID models, however, are based on the assumption that there are
“no absolute laws of human behavior and learning that can be confidently generalized
from one situation to another” (Willis, 2009a, p. 24). The contextual idiosyncrasies of
each design project guide the decision-making process and determine what works and
what may not work. Instruction designed using C-1D models is implemented with the
assumption that there will be multiple perspectives during instruction and designers best
serve learners when they help them confront as many of these perspectives as possible
(Willis, 2009a). This reflects the view thatlearning results from an exploration of multiple
perspectives; this was discussed earlier. The use of C-1D models results in instruction that
promotes learning from a personal interpretation of experience, often through activities
such as problem-solving and cognitive apprenticeships. Here we explore two examples
of C-ID models: the Layers of Negotiation Model and the Recursive, Reflective
Instructional Design (R2D2) Model.

Layers of Negotiation Model

The Layers of Negotiation JD Model was constructed during the design and development
of a series of case-based interactive videodiscs for use in constructivist teacher education
programs (Cennamo, Abell, & Chung, 1996). The model focuses on the process of knowl-
edge construction whicli involves reflection, the examination of information multiple
times for multiple purposes, and the social negotiation of shared meanings {Cennamo,
2003). The model uses a recursive process that spirals through the analysis, design, devel-
opment, and evaluation phases of ID. Cennamo (2003) attempted to apply the same ele-
ments of a constructivist learning environment to the design of instruction:

1. Embrace the complexity of the design process.
2. Provide for social negotiations as an integral part of designing the materials.
3. Examine information relevant to the design of the instruction at multiple times

from multiple perspectives.
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4. Nurture reflexivity in the design process.
5. Emphasize participatory design. (p. 15)

Social negotiations become an integral part of the ID process by involving all partici-
pants throughout the project. Participants in the design process develop a set of shared
beliefs that are incorporated in the design and development of the instructional materi-
als (Cennamo, 2003). Cennamo implemented and revised the model in a second proj-
ect pertaining to elementary teacher professional development. Cennamo (2003) states
“throughout the design process, decisions were made based on the data that were avail-
able and relevant. As additional data became apparent or relevant; we spiraled back and
revisited prior decisions” (p. 16). The Layers of Negotiation Model was subsequently
refined in the Cennamo and Kalk (2005) rapid prototyping model previously described
in Chapter 2.

Recursive, Reflective Instructional Design Model

The R2D2 Model is another example of constructivist ID. This model was initially created
during ID projects conducted at the NASA Johnson Space Center (Willis, 2009b). R2D2
provides design guidelines rather than a set of required steps. The three generai principles
or flexible guidelines in the Willis R2D2 Model relate to recursive, reflective, and partici-
patory design.

The first guideline is design is recursive or iterative in nature. In this approach, design
is essentially nonlinear. The procedures are completed in the order that makes sense
for the design project. Designers have the opportunity to revisit issues again and again
throughout the process. Unlike a more sequential ISD approach, objectives, content, and
teaching-learning activities gradually emerge rather than being specified early in the
process (Willis, 2009b).

The second guideline is each effort to solve a design problem is seen as an opportunity
to reflect. In constructivist design, “the real world is constructed by the practitioner, who
then makes professional practice decisions from within that constructed reality” (Willis,
2009b, p. 302). Willis (2009b) describes this as both “artistic and reflective” (p. 302).

Finally, the third guideline is design is participatory in nature. As such the design proj-
ectincludes “the usersas participants, notas observers” (Willis, 2009b, p. 303). All partici-
pants (including end-usersand stakeholders) ina design project of this type are considered
experts in what they do. The designer is not viewed as the expert. Consequently, designers
must collaborate with participants while making design decisions (Willis, 2009b).

Willis (2009b) states the use of these general principles have been widely adopted in
other design fields and that a paradigm shift appears to be occurring in ID resulting in the
generalacceptance and use of these principles. The R2D2 Model itselfis portrayed as a tri-
angle with three focal points: define, design and development, and dissemination (Willis,
2009¢). Unlike many other ID models, the triangle does not imply a particular point of
entry or the need to follow a sequential erder: “The model is based on the assumption
that designers will work on all three focal points of the process in an intermittent and
recursive pattern that is neither completely predictable nor prescribable” (Willis, 2009¢,
p. 315). For example, in ISD writing objectives and test items is typically performed at
the beginning of the project by the instructional designer. Willis (2009¢) maintains that
this is not the most effective type of design. Rather, he suggests that the designer should
be a facilitator of the design process, and that it should be undertaken by the entire design
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team Including end-users, subject-matter experts, and stakeholders. Once the design
icam determines the general approach to the new instruction, they move forward in a
participatory manner knowing that this approach mdy be modified as the project moves
into product development.

The Cennamo and Willis models both approach design as a recursive, reflective pro-
cess. They both emphasize participation ofall involved (including end-users) in all phases
of the project. The difference between the two models, however, is in the role of the
instructional designer. Cennamo (2003), who reflects a practitioner perspective, believes
inthe importance of a general ID expert; Willis (2009¢), on the other hand, maintains that
Jesign is context-specific to the point that the designer serves more as a facilitator of the

:,cople and the process.

Applications of Constructivist Instructional Design to Online Learning

1 ere is a growing need to address complex topics in education and training and to inte-
grate learning and work in business settings. At the same time, there is often a need for
~ducation and training to be more flexible in terms of time and place in order to meet
‘ndividual needs. We have discussed constructivist design strategies, including cognitive
+»prenticeships, problem-based learning, scaffolding, and collaboration. Online learn-
.ng can provide one environment for these and other constructivist strategies. Here, we
discuss two approaches to online learning: computer-supported collaborative learning
environments (CSCL) and the use of social networking learning communities.

Computer-Supported Collaborative Learning Environments

(_SCL presents a collaborative learning environment in which “the educational con-
toxt is collaborative, the social context i1s the group, and the technological context is a
computer-mediated setting” (Kirschner, Strijbos, Krejins, & Beers, 2004, p. 5G). CSCL
tnvolves “designing, developing, and describing technologies to support collasboration
n learning environments” (Satwicz & Stevens, 2008, p. 166). Technology is the envi-
ronmental mediator between the social and educational contexts. The ability of the
{zarner to successfully interact with others in this environment is essential (Kirschner et
al., 2004). Interaction in a CSCL environment can provide learners with an opportunity
for active learning in a realistic and relevant situation, a basic principle of constructivist
design theory.

CSCL environments support those teaching and learning activities that rely heavily on
social interaction among group members. These collaborative environments facilitate the
zinergence of a social space, and a human network of social relationships among group
members (Kirschner, 2004). This social interaction among group members can foster an
swisloration of multiple perspectives of the instructional content and collaboration, also
goouls of constructivist design. In a review of the use of technology for collaborative learn-
ing, in higher education, Resta and Laferriere (2007) conclude that:

... the last 20 years have been highly productive for CSCL. The advances of the learn-
1ng sciences, combined with the needs of the knowledge society, have heightened the
requirements for flexible (time and space) and challenging (problem-solving and
knowledge building) learning environments. (p. 77)

As technology continues to evolve, so too will these types of learning environments.
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Social Network Learning Communities

Social networking learning environments are a result of the continuing evolution of
technology and its use in promoting learner interaction and collaboration. Gunawardena
et al. (2009) define social networking technology as “tools that facilitate collective intel-
ligence through social negotiation when participants are engaged in a commmon goal or a
shared practice” (p. 6). Social networking technologies include media such as weblogs,
podcasting, audio blogs, and wikis. These tools support a constructivist approach to
learning by providing an online comniunity where learners can collaborate and interact
with others as well as with the instructional content via the Internet. Social networking
communities can provide a place where individuals form groups interested in learning
and sharing knowledge (Snyder, 2009). Learners are actively seeking others, and in doing
so are gaining the multiple perspectives of an identified area of interest.

Utilizing technologies to provide for online student interaction epportunities is not
new to ID. Beldarrain (2006) describes hew first-generation web tools (e.g., email, char
rooms, and discussion boards) have been used for over a decade. Second-generation web
tools may make interactivity more feasible. For example, social networking tools can be
used in conjunctien with other applications to create engaging learning cornmunities.

RESEARCH ON CONSTRUCTIVIST INSTRUCTIONAL DESIGN

Much like conditions-based ID (see Chapter 7), there is little research examining the
comprehenstve application of constructivist ID models. Yet, studies have been conducted
to investigate instructional strategies commonly associated with constructivism. Below
we discuss some representative research on cognitive apprenticeships, PBL, scaffolding,

and CMC.

Empirical Support for Constructivist Strategies
A review of the literature on cognitive apprenticeships (Dennen, 2004) suggests that two
research methods have been conducted on this strategy: in situ (i.e., qualitative) research
and experimental research on designed interventions. In situ studies document cognitive
apprenticeships in a specific context. Results of the in situ studies reviewed by Dennen
{2004) indicate that in-depth examinations of an expert’s actions and understandings
in a specific context can lead to models that teachers can use to support their students.
Furthermore, modeling and reflection can help students make sense of and internalize

“what they are learning. However, Dennen (2004) writes:

The various theories of how cognitive apprenticeship works and the results from in situ
research both need to be studied with rigor in the interest of attaining generalizability.
Small pockets of experimental studies have been conducted to date, but many of these
studies occur in isolation rather than in a related series. (p. 821)

A considerable amount of research has been conducted to evaluate the impact of PBL
in the classroom or to compare it with conventional approaches to instruction. Many
of these studies have been included in reviews of the PBL literature or in meta-analyses
of research findings (Albanese & Mitchell, 1993; Gijbels, Dochy, Van den Bossche, &
Segers, 2005; Norman & Schmidt, 1992; Vernon & Blake, 1993). This research indicates

that PBL:
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“+  Enhances student interest, attitudes, and motivation for learning;
Decreases iminediate acquisition of declarative knowledge cutcomes; and
+ Promotes long-term retention of information, application of skills, and sclf-
directed learning.

QOthers report some difficulty associated with PBL, especially when it is implemented in
technology-rich settings that allow students the freedom to explore multiple resources.
For example, learners can become discrientated or lost during PBL; this often leads to
feelings of frustration and lack of support (Edelson, Gordin, & Pea, 1999).

To address these issues, scaffolds are frequently used to support learners when PBL is
used with complex multimedia. These hard scaffolds are static supports, are planned in
advance, and are based on anticipated student difficulties (Saye & Brush, 2002). Research
findings suggest that these types of scaffolds have a positive impact on information seek-
ing, knowledge acquisition, concept integration, ill-structured problem-solving, and
reflection (Cho & Jonassen, 2002; Davis & Ling, 2000; Roehler & Cantlon, 1997; Saye &
Brush, 2002; Simons & Klein, 2007). However, other researchers report that many stu-
dents lack the metacognitive skills required to use scaffolds in open-ended learning envi-
ronments (Land & Hannafin, 1997; Oliver & Hannafin, 20C0).

In addition to studies on PBL ard scaffolds, there is extensive research on the use of
collaborative strategies. Generally, findings show that collaboration has a positive impact
on learning and motivation in classrooms and when students use technology (Johnson
& Johnson, 2004; Sussman, 1998). However, most of these studies do not attempt to link
collaboration with any of the constructivist design principles discussed in this chapter.

CMC 1s frequently hailed by constructivist designers as a way to increase problem-
solving ability. Yet empirical evidence for the use of CMC to enhance problem solving
is meager at best. According to Uribe et al, (2003), research on CMC has been limited
to preference surveys or evaluative case studies. For example, a case study conducted by
Gilbert and Driscoll (2002) indicated that students in a graduate course on instructional
theory benefited from building and sharing information by means of CMC. Another
case study by Scardamalia and Bereiter (1996) suggested that elementary school students
using CMC displayed a higher level of knowledge construction when compared to those
who did not collaborate. Furthermere, Uribeetal (2003) note that many studies on CMC
focus on affective ontcomes, while ignoring learning and performance.

Recommendations for Continuing Research

Growinginterest in the application ofconstructivism to ID requires that scholars conduct
rigorous research on the principles of constructivist design theory. As we have pointed
out, isolated studies have been conducted on some of the strategies that adhere to con-
structivist philosophy. We think that research on cognitive apprenticeships, PBL, scaf-
folding, and CMCshould continue, but that findings should tie more direcily to the basic
tenets of constructivist ID discussed in this chapter.

Most strategy research compares constructivist to nonconstructivist approaches in
an apparent effort to prove the effectiveness of these techniques and the wisdorm of the
philosophy. However researchers, such as Hay and Barab (2001), have begun to study the
relative effects of various approaches to constructivist design by examining the impact
of aiternative learning environments. This seems to be a fruitful tactic, one that holds
promise of providing a more solid foundation for constructivist design. In addition, such
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research can clarify the nature of constructivism itself by distinguishing the alternative
“theories that are frequently grouped under the umbrella term of constructivism” (Hay
& Barab, 2001, p. 318).

Finally, we think that mere research should be done to validate constructivist [D pro-
cedures and models. Constructivist approaches to analysis, assessment, and evaluation, as
well as the application of models such as the R2D2 Model (Willis, 2009b) require empir-
ical validation. A fruitful method for these studies would be design and development
research or design-based research.

SUMMARY

This chapter has explored the basic principles of constructivist design theory: personal
interpretation of experience, active, realistic, and relevant contexts, and exploration of
multiple perspectives. We examined how constructivism is applied in ID practice during
analysis, strategy selection and design, and assessment. We also discussed some trends in
constructivist ID and representative research studies conducted to investigate instruc-
tional strategies commenly associated with constructivism. Tables 8.2 and 8.3 provide a
summary of the major themes covered in this chapter.

Table 8.2 An Overview of Constructivist Design Theory and Instructional Design

1. Key Principles:
- Learning results from a personal interpretation of experience.
- Learning is an active process occurring in realistic and relevant situatjons.

- Learning results from an exploration of multiple perspectives.

2. Philosophical Orientation:
»+ Constructivism is a philosophy itsclf,
- Constructivism also reflects principles of rationalism.
- Constructivism’s implied subjectivity reflects some elements of humanism.

3. Theoretical Foundations: John Dewey, Jean Piaget, Ernst von Glasersfeld, and Lev Vygotsky

4. 1D Applications:
- Analysis of the Environment, Preblen:s, and Individual Learners
+ Goal-Free and Open-Ended Assessment
- Instructional Strategies (Cognitive Apprenticeship, Problem-Based Learning, Scaffolding,
Collaboration)
- Learning Environments (Computer-Supported Collaborative Learning, Social Networking Learning
Communities)

5. Supporting ID Research: Representative areas include the following:
- Cognitive Apprenticeships (e.g., Dennen, 2004)
- Problem-Based Learning (e.g., Albanese & Mitchell, 1993; Gijbels et al., 2005)
« Scaffolding (e.g., Cho & Jonassen, 2002; Davis & Linn, 2000; Land & Hannafin, 1997; Saye & Brush,
2002; Simons & Klein, 2007)
+ Computer-Mediated Collaboration (e.g., Johnson & Johnson, 2004; Scardamalia & Bereiter, 1996;

Uribe et al., 2003)

6. Related Concepts:
» Anchored Instruction
- Individual Constructivism
» Knowledge Construction
» Learning Community
» Situated Cognition
» Social Constructivism
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Tahle 8.3 Instructional Design Domains and Eiements Related to Constructivist Design Theory

Learners and Learning Processes
+ Distributed Cognition
- Knowledge Construction
+ Learner Characteristics (beliefs and attitudes, self-knowledge, setf-retlective skills)

Learning and Performance Contexts
» Computer-Supported Collaborative Learning Environments
- Learning Enviromments (rich, authentic)
+ Sociul Networking Learning Cornmunities

Content Structure and Sequence
¢ Learner-Controlled Instructional Sequences

Instructional and Noninstructional Strategies
+ Active Learning
- Authentic Learning Activities
» Cognitive Apprenticeships
+ Facilitation of Learning and Individual Knowledge Construction
- Interactive and Collaborative Learning
+ Leamer Control
- Problem-Based Learning
- Scaffolding

Media and Delivery Systems
+ Computer Supported Collaborative Learning
- Electronic Collaborative Tools
» Social Networking Tools

Designers and Design Processes

Analysis {context, individual learners, problems)

Design and Development (general goal related to authentic tasks, participatory, recursive, reflective,

strategy and media selection)

- Assessment and Evaluation (accept multiple perspectives, goal-free assessment, open-ended
assessments)

Next, we turn to performance improvement (PI) theory and explain how this area of
scholarship and practice provides a foundation to the ID knowledge base. We examine
some models of PI and look at some of the trends and research findings in this field.



PERFORMANCE IMPROVEMENT THEORY

Theories and models of performance improvement (PI)! expand the scope of instruc-
tional design (ID) by employing the systems approach to address performance oppor-
tunities and problems. PI can be applied to improve the performance of organizations,
processes, and individuals (Rummler & Brache, 1995). It is concerned with measurable
performance and how to structure elements within a results-oriented system (Stolovitch
& Keeps, 1999). '

Practitioners of Pl and 1D follow a systems approach to analyze, design, develop,
implement, and evaluate products and programs. Like ID, the origin of modern day P1
can be traced back to World War Il when the Training Within Industry project went
beyond training individual workers to focus on organizational perfermance and used
innovative tools such as job instructions, job methods, and job relations (see Swanson,
1999). Furthermore, PI and ID share many of the same theoretical underpinnings.

While PI and ID share many of the same roots, PI models and theories have impacted
ID in recent years. The purpose of this chapter is to examine the contributions of PI to
ID. The following will be discussed:

»  The theoretical foundations of PI;

»  Models of performance improvement;

» Evaluation and PI;

+ The philosophical orientations to performance improvement;

+ Trends in the application of performance improvement to ID; and

+ An examination of PI research literature and suggestions for future studies.

1 We use the term performance improvement (PI) in this chapter rather than performance technology (PT),
human performance improvement (HPI), or human performance technology (HPT). While many view the
terms to be synonymous, we prefer PI because it is focused on outcomes rather than tools, and it is broader in
scope. At times, however, we use the terms HP] or HPT when quoting from the literature. (See Stolovitch, 2007
for a further discussion of these terms.)

146
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THEORETICAL FOUNDATIONS OF PERFORMANCE IMPROVEMENT
Various authors have identified the theories that form the basis of Pl (Foshay &
Moller, 1992; Rosenberg, Coscarelli, & Hutchison, 1999; Stolovitch, 2007; Sugrue &
Stolovitch, 2000). According to a review of the literature by Huglin (2009), the most
frequently cited cognate fields considered as foundational to Pl are psychology, systems
theory, organizational development, instructional systems design, and communications
theory.

Some of the theoretical foundations of PI parallel those of ID. For example, general
systems theory (GST) (see Chapter 2), communications theory (see Chapter 3), and
learning theory (see Chapter 4) contribute to ID and P alike. Stolovitch (2007) discusses
the impact of behavioral learning theory on PI by stating:

Thomas F. Gilbert is generally considered to be the father of HPT. As a graduate stu-
dent of B. F. Skinner, Gilbert was steeped in the principles and practices of behavior-
ism . .. taking Skinner’s principles and venturing into the workplace arena. (p. 139)

Organizational development (OD) theory also influences PI. Like PI, OD centers
on results by emphasizing an organization’s mission and objectives (Stolovitch, 2000).
Nevertheless, OD practitioners “focus on humanistic rather than behavioristic strate-
gies” (Rosenberg et al., 1999, p. 32). These strategies relate to culture, diversity, ethics,
leadership; and team building (Dean, 1999; Van Tiem, Moseley, & Dessinger, 2004).

After conducting an extensive review of the organizational change and development
literature, Beer and Walton (cited in Rosenberg et al., 1999) propose four views of the
field: OD as general management, OD as creation of adaptive strategies, OD as human
resource management, and OD as implementation of change. Each point of view impacts
PI by providing a wide assortment of interventions that focus on the well-being of indi-
viduals within an organization (Beer & Walton, 1987). _

Another way of describing the theoretical foundations of PI is to examine the lens it
uses to view performance (Swanson, 1999). According to Rosenbergetal. (1999), “There
appears to be general agreeincnt that HPT ultimately stems from the work of a num-
ber of behavioral psychologists” (p. 26). As a resuit, early approaches to performance
improvement focused mainly on individuals and the processes they used to accomplish a
task or job. Someone viewing PI through this lens is focused on subsystem performance
{Swanson, 1999). While still concerned with individual accomplishment, PI todayisalso ~
focused on system-wide improvement—organizational performance is at the highest
position of the lens (Rummler & Brache, 1995; Swanson, 1999). Furthermore, newer
frameworks that center on the secio-cultural aspects of performance improvement to
include complex group and organizational structures have recently been introduced into
the P1 literature (Schwen, Kalman, & Evans, 2006).

MODELS OF PERFORMANCE IMPROVEMENTT

A number of models have been developed to address how to improve the performance of
crganizations, processes, and individuals. Below we discuss several of these models incdluding:

+ A model advocated by the International Society of Performance Improvement;
+  Gilbert’s Behavior Engineering Model;
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»  Harless’s Performance Improvement Process Model;
» Rummiler and Brache’s Framework for Improving Performance; and
+ Kaufman’s Organizational Elements Model.

A Comprehensive Performance Improvement Model

Acomprehensive model of performance improvement is shown in Figure 9.1. The model
was originally gencrated by Deterline and Rosenburg (1992) and has been adopted by
the International Society for Performance Improvement (ISPI). According to Stolovitch
(2007, p. 142) it “has probably had the most global exposure” of any perforrnance
improvement model. It includes five interrelated components—performance analysis,
cause analysis, intervention sclection, design and development, implementation and
change management, and evaluation (Van Tiem et al., 2004). Below we discuss each of
these components.

Performance Analysis

Performance analysisis the first component in the comprehensive model of P1. According
to Rossett (1999), performance analysis centers on the directions an organization wishes
to go (i.e., desired performance) and the drivers that encourage or impede performance
(i.e., current performance). During this phase, organizational analysis is conducted to
identify the vision, mission, values, goals, and strategies of the organization where a
performance issue is occurring (Van Tiem et al,, 2004). Environmental analysis Is also
conducted to uncover factors related to the performance issue (Gilbert, 1996; Mager &
Pipe, 1997). These factors may include the:

Performance Cause Intervention Implementation &
Analysis Analysis Selection & Design Changz Management
QOrganizational Desired .
L Analysis Performance Performance Support Change
" : " M ent
Lacl'< of Job & Work Design anagem
Environmental Process
Gap Support Personal Development Consulting
Analysis Lack of ’ ggy:;g Fr:e::turce Employes
Repertory P Development
Behavior Organization Design & o
A4 Communication Communication
Environmental Actual Sinancial Systems Networiing |
Analysis Performance e

Evaluation

Formative
- Summative

Confirmative

Figure 8.1 A Comprehensive Mode! of Performance Improvement.

Note: From fundamentals of Performance Technology: A Guide to Improving People, Process, and Performance (2nd Edition)
by D. M. Van Tiem, . L. Moseley, & J. C. Dessinger, 2004, p. 7. Copyright 2004 by The International Society for Performance
Improvement (hitp:/fwww.ispi.org). Used with permission.
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Table 9.1 Continued

Performance Improvement Theory

Cultural Change Management

Diversity Programs

E-learning/Web-Based Learning

Electronic Peiformance
Support Systems

Employee Assistance

Employee Orientation

Ergonomics

Information Systems

Job Aids

Job Rotation

Leadership Development

Management Development
Meetings/Dialogue

Motivation Systems

Organizational Communication
Physical Resource Management
Performance Appraisal

Succession Planning

Teambuilding

Virtual Communication

Process for altering the way people think, behave, interact, and

" perform within an orgarization

Initiatives designed to foster creativity by leveraging the cultural
differences amony employees

Programs enabling learning on the web (videos, recorded classes,
and virtual resources)

Digital programs that provide just-in-time, on-demand

information necessary for accomplishing tasks

Programs designed to address work-life balance, professional
development, and other personal issues

Introducing and welcoming new employees to the organization and
helping them become productive quickly

Modifying the physical workplace to enable increased productivity
Storing and retrieving employee information such as rate of pay,
attended classes, vacation hours, etc.

Method for providing essential information when performeris
carrying out the task that reduces amount of recall and minimizes error
Changing workflow in order to ensure employees are provided
opportunities to develop new skills

Programs and initiatives that enable development of leaders focusing
on the interpersonal linkages between individuals in a team
Programs that enable development of managers within organizations
Process for bringing people together to collectively share information,
plan, make decisions and solve problems

Process forincreasinvg employee performance by providing external
rewards and feedback or by addressing intrinsic rewards by aligning
projects with employee interests

Using the company intranet and other corporate communication tools
to facilitate organizational change, receive feedback, etc.

Providing physical resources and facilities that encourage employee
performance

Process for identifying, evaluating, and developing performance of
employees

Process designed to ensure the continued effective performance of an
organization by making provision for the development and

- replacement of key people over time

Creating a small group of people with complementary skills who are
committed to a common goal, and hold themselves mutually accountable
Tools and processes that enable remote collaboration of employees in
different parts of the globe

performance supportsystems, ergonomics, incentives, and compensation). Interventions
can also be classified by the root causes of a performance problem in terms of whether
they improveknowledge andskill, motives, information and feedback, physical resources,
structure and process, or health.

The principles of systematic design are followed when performance interventions are
planned and implemented. Additional factors that contribute to the success of an inter-
vention are cost, sustainability, and accountability (Sanders & Thiagarajan, 2001; Spitzer,
1999). Designers should consider how much time and money a client is willing to spend on
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the intervention in relation to the cost of the problem. Interventions should be cost effective,
comprehensive, and systemic. Time and money should be budgeted for intervention design
and implementation; interventions should save more than they cost. They should address
the entire problem or opportunity and be integrated into the organization. Furthermore,
successful interventions are easily maintained. They also require a sponsor who will be
accountable for them and who will guarantee their maintenance {Spitzer, 1999).

Spitzer (1999) provides the following suggestions for designing successful perfor-
mance interventions:

+Identify the objectives of the intervention. Objectives should be aligned with the
performance opportunity or the problem and its causes.

+ Determine and prioritize requirements by distinguishing between mandatory and
desirable results,

»+ Consider multiple interventions and build the most cost effective solution that
meets the organization’s requirements. Two categories of requirements for inter-
ventions are technical and human.

*  Prepare a high-level intervention design. Use visual or verbal descriptions to out-
line the proposed intervention and all its elements to the client.

+ Develop several alternative designs then select the best one to use.

+ Complete a detailed intervention plan by identifying specific events, activities,
tasks, schedules, and resources.

Intervention, Implementation, and Change Management

Once an intervention is selected and designed, it is implemented and change must be
managed. According to Van Tiem et al. (2004) the four methods for executing this com-
ponent of the PI model are:

+  Communication, networking, and alliance building;

+  Empioyee development activities;

»  Change management; and

+  Process consulting.
L .
Effective communication, networking, and alliance building are the quickest techniques
to obtain support for a new intervention. Employee development includes strategies
such as training, job aids, and mentoring. Change management and process consulting
are rooted in organizational development theory and are time consuming and difficult
tG implement. Change management relates to an organization’s culture and structure,
is concerned with ownership and empowerment, and includes various key stakeholder
groups (Van Tiem et al., 2004). Tactics for managing change consist of leadership devel-
opment, problem solving, and project rnanagement. Process consultinig is a centralized
approach that “involves major redesign of processes and jobs leading to significant orga-
nizational reengineering” (Van Tiem et al., 2004, p. 133). It is typically completed when
large performance issues at the organizational level are being addressed.

Evaluation and Measurement

Evaluation and measurement occurs throughout the life of a performance improve-
ment project (Shrock & Geis, 1999). The general model of PI includes three types of



152 . Performance Improvemerit Theory

evaluation: formative, summative, and confirmative (Dessinger & Moseley, 2004).
Formative evaluation is an ongoing process tiiat begins during performance analysis,
continues through cause analysis, and is completed during intervention design and
implementation (Geis & Smith, 1992). Summative evaluation is conducted after an
intervention is iimplemented to determine its effectiveness (Dessinger & Moseley,
2004). Confirmative evaluation “places a value on knowledge or skill transfer to the
job, organizational impact, and return on investnment” (Van Tiem et al., 2004, p. 158).
The concept of confirmative evaluation was first introduced by Misanchuk (1978) to
expand the formative-summative dichotomy and to suggest how instructional design-
ers can determine the impact of a product after it has been implemented and used for

a period of time.

The Behavior Engineering Model

As we previously discussed, Thomas F. Gilbert’s ideas have a profound impact on
Pl practice. In fact, the cause analysis phase of the general PI model is based on his
Behavior Engineering Model. Gilbert (1996) adheres to principles of behaviorai
learning theory (see Chapter 4) by writing “all behavior can be described in terms
of stimuli (S) and responses (R) ... For behavior to be maintained it must be rein-
forced” (p. 82). He extends these principles to workplace settings by including two
components in his Behavior Engineering Model: an individual’s repertory of behavior
and the environment that provides performance support. The three main individual
aspects that influence performance are knowledge, capacity, and motives. The three
factors in the environment that impact performance are information, resources, and
incentives.

Causes of performance problems are rooted either in the environment or in indi-
vidual performers. According to Dean and Ripley (1997):

Gilbert claimed that the absence of performance support factors in the work envi-
ronment is the single greatest block to exemplary performance . . . Gilbert believed
that performance improvement usually could be achieved by addressing environmen-
tal support factors alone, yet traditional managers and human resource specialists
assume that the individual, not the environment, needs “fixing.” This leads to training
as the performance intervention of choice. {p. 48)

The Performance Improvement Process Model
The performance improvement process (PIP) model developed by Joe Harless (1970)
introduced the term “front-end analysis” to the field (Dean & Ripley, 1997). According
to Stolovitch (2007), Harless “had a marked influence on practitioners of training, espe-
cially instructional designers . . . [he] laid the foundation for numerous performance
improvement models that were to follow” (p. 140) Harless’s goal was to increase the
quality of human performance in organizations by the use of interventions generated
from thorough analysis, design, and testing (Harless, 1994).
The PIP model (see Figure 9.2) includes the following components:

» Organization alignment—This initial step requires a review of organizational
goals and actual conditions to identify performance gaps and determine which to

address,
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»{Plan & organize the PIP program J

-—» Conduct organization alignment to determine
improvement projects to be undertaken

: Conduct project alignment to produce a plan for each project

Conduct front-end analysis for each project to produce recommendations for
interventions needed

1

T !

Design Personnel Design Skill or Design Design
Selection Knowledge Environment Environment
Intervention intervention Intervention Intervention

L'_Wﬂ_’i_j_J_-,J

rTest, revise & implement interventions

[ Evaluate projects

t)mgoing monitoring for continwﬁ—

Dire 3.2 The Performance Improvement Process Model.

iiecFrom Ferformance Quality Improvement System by . H. Harless, 1994. Copyright 1994 by J. H. Harless. Used with permission.

+ Project alignment—This stage of the model produces a project plan to determine
who will be involved and the strategies that will be used.

»  Front-end analysis—During this phase of PIP, either diagnostic front-end analysis
or new performance analysis is conducted depending on whether a client is expe-
riencing a shortfall in reaching a current goal or if he or she wants to support new
pevformance. '

> ioiorvention design—Once front-end analysis is conducted, interventions are
sclected, designed, and developed. This may include strategies for personnel selec-
fwon, skills and knowledge, environment, or motivation/incentives.

» {atorvention testing, revision, and implementation—This phase of PIP is similar
i tormative evaluation and includes designing performance measures, conduct-
ing validation tests, and pilot-testing of interventions.

- Project evaluation—This involves examining the performance improvement
process to determine if it worked and how to modify it.

* Monitoring for continuous improvement—The last stage of PIP includes ongoing
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investigation after solutions are implemented to monitor performance and to
determine if changes in the workforce or new problems arise. When this occurs,
2dditional front-end analysis and a new PIP study may be required.

Managing the White Space in Organizations—The Rummler and Brache Model

According to Stolovitch (2007), “one of the most important milestones in the evolution
of HPI was the appearance of another volume, Improving Performance: How to Manage
the White Space on the Organization Chart” (p. 141). Written by Geary Ruminler and
Alan Brache (1995), this book proposes a framework that centers on organizational
performance.

The framework “is based on the premise that organizations behave as adaptive
systerns” (Rummler & Brache, 1995, p. 9). As such, each component in the organiza-
tion (e.g., people, tcols, processes, etc.) is Interconnected to the other components in
the system. (See Chapter 2 for a discussion of GST.) Rummler and Brache (1995)
think that PI practitioners must understand these connections in order to improve
performance and they specify the interdependent variables of performance in their
model. '

The model applies a systems view to three levels of performance: the organization
level, the process level, and the job/performer level. The model also inctudes three per-
formance needs: goals, design, and management. Rummler and Brache (1995) describe

these factors as follows:

- Goals—The organization, process, and job/performer levels must liave specific
standards that reflect custoiner expectations.

- Design—The structure of the organization, process, and job/performer levels
should include the necessary components, configured to enable the goals to be met
efficiently. '

- Management—ZEach of the three levels requires management practices that ensure
that goals are current and are being achieved. (p. 19)

Thie framework combines the three levels of performance with the three performance
needs to produce nine variables of performance. Rummler and Brache (1995) suggest
that managers can use their model to improve the performance of organizations, pro-
cesses, and individuals.

The Organizational Elements Model and Megaplanning

According to Kaufman, Thiagarajan, and MacGillis (1997) many approaches to perfor-
mance improvement are reactive because they respond to an existing problem. These
authors advocate for a proactive approach to PI that is designed to avoid performance
problems and assist organizations make positive contributions to society.

The Organizational Elements Model (see Table 9.2) is used to identify and align results
and their consequences (Kaufran, 2006, 2009). This model includes three levels of orga-
nizational needs (i.e., results in performance): mega, macro, and micro. It also includes
two levels of quasi-needs: processes and inputs. There is an associated planning level for
each organizational element. Strategic, mega-level planning examines the entire orga-
nization in a societal context. The focus of megaplanning is organizational results and
their consequences for external clients and society. Organizations may decide instead
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Tahle 9.2 The Qrganizational Eleinenls Model

Name of the Organizational Brief Description and Level Type of Planning

Element of Focus

Mega The results and their consequences for external Strategic
clients and society (shared vision)

Macro The results and their consequences for what an Tactical
organization can or does deliver outside of itself

Micro The results and their consequences for individuals Operational
and small groups within the organization

Process Means, programs, projects, activities, methods,
techniques

Input Human, capital, and physical resources; existing

rules, regulations, policies, laws

Note: From Changes, Choices, and Consequences: A Guide 1o Mega Thinking and Planning by R. Kaufrnan, 2006, p. 38.
Copyright 2006 by Roger Kaufman. Used with permission.

to center on other levels of results. Tactical macro-level planning examines results and
their consequences for what the organization delivers. Operational micro-level planning
focuses on results and their consequences for inaividuals and small groups within the
organization. Gaps in processes and inputs (i.e., resources) are examined to the externt
they relate to results.?

Evaluation Models for Performance Improvement
Several models have been proposed to evaluate the impact of a performance improve-
ment effort. Three such models that provide a foundation to both ID and PI are exam-
ined below. These include:

»  The Four-Level Model of Evaluation;
«  An Integrated Model of Evaluation; and
+ A System for Assessing the Results of Performance Improvement.

The Four-Level Model of Evaluation

Donald Kirkpatrick originally developed his evaluation model in 1959 to assist manag-
ers determine the impact of training prografns (see Kirkpatrick, 1996). In addition to
determining the results of training for five decades, the mode! has been adopted by PI
practitioners to evaluate different types of instructional and noninstructional perfor-
mance interventions (Klein, 2002).

Kirkpatrick’s model includes four levels of evaluation: reaction, learning, behavior,
and results. {See Table 9.3.) Reaction is related to attitudes and perceptions toward
an intervention. It is typically measured using surveys and questionnaires. Learning is
connected to the acquisition of skills and knowledge, that is, does an intervention such
as a job aid or electronic performance support system assist workers gain new skills
or knowledge? Learning can be measured by performance assessments cr written

2 Refer to Xaufman (2006, 2009) for a detailed discussion of the Organizational Elements Model and levels of
planning.
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Talle 9.3 Kirkpatrick's Four-Level Mddel of Evatuation

Level Factors Mcasured Data Collection Techniques

Reaction  Attitudes and Perception Surveys and Interviews

Learning  Skills and Knowledye Performance and Achievement Tests

Behavior Transfer, Job Performance, and Application  Observations, Surveys, and Interviews

Results  Organizational Impact Return on Investment and Cost-Benefit Analysis

achievement tests. Behavior is synonymous with on-the-job application. Observations
and interviews are used to determiine if an intervention works in a job setting. Finally,
results are measured to determine it an intervention provides a positive return on invest-
ment. This includes financial and other outcomes that impact organizational success
such as quality, safety, and worker satisfaction.

Kaufman, Keller, and Watkins (1995) propose that societal benefits be added to
Kirkpatrick’s model to evaluate the consequences of an intervention on society and the
people in it. Factors such as self-sufficiency and work-life balance are indicators of the
effect of an intervention on the community.

Kirkpatrick’s four-level model of evaluation continues to have a profound impact on
ID and P1. According to Dick and Johnson (2007),

Kirkpatrick’s model can be used as part of beth instructional design and human per-

formance technology . . . It is often applied after training is completed to measure
reaction, learning, and subsequent behavior and results . . . Kirkpatrick’s model is
consistent with the performance technology approach . . . The long-term soluticn

should solve the underlying problem that led to the development of the solution. Thus
there is a direct fit with the four levels of Kirkpatrick’s model and the evaluation of the
solution to an organization’s performance problem. (pp. 101-102)

While Kirkpatrick’s evaluation model hias been used extensively over the past tive decades,
it s not without its critics. Some of those who find fault with the four-level model have
developed their own approaches to evaluate the impact of a performance improvement
effort. Two of these models are presented below.

An Integrated Model of Evaluation

Brinkerhoff (1988) suggests that Kirkpatrick’s model narrowly focuses on training dis-
crete skills that readily transferto the work environment. Heindicates that some programs
may not produce immediate results and laments that the impact of these efforts would
not be detected using the four-level evaiuation model. Brinkerhoff further proposes that
the Kirkpatrick model is biased toward bottom-line outcomes and does not account for
evaluation of programs as they occur. In response to this criticism, Brinkerhoff offers a
six-stage, integrative model of evaluation.

Brinkerhoff (1988) states that these stages, “show whether and how programs benefit
an organization . . . {and] helps to trace any failures to one or more of the six stages”
(p- 67). The six stages of this model are:

»  Goal setting—Organizational needs, problems, and opportunities are identified.
This stage 1s similar to the performance analysis phase of most PI models.
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+ Program design—Key questions about what strategies will worlk are asked and
alternative designs arc considered. ’

+ Program implementation—Interventions are installed in.the organization and
cvaluated to determine if they are working as intended. This i1s analogous to the
formative evaluation component found in most ID models.

> Immediate outcomes—Tests of knowledge and performance are given to partici-
pants to determine if learning is affected.

> Intermediate or usage outcomes—The retention and application of a program or
intervention is examined. Questions about how an intervention is adapted are also
asked. This stage of the model is similar to summative evaluation.

- impactand worth—Programs and interventions are evaluated to determine if they
address the identified need, close the performance gap, and make a difference.
Confirmative evaluation occurs at this stage of the model.

It shouldd be obvious that someone following Brinkerhoff’s model is doing more than

v.ilualing a program or intervention after it has been designed and implemented. Like
- general model of performance improvement, P1 practitioners integrate analysis,
.1, implemnentation, and evaluation in a systematic way.

A System for Assessing Perforrnance Results
According to Swanson and Holton (1999):

‘Thewell known four-level evaluation model (Kirkpatrick, 1998) has failed the profes-
‘i for a number of reasons, but a key faillure is its emphasis on reactions versus the
findamental performance results of the host organization. (pp. 4-5)

‘s address this perceived failure, Swanson and Holton developed the Resulis
Assessment Systern, a model for measuring the outcomes of performance improve-
et This mode]l measures outcomes in three distinct domains: performance, learning,
and perception (Swanson & Holton, 1999). Performance results concentrate on the
organization and include mission-related outcomes such as the goods and services
that customers value. They also relate to the impact of performance improve-
ment strategies to the financial success of the organization. Learning results refer to
essential knowledge and expertise. These outcomes relate to individuals within an
organization. Perception results focus on participant and stakeholder views. Participants
are those with immediate experience with the organization’s systems, processes,
and products. Stakeholders are the leaders in the organization and other individuals
wvith a vested interest in the desired outcomes and methods of performance iraprove-
ment.

Swanson and Holton (1999) specify that their system is not an evaluation model
Decanse “Assessment of results is a core organizational process. Evaluation is optional”
p.8). While recognizing the distinction between assessment and evaluation, we think
swonson and Holton’s system is evaluative in nature because it fits Scriven’s (1991) idea
ihatevaluation can help determine the merit, worth, and value of a product or process.
urthier, the model 1s used to make data-driven decisions ‘that' may lead to increased
performance (Guerra-Lopez, 2007). We also think that evaluation is a critical, required
xmponent of systematic models of PTand ID.
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THE PHILOSOPHICAL ORIENTATIONS OF PERFORMANCE
IMPROVEMENT THEORY

An examination of the models, theories, and foundations of PI suggests threec main
philosophical orientations of performarice improvement: empiricism, pragmatism, and
humanism. These approaches are discussed below.

Empiricism relies on observation and verification to examine reality. (See Chapter
3.) Models and theories of performance improvement represent an empirical, scien-
tific orientation. According to Geis (1986) human performance follows specific laws
that can often be predicted and controlled. Furthermore, Thiagarajan (1997) indicates
that evaluation in PI is mostly based on the scientific method. As Stolovitch and Keeps

(1999) state:

HPT is grounded in scientifically derived theories and the best available empirical
evidence. It seeks to achieve desired human performance through means that have
been derived from scientific research, when possible, or from documented evidence,

when not. (p. 9)

Thus P, like ID, is a linking science in that it is not only influenced by theory and
research, but also by practitioner experience. FI relies on practical experience as well
as empirical research (Geis, 1986; Stolovitch & Keeps, 1999). This notion suggests that
theories and models of performance improvement are also influenced by the tenets of
pragmatism. That is, performance improvement theory reflects the belief that practical
findings can be used as the basis for knowledge and meaning. Discussing the role of
pragmatism in managing continuous improvement, Emison (2004) writes:

Pragmatism connects means and ends with the requirements that both be subjected
to validation based upon actual rather than theoretical conditions . . . [it] looks to
knowledge based on direct, particular experience. (p. 57)

PI alse relies on the philosophy of humanism due to the influence of organizational
development theory (Dean, 1999; Rosenberg et al, 1999). Alveson (1982) indicates
that humanistic organizational improvement focuses on intrinsic motivation, personal
growth, and well-being. He writes, “Humanistic organization theory stress[es] the
idea of creating organizational structures and leadership doctrines around the self-

actualization theory as a universally applicable management strategy” (p. 117).

PERFORMANCE IMPROVEMENT AND INSTRUCTIONAL DESIGN
While PI and ID share many of the same theoretical underpinnings, each area informs
and impacts the other. This section discusses some of the influences of performance
improvement on ID.

Performance Improvement’s Role in Instructional Design
Competency Development
& recent competency study conducted by Klein and Fox (2004) shows that academics
and practitioners in the ID field think the following PI skills are essential:
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Dyistinguish between performance problems requiring instructional and nonin-
siructional solutions.

+  Condueta performance analysis for a specific situation to identify how and where
vertormance should change.

- tvaluate performance improvement interventions to determine whether they solve
an 1dentified problem.

»  Conduct a cause analysis for a specific situation to identify factors that contribute
to a performance gap.

- Select a range of possible performance interventions that best meet needs revealed
by performance and cause analyses.

- Assess the value of a performance improvement solution in terms of return on
investment, attitudes of workers, and client feedback.

> Tdentify and implement procedures and systems to support and maintain perfor-
inance improvernent interventions.

Purthermore, organizations such as the International Board of Standards for Training,
~ verformance and Instruction have also identified ID competencies that reflect an empha-
sis on improving job performance and on solving organizational problems (Richey,
Flelds, & Foxon, 2001). These competencies focus on needs assessment, environmental
and cause analysis, noninstructional solutions, and confirmative evaluation as well as
applying business skills to managing ID projects. As Richey etal. (2000) note PIserves as
a foundation for competence in the ID field today.

Academic programs are ensuring that students obtain proficiency in applying these PI
praciices (see Dick & Wager, 1998; Klein, 2010; Medsker, Hunter, Stepich, Rowland, &
Basnct, 1995). For example, a review of 11 well-established graduate ID programs reveals
i1t all of them offer at least one course focused on performance improvement (Fox &
Klein, 2003). These findings suggest that PI practices are becoming more common in the
repertoire of instructional designers.

Expansion cf Front-End Analysis

Anapplication of PI that impacts ID is the expansion of front-end analysis. While analy-
sis is one of the main components of the generic ID model, designers typically conduct
analysis to define what is to be learned from instruction by using techniques such as
job, task and content analysis (Seels & Glasgow, 1998). The PI perspective expands this
notion of analysis. As Seels and Richey (1994 ) state: “Performance technology approaches
may cause a broadening of the designer’s role to include identifying aspects of the
problem that are not instructional and working with others to create a multi-faceted
solntion” (p. 59).

Rossete (1999) distinguishes between training needs assessment (i.e., a process for
determining what is in and what is out of an instructional program) and performance
aatysis (i.e., a process for partnering with clients to figure out what it will take to
achicve their goals). She further proposes that training needs assessment identifies the
cequirements to develop a tangible solution such as classes, job aids, and coaching, while
performance analysis identifies opportunities and problems and results in a solution
system.

Dick, Carey, and Carey (2009) also make a distinction between needs assessment and
pertormance analysis:
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Needs assessment is an indispensible tool for solving problems, but the performance
technologist would take a different mind-sct into the problem situation and do some
analysis before deciding that training should be provided. In common terminolog
this mind-sct is called critical thinking . . . Instructional designers . . . must cultivate
this critical thinking mind-set to be effective performance analysts. (p. 18)

In addition, Dick et al. (2009) and Tessimer and Richey (1997) propose that design-
ers should analyze the performance context (1.e., the setting where skills taught
during instruction will be transferred) prior to developing instructional solutions.
Context analysis examines factors such as the relevance of skills to the workplace,
resources, incentives, managerial/supervisor support, and the physical and social aspects
of setting where the skills will be used. Performance context analysis is analogous to
the environmental analysis and cause analysis components found in the general model

of PL.

Strategies to Promote Transfer

Another influence of Pl to [D is a focus on instructional strategies for promoting trans-
fer of knowledge and skills to the work environment. Rossett (1997) suggests that prein-
structicnal strategies can strengthen the link between training and performance. Thesc
strategies ask participants to screen their work setting before coming to training and to
reflect on how prepared their organization is for them to transfer what is learned during
training. Garavaglia (1993) notes thatinstructional designers can increase the likelihood
of transfer by using many, varied examples from the setting where knowledge will be
applied. Sedlik, Magnus, and Rakow (1980) suggest the use of transfer exercises, drawn
from an analysis of the performance objectives of an instructional program, that require
learners to apply objectives to real worid settings. Finally, Klein, Spector, Grabowski,
and de la Teja (2004) indicate that competent instructors in face-to-face, online, and
blended settings use instructional strategies to promote transfer. These include using
exampies relevant to the setting in which skills will be applied, demonstrating how
knowledge can be used in a realistic setting, providing opportunities for participants to
plan for future application, and exploring with learners the conditions that may impact
transfer.

TRENDS IN THE APPLICATION OF PERFORMANCE IMPROVEMENT
TO INSTRUCTIONAL DESIGN

There is evidence that many companies and organizations are making the transition
from training to PI (Conn & Gitonga, 2004; Rossett & Tobias, 1999). Some organizations
are stressing ideas such as performance analysis, solution systems, cross-functionality,
customer expectations, and shared knowledge (Rossett & Tobias, 1999). Others are turn-
ing toward noninstructional interventions like electronic performance support systems
(EPSS) and away from training solutions {Nguyen & Klein, 2008).

Over a decade ago, some authors predicted that PI and ID will converge, especially
in corporate settings. For example, Rosenberg (1995) argued that training and educa-
tion should follow the paradigm shift prompted by PI and suggested that we should pay
attention to “solving business, not educational problems” (p. 94). Furthermore, Sherry
and Wilson (1996) forecasted that PI and ID will become even more closely aligned.
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They stated “the fields of ID and HPT are moving along parallel tracks . . toward greater
reliance on tools and technologies to support fearning and performance” (p. 24). More
recently, Reiser (2007a) wrote:

During the 1990’s and into the twenty-first century, a variety of developments have
had a major impact on instructional design principles and practices. A major develop-
ment has been the increasing influence of the human performance technology move-
ment ... This movement, with its emphasis on on-the-job performance (rather than
on learning), business results, and noninstructional solutions to performance prob-
lems has broadened the scope of the instructional design field. (p. 28)

\We think that current trends in the field provide evidence that PI and ID are closer
together than ever before. Next, we describe two of these major developments.

Improving Performance with a Range of Interventions

2T includes a range of interventions to improve individual and organizational perfor-
mance (see Hutchison & Stein, 1998; Langdon et al., 1999; Sanders & Thiagarajan, 2001;
Vadivelu & Klein, 2008; Van Tiem et al., 2001). Recent developments in [D “clearly
soints to the efforts that many professionals in the field are placing on improving human
performance in the workplace though a variety of instructional and noninstructional
means” (Reiser, 2007b, p. 7).

Some leaders in the field advocate moving away from training as a solution because it
is overused and sometimes applied to problems that cannot be solved using instructional
interventions. For exampie, Brethower (2000) asserts:

The fact is that many HP technologists view training as a last resort, to be employed
only when no other means of achieving improved performance will work. Even when
instruction is required it is frequently only one among a number of interventions
employed to address a problem or realize an opportunity. (p. 319)

However, a recent survey of professionals involved with training, learning, performance
tmprovement, or similar functions within their organization reveals that instructional
interventions are used more often than noninstructional imterventions (Vadivelu &
Klein, 2008). These findings hold constant across respondent groups from the United
States and South Asia. However, practitioners from the U.S. are significantly more likely
to indicate use of instructional interventions (e.g., training and distance learning), while .
professionals from South Asia are significantly more likely to report the use of human
resource development interventions (e.g., staffing, selection, performance appraisats,
and leadership development), work design interventions (e.g., job specifications, qual-
1ty control, and ergonornics), organizational communication (e.g., information systems
and networking), and financial system interventions (e.g., financial forecasting, capital
investrment, and mergers and acquisitions).

A sct of PI interventions that is receiving the attention of many in the field is perfor-
mance support systems. Depending on the nature of support, these systems can be clas-
sified as instructional or noninstructional (McKay & Wager, 2007). They can take many
forms including just-in-time training, job aids, and EPSS.

A number of organizations are now using EPSS1in order to reduce the cost of develop-
ing training and to minimize the time their employees spend away from the job when
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attending in-class or online training (Clark & Nguyen, 2007; Nguyen & Klein, 2008).
For example, Pulchino (2006) reports that 69 percent of online training developers who
belong to the eLearning Guild plan to embed performance support directly into séfiware
tools and work interfaces.

EPSS provides users with “individualized on-line access to the full range of . .. sys-
tems to permit job performance” (Gery, 1991, p. 21). According to Nguyen and Klein
(2008) common instances of EPSS include search engines that allow performers to look
for information to solve a performance problem, embedded help systems to assist a per-
former in completing a task, a printed job aid with clearly defined steps to complete an
infrequent task, or systems that simplify or automate cornplex tasks for the perforiner.
EPSS centers on supporting performance while work is being performed rather than
beforehand as with training.

Nguyen and Klein (2008) conducted a study to investigate the claim that EPSS is more
effective than training to support performance. Findings revealed that users receiving
an EPSS only and those receiving an EPSS along with training performed significantly
better on a procedural task than users who received training only. These authors call for
additional empirical studies of performance support systems due to the increased use of
these interventions in work settings.

Changes in Evaluation: Focusing on Organizational Results
and Continuous Irnprovement

Evaluation is one of the main components of the generic ID model. (See Chapter 2.)
However, trends in the application of PI to ID are changing the view of evaluation in
the field. For example, Dick et al. (2009) expand the concept of formative evaluation by
including an examination of the performance context (i.e., the location where learned
skills are ultimately requircd). This type of formative evaluation includes assessing
whether skills taught during instruction are retained and used in the performance setting
and whether application of the skills has a desired impact on the organization.

Furthermore, PI now moves from formative and summative evaluation to confir-
mative evaluation. According to Dessinger and Moseley (2004), confirmative evalu-
aiton goes beyond formative and summative evaluation to center on transfer of skills
taught during training to on-the-job application, organizational impact, and return
on investment. These authors point out that evaluation methods in use today such as
outcome evaluation, impact evaluation, and “even level four of Kirkpatrick’s four lev-
¢ls of evaluation is confirmative evaluation by another name” (p. 9). Shrock and Geis
{1999) also indicate that evaluation today focuses on utilization and resulis. Rothwell
{1996) further notes, “Top managers .. .demand accountability. They are also demand-
ing cvidence that training produces change that translates into bottom-line results”
{p. 283).

A related PI trend is continuous quality improvement. Almost two decades ago,
Seels and Richey (1994) wrote, “The quality improvement movement will affect the
evaluation domain” (p. 59). More recently, Van Tiem et al. (2004) noted this trend
by stating: “Today, with the impact of the quality movement on evaluation, practitio-
ners within the instructional and PT environments are beginning to accept that quality
control requires continuous evaluation” (p. 176).

Thus, confirmative evaluation and quality improvement, along with other PI trends
such as expanding analysis techniques and utilizing a range of instructional and

oo
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noninstructional support systems, are impacting the practices of instructiong] designers.
11t the next section, we examine the how research influences performance Improvement
nractices.

RESEARCH, PERFORMANCE IMPROVEMENT THEORY,
AND INSTRUCTIONAL DESIGN

1 relies on data to improve organizational and individual performan‘Cc. Research is
conducted throughout the entire performance improvement process to identify and
~uailyze opportunities, problems, causes, and solutions, to make decisions while design-
iy and implementing interventions, and to determine if strategies and processes are
successful. Stolovitch and Keeps (1999) claim that PT achieves desired results through
»o roaches that have been validated by research. Foshay, Moller, Schwen, Kalman, and
Lioney (1999) assert that research helps synthesize trends and discover new models, pro-
cesses, and technologies for improving performance.

_ However, like the ID field, there is a scarcity of research on PI models and interven-
dons (Klein, 2002; Richey & Klein, 2007). Some leaders in the performance improve-
ment field indicate that research must be better integrated into practice if findings are to
add value to PI (Brethower, 2000). Others suggest that the empirical foundations of PI
have not kept pace with actual practice and call for increased, targeted research activity
{Stclovitch, 2000; Sugrue & Stolovitch, 2000). Still others think P1 is in danger of becom-
ing 2 craft because many professionals identify solutions without collecting empirically-
fnsed research data (Kaufman & Clark, 1999).

Empirical Support for Performance Improvement Applications

Iaceatanalyses of the literature suggest that many in the field may be ignoring calls to
provide additional empirical evidence. For example, Klein (2002) discovered that only
36 percent of all articles published in Performance Improvement Quarterly (PIQ) from
1997--2000 included data to draw conclusions. A replication of Klein’s study conducted
by Marker, Huglin, and Johnsen (2006) revealed that the number of data-based articies
published in PIQ from 2001~2005 increased to 54 percent. Another replication of Klein’s
study by Conn and Gitonga (2004) indicated that approximately 20 percent of the
articles published in Educational Technology Research and Development (ETR&D) from
1999--2003 dealt with topics related to workplace learning and performance. However,
only five of these ETR&D articles reported empirical data. Taken together, these findings
are not adequate to address the problem outlined by Clark and Estes (2002):

"The harsh reality is that a significant number of very popular performance products
and remedies simply do not work . .. It doesn’t have to be that way . . . [if] you adopt
the results of solid performance research and turn it into practical and cost-beneficial
performance results in your organization. (p. xi)

Of course, the PI field is not completely devoid of research. Klein (2002) reports that
the focus of empirical studies published in PIQ center on professional practices, strate-
gies for training and instruction, transfer of training and learning, and workplace diver-
sity. He also indicates that less than half of the published studies in PIQ center on the
implementation of a performance improvement intervention and all of these except one
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examine instructional solutions such as classroom training. In their replication study,
Marker et al. (2006) reports that a mere 22 percent of empirical research in PIQ from
2001-2005 examined a PI intervention, with only seven of these studies centering on
noninstructional solutions. Furthermore, Conn and Gitonga’s {2004) replication study
shows that only one article on workplace learning published in ETR&D from 1999-2003
focused on a noninstructional intervention.

Recommendations for Continuing Research

According to Foshay et al. (1999), “Research is possible in HPT, but it is likely to empley
a variety of alternative paradigms” (p. 895). Dean (1994) further suggests that PI profes-
sionals make use of both quantitative and qualitative data, use observation not hearsay
to collect facts, and rely on direct, comparative, and economic measures. Studies of the
PI literature confirm some of these notions. Both Klein (2002) and Marker et al. (2066)
report that PI researchers use surveys, case studies, experiments, evaluation techniques,
and naturalistic methods to answer their questions. In addition, PI researchers often use
questionnaires to measure participant reaction and performance assessments to evalu-
ate learning outcomes. Application, transfer, and on-the-job performance are consid-
ered in soine studies, but they are seldom measured through direct observation (Klein,
2002). Finally, almost no studies in the PI literature examine financial outcomes using
measures of cost-benefit or return on investment (Guerra, 2001; Klein, 2002; Marker
et al., 2006).

These findings suggest areas for future research on performance improvement. First,
more studies should center on noninstructional interventions that are valued most by
PI practitioners. According to Fox and Klein (2003) these techniques include coaching,
communication strategies, EPSS, feedback and information, knowledge management,
process improvement, rewards and recognition, and strategic planning.

Future intervention studies should include direct measures of cn-the-job perfor-
mauce. Foshay et al. (1999) indicate that the effect of a performance intervention should
be judged by cumulative changes in individual behavior. However, examinations of the
Pl iiterature discussed above show that researchers mostly rely on self-report to measure
transfer. While observation is costly, and often prohibited by organizational constraints,
the increased use of direct measures would help inform practitioners about the actual
benefits of a particular intervention. Additionally, future research should examine the
impact of instructional and noninstructional interventions on organizations and soci-
ety. As reported above, very few studies currently include data on cost-benefit or return
on investment.

In addition, future studies should also attempt to validate PI models and their com-
ponents. Like ID models, many of the models and processes of performance improve-
ment are based on practitioner experience and hearsay rather than on rigorous empirical
study. PI models should be validated using a variety of methods including design and
development research (Richey & Klein, 2007).

SUMMARY

This chapter has examined models and theories of performance improvement and how
they contribute to the ID knowledge base: The chapter opened with a brief discussion of
the theoretical foundations of PI, including the impact of behavioral learning theory and
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Tahle 9.5 Instructional Design Domains and Elements Related to Performance improvement Theary

Learners and Learning Processes ]
+ The three main individual factors that influence performance are knowledge, capacity. and motives.

{earning and Performance Contexts

- Critical Contexts (orienting, transfer, and performance)

+ Relevant aspects of the performance context (on-the-job environments, organizational impact, and
return on investment)
Contextual Characteristics {physical resources and materials, managerial and supervisor support, and
socio-cultural)

Instructional and Noninstructional Strategics
- Improved Work Environment

Incentives and Rewards

Job and Organizational Structure Redesign

Performance Feedback

» Performance Support Systems

- Resource and Tool Modification

- Training

.

Designers and Design Processes
- Designer Characteristics (expertise and competence)
- Analysis {cause, cost, environment, gap, job, organization, problern, and performance)
+ Change Management
- Assessment and Evaluation (formnative, summative, and confirmative)
- Intervention Selection, Design, Development, and Implementation

Chapter 10 synthesizes the ID knowledge base and suggests a taxonomy as a concep-
rual framework for the field. A summary of the domains and elements of the 1D knowl-
edge base is provided, as is a conceptual model of ID.
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A TAXONOMY OF THE INSTRUCTIONAL
DESIGN KNOWLEDGE BASE

The ultimate gozal of this book s to describe the instructional design (ID) knowledge base.
This task involves not only providing the derails of the field’s major theory bases, but it
also requires summarizing and synthesizing this vast amount of information. We have
addressed the foundational theories of ID in previous chapters. In this final chapter, we
will summmarize this material through the development of a multifaceted taxonomy of the
ID knowledge base. ‘

‘We are not the first to attempt such a task. Caffarella and Fly (1992) constructed
taxonomy for the entire field of instructional design and technology (IDT). On a smaller
scale, Carrier and Sales (1987) devised a taxonomy for the design of computer-based
instruction and Knezek, Rachlin, and Scannell (1988) proposed a comprehensive taxon-
omy for educational computer use. Outside of our field, Greenbaum and Falcione (1980)
syuthesized the organizational communications research and then used these findings to
develop a taxonomy of their discipline’s knowledge base. This is closer to our task.

In this chapter we will:

- Explore the nature of taxonomies in general;
- Presenta six-part taxonomy of the ID knowledge base; and
- Discuss how such a taxonomy can be used by ID scholars and practitioners alike.

THE CHARACTER OF A TAXONOMY

Taxonomies have Jong been a staple of science, but they also are used in many other dis-
<iplines to define the components of their fields. For example, most educators are famil-
mr with Bloom’s taxonomy. (See Chapter 7.) Before presenting a taxonomy for the ID
Inowledge base, we will examine what taxonomies are and how they can be useful.

The Development of Taxonomies

Greenbaum and Falcione (1980) define taxonomy as “a mode of inquiry into a given
subject field, involving the arrangement of objects or conceptsinto groups on the basis of
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their relationships . . . a systematic distinguishing, ordering, and naming of tvpe groups
within asubjecifield” (p. 2). This is our sense of the term, although some see taxonomyas
being a {ield in itself, the study of classification (Sokol, 1974).

There are two ways of thinking about taxonomies. The first suggests that the categories
of a taxonomy are real and fixed. This is known as essentialiem. The second orieniation,
materialism, views the categories as subject to change since many areas of discussion are
constantly evolving (Lyman, O’Brien, & McKern, 2002). ID taxonomies are more likely
to fall in the latter category since the knowledge and processes of our field change over
timie.

Melton (1964) notes that the construction ot taxonomies begins by observing the sim:-
larities and differences of objects and events. These observaticns lead to varicus groups
and subgroups. When one examines a final taxonomy, however, it is possible tc see over-
lap ainong the categories, and they may or not be hierarchical in nature (Sokel, 1974). As
understanding of events develop, taxonomies change as well. Thus, “a taxonomy reflects
the stages of development of a science” (Melton, 1964, p. 328). This is the materialism
point-of-view.

Taxonomy development is not casy. Bloom (1956) recalled that when he and his col-
leagues first began working on the taxonomy of educational objectives, they were not
even sure if objectives could be classified since they “were attemipting to classify phe-
nomena which could nct be observed or manipulated in the saime concrete form as the
phenomena of such fieldsas the physical and biological sciences” (p. 5). Nonctheless, they
concluded that since beliaviors found in objectives could be observed and described, they
could be classified.

There are various ways to establish classes of similar objects or events. It can be done
through the scientific study of the objects, such as in biology where the taxonomies iden-
tify phylia, families, and species. It can be done statistically using techniques such as clus-
ter analysis. Sokol (1974) refers to this as computer classification and cites examples of
this approach being used ini many disciplines, including psychiatric diseases, economics,
and market research. Both of these approaches result in what has been called empirically
constructed taxonomies (Greenbaum & Falcione, 1980).

1Iowever, laxonomies can also be theoretically constructed when the initial catego-
ries are inferred from collected data. These taxonomies can then be empirically tested
by relating them to the existing literature (Greenbaum & Falcione, 1980). Caffarella and
Fly’s (1992) taxonomy of the IDT field was theoretically constructed and then tested by
mapping 1518 dissertations from 46 institutions onto the model to determine if the tax-
onomy adequately represented the field. Our ID taxonomy is theoretically constructed
based upon an analysis of the theories, research, and practical applications that we have
described in the previous chapters.

Taxonomies can take many forms. Bloom’s (1956) taxonomy is sinply an outlined list.
Caffarella and Fly’s (1992) taxonomy of IDT is a three-dimensional cube with cells high-
lighting the various parts of the field. Carrier and Sales’s (1988) taxonomy of computer-
based instruction 1s a table which identifies general variables, theirdefinitions, and sample
elements. Greenbaum and Falcione’s (1980) taxonomy consists of major elements, their
related major classes, and the related subclasses. Our ID taxonomy is similar to that of

Greenbaum and Falcione.
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The Purpose of Taxonomies

Taxonomies serve marny purposes. Their principle objective is to show the structure of
similar objects and the relationships between groups of similar itemns (Sokol, 1974). For
example, Bloom and his colleagues built their taxonomies to facilitate communication
among educators. Caffarella and Fly’s taxonomy was part of an effort to build a knowl-
edge base of IDT and thereby define the field.

Taxonomies also have important roles in research. Caffarella and Fly (1992) note that
taxonomies can “expose gaps in knowledge . . . and holes in research or theory” (p. 98).
“reenbaum and Falcione (1980) constructed their disciplinary taxonomy to consolidate
carch findings of the organizational communications field. Moreover, Sekol (1974)

suggests that:

.. . the principle scientific justification for establishing classifications is that they are
heuristic (in the traditional mean of this term as “stimulating interest as a means of .
furthering investigation”) and thai they lead to the stating of a hypothesis which can
then be tested. (p. 1117)

A class structure itself can lead to a general interpretation of events, and thus the
wxonomy can facilitate theory construction in addition to specific research projects.
We think our taxonomy of the ID knowledge base could serve many (if not all) of these
purposes.

THE TAXONOMIES OF THE INSTRUCTIONAL DESIGN
KNOWLEDGE BASE DOMAINS

e view the knowledge base of ID in terms of six domains:

+  Learners and Learning Processes;

- Learning and Performance Contexts;

= Content Structure and Sequence; ‘
= Instructional and Noninstructional Strategies;

+  Media and Delivery Systems; and

> Designers and Design Processes.

i Ising the distinctions of Greenbaum and Falcione (1980), these general classes were
tireoretically constructed based upon our assessment of the literature rather than being
erapirically devised through scientific study. (See Chapter 1 for a discussion of this struc-
inye ) This framework was then expanded as we explored each major theory genre and
iclenified the many elements relating to these six domains. Our task here is to consolidate
ihese elements into six taxonomies, one for cach domain.

‘T'hese six taxonomies include two levels of elements, one which is very general (Level
i Y and the second which is more specific (Level 2). Level 2 elements are presented in two
ways: as lists of separate iterns or as behavioral statements. These elements have been
derived primarily from the domain and element tables included at the end of Chapters
2 through 9. However, the taxonomies are often devised using more specific terms than
ware used in the earlier chapters. In some cases, the elements are logical inferences derived
trom information in the other chapters. In each of these six taxonomies we have identified
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the theory bases which primarily support the various clements. Therefore, it is possible
to fairly quickly identify the key facets of the knowledge base and the source of their
validity.

We would like to add one final note. While these taxonomies are very conprehensive
and far reaching, they may not be perfectly complete. It is likely that at any given time one
could identify other aspects of the ID knowledge base that are not included. Thiswouldbe
expected given not only the complexities of the field, but its changing nature.

Learners and Learning Processes

For most designers the focus of D is on learners and learning outcomes. This requires an
understanding of the complexities of the learning process, as well as an understanding of
the many critical human dimensions which come into play. These many complexities are
described in the first ID taxonomy: learners and learning processes.

Learners bring a wealth of traits and cxperiences to an education or training setting
that play an important role in determining the success of the instruction. This includes
standard profile factors which summarize their backgrounds and capabilities, and the
many attitudinal factors that also have a powerful influence on learning. Many of these
attitudesimpact a person’s motivation to learn. Learnersalso bringa body of prerequisite
skills and knowledge to the instructional setting. These entry skills, as they are frequently
called, relate not only to the content of that particular instructional experience, but also
to the person’s skills as a learner. This mixture of cognitive and meta-cognitive skills is
critical to being successful in a teaching-learning situation.

Learning has been studied almostsince the beginning of formal education and yet there
is still little consensus as to what it actually is. These different positions result from dif-
fering philosophical and theoretical orientations, and different views of what learning
outcomes are most important. As these debates have evolvéd over the years, other schol-
ars have studied the mind and mental processes, and more recently they are studying the
brain itself in an effort to understand learning. In addition, real-life teaching-learning
situations have been studied in an effort to identify and understand the many factors
which impact how peoplelearn and perform in a variety of environments.

‘We have synthesized these many elements into the taxonomy of learners and learning
processes presented in Table 10.1. This taxonomy consists of six Level 1 elements:

» Learner Profile Characteristics;

*  Learner Affective Characteristics;

» Learner Entry Characteristics;

> Views of Learning;

» Cognitive Components of Learning; and
- Factors Impacting Learning.

These seven categories are in turn supported by 46 Level 2 elements which provide the
“nuts-and-bolts” detail for the taxonomy. For example, several views of learning are
discussed in the foundational literature including strengthening responses with rein-
forcement, facilitating internal conditions prompted by external events, and supporting
individual knowledge construction. These views, along with others, are included as Level

2 elements.
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Table 10.1 The Instructional Design Knowledge Base Taxonomy: Learer and Learning Process Domain

Level 1 Element

Level 2 Element

Supporting Theory Bases

Learner Profile
Characteristics

Ability

Aptitude

Background Experiences
Culture

Demographics

Early Instructional, Performance Improvement
Early Instructional, Media

Cemmunication, Learning, Media
Communication

Communication, General Systems, Mcdia

Learner Affective
Characteristics

Attitudes
Beliefs and Values

Desire to Learn
Expectancies
Motivation
Perseverance and Effort
Satisfaction

Self-Regulatory System

Communication, Early Instructional,
Constructivist Design, General Systems, Learning

Conditions-Based, Constructivist Design, Early
Instructional, General Systems

Comrnunicaticn, Early Instructional
Conditions-Based, Early Instructional, Learning
Conditions-Based, Early Instructional, Learning
Conditions-Based, Early Instructional
Conditions-Based

Constructivist Design, Learning

Learner Entry
Characienistics

Existing Mental Models and Schema

Prerequisite Knowledge

Prerequistte Learning Strategtes
Self-Knowledge
Seif-Reflective Skills

Constructivist Design, General Systems, Learning

Conditions-Based, Constructivist Design, Early
Instructional, Performance Improvement

Conditions-Based
Constructivist Design

Constructivist Design

Views of Learning

Alternative Types of Content Goals
Behavior Modeling

Construction of Scherma and
Mental Models

Generalization
Individual Knowledge Construction

Integration of Knowledge, Skills,
and Attitudes

New Knowledge Distributed
Across a Group

Response Strengthening with
Reinforcement

Series of Internal Conditions
Prompted by External Events

Transfer

Conditions-Based, Early Instructional
Learning

Conditicns-Based, Constructivisi Design,
Learning

Conditions-Based, Learning
Conditions-Based, Constructivist Design
Conditions-Based

Constructivist Design, Media
Learning
Conditions-Based

Conditions-Based, Learning, Performance
Improvement

{-ognitive
Components of
Learning

Alternative Types of Memory
Attention Mechanisins

Memory Traces

Mental Schema and Mental Models

Learning
Communication, Conditions-Based, Learning
Learning

Conditions-Based, Constructivist Design,
Learning
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Table 10.1 Continuved

Factors Impacting Consequences Conditions-Based, Learning, Performance
Learning Improvement
Context Coustructivist Nesign, Learning, Media
Guidance Conditions-Based, Constructivist Design
Information Load Communication, Learning
Motives and Incentives Performance Improvement
Organization of Messages Learning
Practice Early Instructional, Learning
Readiness Learning
Reinforcement Conditions-Based, Early Instructional, Learning
Retrieval Cues Learning
Rewards Learning, Performance Improvement
Split Attention Cominunication
Time Devoted to Learning Early Instructional
Time Required to Learn Early Instructional

Learning and Performance Coniexts

ID projects occur in a wide arzay of settings, ranging from preschool education to mili-
tary training. The breadth of application arenas demands that close attention be given
to context. The nature of the teaching-learning environments can greatly influence how
instruction is received. This is especially true if the environment is technology based.
While the instructional context is important, designers also must attend to the nature
of the environment in which performance is expected, whether that be on the job or in
1 social setting. In addition, learners are often greatly influenced by the environments
~hich shape their attitudes before instruction.

Designers must become adept at recognizing and attending to those contextual factors
hathave proven to have the most impact on both learning and performance. These fac-
ors vary widely. Learning is influenced by internal characteristics such as learner back-
round and socio-cultural effects, but it is also affected by external conditions such as
roup size or the physical resources and materials available.

Performance, often in the workplace, is frequently shaped by a different array of fac-
)15, such as managerial support, rewards, or incentives. However, one’s ability to transfer

ssons learned depends to a great extent upon the similarity between the learning and
ie performance context, and factors such as socio-cultural characteristics again play an
1portant role. ‘

Once again we have synthesized the learning and performance context elements into
‘axonomy, which is presented in Table 10.2. This taxonomy consists of four Level |
‘ments:

* Settings for ID;

*  Types of Contexts;

» Contextual Factors Impacting Learning; and
Contextual Factors Impacting Performance.

2se four categories are in turn supported by 26 Level 2 elements.
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Tahle 10.2 The Instructional Design Knowledge Base Taxonomy: The Learning and Performance Context Domain

Level 1 Element

Level 2 Element

Settings for [D

Business and Industry
Community Agencies
Government and Military
Health Care

Higher Education
Pre-X~12 Schools

Supporting Theory Bases

Constructivist Design, Early
Instructional, General Systems, Learning,
Performance Improvement

"Types of Contexts

[nstructional Context
Orienting Context

Technology-Based
Learning Environments

Transter and Performance
Context

Contextual Factors
Impacting Learning

Contextual Factors
Impacting Performance

Authentic and Complex Activities
Group Size

Interaction and Collaboration
Learner Background
and Characteristics

Locatien and Setting

Physical Resources and Materials

Socio-cultural Characteristics

Support Available

External Influences and
Constraints

Rewards and Incentives

Managerial and Supervisor
Support

Physical Resources and Materials
Relevance of Skills to Workplace

Return on Investment

Similarity Between Learning and
Performance Contexts

Socio-cultural Characteristics

Constructivist Design, Early Instructional,
General Systems, Learning

General Systems, Learning, Performance
Improvement

Communication, Constructivist Design

General Systems, Learning, Performance
Improvement

Conditions-Based, Constructivist Design
Media

Communication, Constructivist Design,
Learning, Media

Early Instructional, Learning

Learning, Media

Communication, General Systems,’
Media, Performance Improvement
Communication, Constructivist Design,
General Systems, Learning, Media,
Performance linprovement
Conditions-Based, Constructivist
Design, Learning, Media

General Systerns, Learning

Learning, Performance Improvement

General Systerns, Performance
Improvement

Cornmunication, General Systems,
Performance Improvement

General Systems, Performance
Improvement

Performance Improvement

Conditions-Based, Media, Learning

Communication, Constructivist Design,
General Systems, Learning, Media,
Performance Improvement
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Content Structure and Sequence

Another important component of the ID processis the content. Learners are the “who” in
instruction, while the content is the “what” learners should know or be able to do.

Over the years, instructional content has been described in a variety of ways, and clas-
sification systems have been developed to organize and explain the breadth of content
addressed in teaching and learning situations. For the most part, content has been seen in
terms of the type oftasks, skills, and learning goals in the instruction. The types oflearning
task, however, have been described in many ways. For example, content may be organized
and presented differently to the learner when teaching facts, concepts, or principles. At
times, a classification system has been developed for one major type of learning task, such
as problem solving.

Instructional content can be characterized in terms of its structure as well as the type
of information it covers. Language, either verbal or visual, serves as the primary build-
ing block of content siructure. However, the arnount and complexity of the content also
impacts the quantity of information a learner can learn and uitimately retain. Therefore,
designers must monitor how much content is presented and the form in which it is pre-
sented to facilitate successful comprehension of the instruction.

The order in which the content is presented also has a critical role in the instruc-
tional process. This sequencing of content is based on numerous factors, including the
increasing complexity of the learning tasks, the inherent order of a series of steps, or the
recommended order of learning activities. In addition, recent developments in con-
structivist learning environments allow the sequence of content to be controlled by the
learner.

We have synthesized these many elements into the taxonomy of content structure and
sequence presented in Table 10.3. This taxonomy consists of three Level 1 elements:

- Content Classification Systems;
» Aspectsof Content; and
» Basis of Sequencing.

These three categories are supported by 18 Level 2 elements which provide the detailed
components. :

Instructional and Noninstructional Strategies

A major part of ID involves selecting or creating the strategies that will be employed to
meet goals. Designers use many different types of strategies which serve a wide array of
functions. Moreover, the strategies can have unique characteristics. These strategies typi-
cally involve instruction of some type. We see instructional strategies as falling into two
groups, the first of which involves general delivery approaches (macro-instructional
strategies) and the second of which describes more specific tactics incorporated into indi-
vidual lessons (micro-instructional strategies).

At times designers realize that the problem they are addressing does notlend itself to an
instructional solution. Data point to the need for noninstructional interventions, or per-
haps to a combination of the two approaches. These interventions are the performance
improvement strategies. We feel that the inclusion of these strategies not only reflects the
ID knowledge base, but also the day-to-day realities of design practitioners working in

organizations with complex and pressing needs.
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Table 18.3 The Instructional Design Knowledge Base Taxonomy: The Content Structure and Sequence Domain

Level 1 Element

Level 2 Element

Supporting Theory Base

Content Classification
Systems

Aspects of Content

Cognitive, Affective,
Psychomotor Learning Tasks

Facts, Concepts, Principles,
Procedures

Integrated Goals
Remember, Use, Find

Verbal Information, Intelectual
Skills, Cognitive Strategics,
Motor Skills, Attitades

Well- and IlI-Structured
Problems

Conditions-Based, Early Instructional
Conditions-Based

Canditions-Based
Conditions-Based

Conditions-Based

Conditions-Based, Constructivist
Design

Information and
Cognitive Load

Visual Language
Written Language

Communication, Conditions-Based,
Learning, Media

Communication, Learning, Media

Conditions-Based, Communication,
learning

Basis of Sequencing

Content Elaboration

Generality, Exarnple, Practice,
and Testing

Hicrarchy of Learning Tasks

Job, Task, and Procedure Order
Learner-Controlled Sequence

Nine Events of [astruction

Part-Task and Whole-Task Strategies

Simple to Complex

Spiral Curriculum

Conditions-Based
Conditions-Based

Conditions-Based, Early Instructional,
General Systems

Conditions-Based, General Systerns
Constructivist Design ’
Conditions-Based
Conditions-Based, Learning

Conditions-Based, Early Instructional,
General Systermns

Conditinns-Based, Early Instructional

Finally, there are other important strategies that aid the instructional process and in
turn, learningand performance. We call these facilitation strategies. Facilitation strate-
gies have become increasingly important with the proliferation of e-learning environ-
ments and the dominance of the constructivist orientation among designers.

In summary, the instructional and noninstructional strategy taxonomy consists of six
first level elemments. These axe:

- Strategy Functions;

+  Strategy Characteristics;

*  Macro-instructional Strategies;

*  Micro-instructional Strategies;

* Performance Improvement Strategies; and
+ Facilitation Strategies.

The taxonomy also includes 48 Level 2 Elements. These provide a more detailed expla-
nation of that part of the knowledge base relating to strategies. The entire taxonomy for
instructional and noninstructional strategies is shown in Table 10.4.
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Table 10.4 The Instructional Design Knowledge Base Taxonomy: The Instructional and Noninstructional Strategies Domatin

Level 1 Element

Level 2 Elemnent

Strategy Functions

Acquire Knowledge and Skill

Eliminate Noise

Improve Job and Crganizational
Structure and Process

Improve Motivation

Iimprove Work Environment

Increase Learner Control of
Instruction

Provide Instructional Feedback

Provide Learner Guidance
Provide Performance Feedback

Provide Performance
Information

Recall Past Learning

Peceive Feedback

Secure and Focus Attention

Supporting Theory Bases .

Conditions-Based, Constructivist Design,
Learning, Performance Improvement

Communication

Performance Improvcmen[

Conditions-Based, Performance
Improvement

Performance Improvement

Consiructivist Design, Early Instructional

Communicaticn, Conditions-Based,
Learning

Conditions-Based, Constructivist Design
Performance Improvement

Performance Improvemsnt

Conditions-Based, Constructivist
Design, Learning

Communication

Communication, Conditions-
Based, Learning

Strategy Characteristics

Content Represented Through
Actions, Pictures and Symbols
Matched to Internal
Conditions of Learning
Matched io Type of

Learning Task

Early Instructional
Conditions-Based

Conditions-Based

Macro-Instructional
Strategies

Create Instructor-Led
Education and Training

Create Individualized
Instruction

Create Discovery Learning

Create Problem-Based
Learning Environments

Create Computer-Mediated
Instruction

Conditions-Based, Early Instructional,
Performance Improvement

Early Instructional, Media

Early Instructional

Constructivist Design, Early
Instructional, Learning

Conditions-Based, Constructivist Design

Micro-Instructional
Strategies

Chunk Content

Create Advance Organizers

Create Cognitive
Apprenticeships

Create Mnemorics

Create Problem-Oriented
Instruction

Learning

Learning

Constructivist Design

Conditions-Based, Learning

Constructivist Design, Learning
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Micro-Instructional Create Real-Life Activities Constructivist Design, Learning, Media
Stratepies, continued and Events
. Individualize Instruction Larly Instructional, Learning, Media
Model Desired Behaviors Learning

Provide Concrete Experiences Constructivist Design, Media

Provide Feedback Conditions-Based, Early
Instructional, General Systems, Learning

Provide for Collaboration Constructivist Design

Provide for Learner Motivation  Conditions-Based, Learning

Provide for Learner Practice Conditions-Based, Early Instructional,
and Rehcarsal Learning
Frovide Reinforcement Learning, Early Instructional
Provide Direct and Conditions-Based, Early Instructional
Developmental Instruction
Provide for Retention and Conditions-Based, Learning
Transfer
Provide Scaffolding Support Constructivist Design, Early Instructional
Shape Desired Behavior Learning

resformance Create Performance Support Performance Improvement

Improvement Systems

strategies Modify Resources and Tools Performance Improvement
Provide Incentives Learning, Performance Improvemeit
Redesign Jobs Performance Improvement

wecihitation Strategies Facilitate Active Participation Constructivist Design, Early Instructional,
Media
Facilitate Comununication Communication
Facilitate Interaction Communication, Constructivist Design,
Media

Facilitate Learning and Conditions-Based, Constructivist Design
Individual Knowledge
Construction
Facilitate Cnline Communication, Constructivist Design,
Communication Media

Media and Delivery Systems

“/hilemediahavealwaysbeenanimportant element ofinstruction, intoday’s technology-
i« u mxated society they play an even more pivotal role in ID. In addition to the tradi-
il print-based instruction and audio-visual aids, the computer’s many capabilities
ovide new avenues for teaching and learning. These include the use of interactive,
inputer-based materials and many applications of the Internet, computerized simula-
ftons, and social networking tools. Good designers are technologically competent.
Media selection, however, is not a simple process. Designers should consider a number
of different factors when making media decisions. These include instructional issues such
45 ihe nature of the content, the type of interaction expected, and the strategies that the
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media will complement. There arealso environmental considerations, including technol-
ogy management issues.

Learners, of course,arca major consideration wheén selecting and using media. Learning
with media is facilitated or impeded by one’s prior knowledge, abilities, and background
experiences. Moreover, affective elements such as attitudes and culture also impact
media use.

Media are not stand-alone tools. Rather they are incorporated into broader sys-
tems of delivering instruction. Common delivery systems currently employed include
online learning and computer-mediated environments, as well as many forms of
individualized instruction and instructor-led or facilitated instruction. Designers
should consider the interactions between media and these delivery systems when creat-
ing instructional interventions. Some of these factors are management issues, such as
cost and maintenance and facility requirements. Other factors are basic instructional
issues, such as the communication channel required or the capabilities of a particular

medium.

Tahle 10.5 The Instructional Design Knowledge Base Taxonomy: The Media and Delivery Systems Damain

Levei 1 Element Level 2 Element Supporting Theory Bases
Types of Instructional Computer-Based Materials Communication, Conditions-Based,
Media Constructivist Design, Learning, Media

Internet and World-Wide Web Communication, Constructivist Design,
Learning, Media

Printed Materials Communication, Media

Simulation and Virtual Reality ~ Communication, Conditions-Based,
Constructivist Design, Media

Social Networking Tools Communication, Constructivist Design, Media
Television and Film Communication, Media
Major Eiements of Content Media
Media Selection Models Cues Media
Environment Media
Instructional Strategies Media
Interaction Media
Learner Characteristics Media
Management Media .
Symbol Systems Media
Learner Characteristics Attitudes Communication, Learning
Related to Media Use Culture Communication, Constructivist Design
Perception Commurication, Constructivist Design,
Learning
Information-Processing Capacity Communication, Learning
Prior Knowledge and Communication, Constructivist Design,
Experiences Early Instructional, Learning
Profile Characteristics and ~ Communication, Conditions-Based,
Background Constructivist Design, Early Instructional,

Learning
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Types of Delivery Systems  Computer-Mediated Communicatian, Conditions-Based,

Constructivist Design, Learning, Media

Individualized Conditions-Based, Early Instructional,
Learning

Instructor-Led or Faalitated Communication, Conditions-Based, Early
Instructional, Learning, Performance
Improvement

Online Communication, Conditions-Based,

Constractivist Design, Media

factors Related to Media  Media Attributes and Capabilities  Media

and Delivery System Use  Communication Channel Communication
Cost Media
Language Communication
Maintenance and Technology ~ Media
Support
Message Design Comimunication
Resources and Facilities Media

The synthesis of the media and delivery system elements is shown in the taxonomy
presented in Table 10.5. This taxonomy consists of five Level | elements:

+  Types of Instructional Media;

- Major Elements of Media Selection Models;

- Learner Characteristics Related to Media Use;

*  Types of Delivery Systems; and

+  Factors Related to Media and Delivery System Use.

These five categories are in turn supported by 31 Level 2 elements.

Designers and Design Processes
The last domain of the ID knowledge base relates to designers and design processes. The

designers are the second “who” of the ID enterprise and the processes are the “how”.
Designers orchestrate the ID process, and their background and skills are important to
project success. Critical characteristics of the designer include his or her abilities to com-
municate and interact with all stakeholders involved in the design process, and to reflect
un the many aspects of the design task during and uponr completion of a project. This
expertise is dependent upon the quality and depth of their past design experiences, as well
5 their formal education in the ID process.

[D) itself can be viewed in a variety of ways. While most identify with the general sys-
tems approach, others rely upon a recursive appioach or an approach that insures the
marticipation of all stakeholders. In addition, there are more specialized design processes
;s uch as message design, motivational design, and rapid prototyping. Many of the general
orientations to design, however, address the same elements, although often in different
anners.

The first of these elements is analysis. This is a phase that addresses a variety of differ-
ent facets of a design project. It may include an examination of the learning task itself by
concentrating on jobs to be taught and how they are completed in a real-life setting. Or
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the analysis may be of the learning and performance environments, including resources
available, costs, or problems of the organization. Or the analysis may be of the learner—
the focus c¢f most I projects.

There are also specific tasks designers must perform. For example, designers typically
engage In tasks such as creating performance goals and behavioral objectives, selecting
media, and sequencing instruction. However, much of their time is devoted to devising
instructional strategies and activities that will facilitate learning. In today’s world, design-
ers are also routinely involved in devising noninstructional interventions which will solve
organizational performance problems.

The final element in the design process is determining and creating the assessment and
evaluation procedure and tools for instruction. This inay include the creation of specific
criterion-referenced test items, or identifying a process for general goal-iree or open-
ended assessment. A critical compenent of the ID process is measuring the effectiveness
of the instruction along with learner knowledge and performance. This evaluation may
occur during or after the design process.

Multimedia design and production is increasingly important in today’s market. This
process not only includes the use of computers and the Internet as a delivery method, but
also using computer-based design tools and techniques. Often, standard design concerns
(such as using visual language and directing student attention) take on new meaningina
technology-enhanced environment.

Table 10.6 The Instructional Design Knowledge Base Taxonomy: The Designer and Design Processes Domain

Level 2 Element Supporting Theory Base

Level 1 Element

Designer Characteristics  Ability to Comimunicate Communication, Constructivist Design

Ability te Gain Pasticipation  Constructivist Design

Ability to Reflect Constructivist Design
Design Experience Constructivist Design, Performance
Improvement

Design Expertise and Constructivist Design, General

Competence Systems, Performance Improvement
General Approaches Instructional Systems Design  Early Instructional, General Systems,
to Design Performance Improvement

Message Design Communication, Learning, Media

Motivational Design Conditions-Based, Learning,

Participatory Design Constructivist Design

Rapid Prototyping General Systermns

Recursive, Reflective Design ~ Constructivist Design
Objects of Analysis Authentic Tasks Constructivist Design

Cognitive Tasks
Content and Concepts

Context and Environment

Job, Task, and Performance

Learning

Conditions-Based, Constructivist Design,

General Systems, Learning

Constructivist Design, General Systems,
Learning, Performance Improvement

General Systems, Early Instructional,
Performance Improvement



Objects of Analysis,
continued

earner Characteristics

Organization and Cost
Performance Gaps

Problems and Problem
Causes

Design Tasks

Create Behavioral Objectives
Create Performance Goals

Create or Select
Noninstructional
Interventions

Crcate or Select Learner
Guidance Activities

Create or Select
Instiuctional Strategies
Plan for Assessment and
Evaluation of Learning and
Performance

Select Media to Implement

Strategies

Sequence Instruction

A Taxonomy of the ID Knowledge Base -

Conditions-Based, Constructivist Design,
General Systems, Early Instructional,

General Systems, Performance Improvement
General Systems, Performance Improvement

Constructivist Design, General Systems,
Performance Improvement
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General Systems, Early Instructional, Learning
General Systems, Performance Improvement

General Systems, Performance
Improvement

Conditions-Based, Constructivist Design,
Learning

Conditions-Based, Constructivist Design,
Learning, Media, Perfermance Improvement

Conditions-Based, Constructivist Design,
General Systems, Performance
Improvement

Conditions-Based, General Systems,
Learning, Media

Early Instructional, Learning,
Conditions-Based

Types of Assessment
and Evaluation

Confirmative Evaluation

Criterion-Referenced
Test Items

Formative Evaluation

Goal-Free and
Open-Ended Assessment

Summative Evaluation

Multimedia Design
and Development

Creare Learning Objects
Create Online Learning
Direct Student Attention

Use Computer-Based
Design Tools

Use Visual Language

General Systems, Performance Improvement

General Systems, Learning

General Systems, Performance Improvement

Constructivist Design’

General Systems, Performance Improvenient

General Systems

Media

Communication, Media
Conditions-Based

Communication, Media

Designer Characteristics;
General Approaches to Design;
Objects of Analysis;

Design Tasks;

Types of Assessment and Evaluation; and

Multimedia Design and Development.

‘We have synthesized these many elements into the taxonomy of designers and design
processes presented in Table 10.6. This taxonomy consists of six Level 1 elements:
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These six categories are supported by 38 Level 2 elements which again provide the sup-
porting details of the knowledge base.

USING THE INSTRUCTIONAL DESIGN KNOWLEDGE
BASE TAXONOMY

As awhole, these six ID domain taxonomies provide scholars and practitioners alike with
a conceptual model of the ID knowledge base. They are a consolidation of research and
theory; they also reflect the manner in which this theory has been applied to the design
of instruction. These taxonomies present a view of the field that can serve as a guide to
designers and rescarchers as well. We will now explore each of these functions.

Using the Instructional Design Taxornomy to Define Practice

We have defined ID as a very complex process. Not only are there many steps and deci-
sions to be made, but there are many participants, work environments, and resources.
Collectively, the sixID domain taxonomies provide a concrete model of the entire design
enterprise. While the taxonomies do reduce ID to its essential components, they none-
theless maintain the scope and complexities of the task and reflect the impact of learners,
designers, content, context, and available resources.

The Level 2 elements can be seen as presenting arrays of:

+ ID tasks and subtasks (e.g., provide practice opportunities, sequence instruction in
terms of job, task, or procedure);

+ Elements of ID decision making (e.g., learner culture, return on investment)

» ID options (e.g., create computer-mediated learning environments, use visual
language); and v

+  Alternative approaches (e.g., create performance support systems, participatery
design, open-ended assessment).

Thus, these knowledge base taxonomies, even though they stem from theory, can also be
used as tangible guides to 1D practice in many settings. '

However, the taxonomies provide another service to practitioners; they provide a suc-
cinct rationale for each design decision by means of the supporting theory bases. This is
the “know why” part of the knowledge base, and it provides solid ammunition for design-
ers on the firing line who often must justify their decisions to others who typically know
iittle about ID. While all elements of the ID taxonomy have some degree of theoretical
support, the amount of support varies. In some instances (such as with retrieval cues or
jobredesign) a Level 2 element is supported by only one theory base, and this may be logi-

cal and fitting,

Using the Instructional Design Taxonomy as a Research Guide
Throughout this book we have emphasized research: the basic research foundations of
the various theories that form the knowledge base, research supporting ID applications
of the theories, and the additional research necessary to advance the field. The domain

taxonomies can help active researchers in a number of ways.
In addition to serving as a definition of the ID field itself, one can view the various

taxonomy elements (especially the Level 2 elements) as variables to be addressed in



A Taxonomy of the 11D Knowledge Base - 183

research and theory construction. In an ideal world, each of these variables would be
suppurted by a robust empirical foundatien. For some, siich a foundation does exist.
Hoswever, even in these cases, new [D contexts often establish an excellent rationale for
~idditional research, For example, there isa rich research base on the use of feedback, but
there might be good reasons for studying the use of feedback in interactive online learn-
i1y ervironments. Other variables, such as performance support systems, have cnly a
snodizum of related research, and are obvious candidates for rigorous empirical activity.
The taxonomies highlight these areas of nceded research. What 1s not always apparent

whether the foundational theories themselves have a solid research base. This prob-
icry hiow been highlighted earlier in our discussions (e.g., with respect to performance
quprovement models and constructivist design theories). In these situations, additicnal
research is vital.

The variables found in the six ID taxonomies can also facilitate the systematic replica-
“oot T research efforts. Replication of existing research is an often undervalued taskin
our field, but one which 1s required to establish a firm empirical foundation for ID theory.
Uhe taxonomy structure helps to organize research efforts and could be used to gauge the

“oxtent to which a given variable has been replicated.

ID rescarchers should also direct their attention to gaps in the knowledge base. These
are sectors of the domain taxonomies where it appears that legitimate factors affecting
ID processes are missing. Such gaps may have materialized because of technologicai or
procedural advancements in the field, or even because of new ways of thinking. Research
is then required to empirically verify the role of these missing factors in the teaching-
“-arning process or in organizational improvement.

All of this additional research, of course, could take place without the ID domain tax-
oeomides. However, these taxonomies can facilitate and stimulate the process because
they “straplify variation by reducing it to a small, manageable number of kinds more
asily discussed” (Lyman et al., 2002, p. 14). Thissimplified description of what we know
about I makes it much easier to recognize the areas that should be studied further and
those topics that have already been empirically validated.

FINAL THOUGHTS

In this book we have summarized eight areas of theory that provide the basis of ID prac-
iice as we currently know it. These are:

> General Systems Theory;

+  Communication Theory;

» Teavning Theory;

- iarly Instructional Theory;

> Media Theory;

» Conditions-Based Theory;

> Gonstructivist Design Theory; and

» Performance Improvement Theory.

“Lhese theories encompass a wide range of thinking, much of which comes from other
velated disciplines. We have explored each theory, its underlying research, and its philo-
sopnical orientation. We have also described traditional and emerging ways in which
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these theories have influenced ID, and have made suggestions for [D research that can
further enhance the field.

The ultimate goal of this exploration of theory, research, and practice is to describe
the ID knowledge base. Thisis a knowledge base that is broad enough to encompass the
many attitudes and positions represented in the field. It also is comprehensive enough to
include factual, scientific, and procedural knowledge. Moreover, the ID knowledge base
illustrates the uncompromising link between theory and practice. We think our explora-
tion of the knowledge base meets these criteria. However, we arc also making a statement
about research and theory and the fieid of ID in this book. We believe that:

»  Theory, validated by empirical research, 1s the optimal basis for ID decisions.

- The demonstration of ID expertise 1s dependent upon knowledge of research and
theory, as well as technical and procedural skill.

+  The future of the ID field depends not only upon our theory, but on the quality of
our inquiry, the curiosity and ingenuity of our scholars, and the imagination and

creativity of our designers.
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ADDIE An acronym referring to the major stages in the generic ISD process: Analysis,
Design, Development, Imnpiementation, and Evaluation (Morrison, Ross, & Kemp,
2007, p. 13).

Advance Organizer General introductory information used to increase learner under-
standing of the text by facilitating recall of related prerequisite knowledge.

Affective Domain That area of learning devoted to developing attitudes, values, or
appreciations (Morrison et al., 2007, p. 429).

Analogical Picture A visual that portrays a companson between two entities.

Anchored Instruction A learner-centered instructional strategy in which students
become involved in a problem-based case study situated in a real-life setting.

Anti-Individualism A philosophy that emphasizes the role of the physical and social
environment in determining individual behavior and beliefs.

Aptitude An innate talent, skill, ability, or specialized previcus training that facilitates
or impedes learner performance.

Aptitude-Treatment Interaction A research framework for studying the interactions
between individual differences and variations in task parameter effects with the ulti-
mate goal of determining “which instructional methods were optimal for different
students” (Tobias, 1987, p. 208).

Assessment Instruments Materials developed and used to measure learners’ sta-
tus and progress in both achievement and attitudes (Dick, Carey, & Carey, 2009,
p-379). ‘

Asynchronous Learning Communication between learners and instructors that does
not take place simultaneously or in real time (Spector, Merrill, van Merriénboer, &
Driscoll, 2008, p. 817).

Attitude Internal states that influence the individual’s choices of personal action
(Gagné, 1985, p. 219).

Audio-Visual Aids Instructional materials or media that rely on both hearing
and vision for their effects, but loosely used to describe virtually all instructional
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materials and media other than conventional printed materials (Ellington & Harris,
1986, p. 17).

Authentic Activity Coherent, meaningful, and purposeful activities; the ordinary
practices of the culture (Brown, Collins, & Duguid, 1989, p. 34).

Behavioral Objectives Descriptions of observable and measurable activities which
demonstrate learner achievement following instruction, typically including three
components: the intended performance, the conditions related to the demonstra-
tion, and the criteria used to evaluate the performance,

Cause Analysis The process of determining the root cause of past, present, and future
performance gaps (Van Tiem, Moseley, & Dessinger, 2004, p. 207).

Change Management A process that involves leadership development, problem solv-
ing, and process consulting, typically occurring when large, organizational perfor-
mance issues are being addressed.

Channel A vehicle or medium of message transmission, typically in either audio or
visual form.

Chunking The clustering of information into meaningful groups to facilitate long-
term memory and recall.

Closed System  An organized structure of people, objects, and/or processes that is iso-
lated from its environment. ,

Cognitive Apprenticeship An instructionza! strategy that sets learning activities in
real-life contexts, endeavors, and interaction.

Cognitive Domain That area of learning devoted to acquiring information, knowledge,
and intellectual abilities relative to a subject or topic {Morrison et al., 2007, p. 429).

Cognitive Entry Behavior The knowledge and meta-cognitive skills students bring to
a teaching-learning situation.

Cognitive Load The impact of message structure on cognitive processing, including
the difficulty of the material {intrinsicload), the way the instruction is designed and
organized (extrinsicload), and the effort learners must exert to take the material and
construct a mental schema (germane load).

Cognitive Strategies The learned capabilities that enable us to manage our own think-
ing and learning processes {Gagné & Medsker, 1996, p. 73).

CognitiveTask Analysis A method ofidentifyingnonobservable instructional content,
typically focusing on knowledge and thinking processes that accompany observable
performance.

CollaborativeLearning Asituation in which large or small groups oflearners “develop,
cornpare, and understand multiple perspectives on an issue” (Karagiori & Symeou,
2005, p. 21) through activities such as sharing, discussion, peer teaching, or involve-
ment in learning communities.

Collaborative Technology Tools that facilitate interactions between learners and
between instructors and learners. .

Competency A knowledge, skill, or attitude that enables one to effectively perform the
activities of a given occupation or function to the standards expected in employment
(Richey, Fields, & Foxon, 2001, p. 180).

ComplexLearning Theintegration ofknowledge, skills,and attitudes; the coordination
of qualitatively different constituent skills, and often the transfer of what is learned
in the school or training setting to daily life and work settings (van Merriénboer &

Kirschner, 2007, p. 4).



Glossary « 187

Computer-Based Instruction A type of instructional material typically based upon
small discrete units of linked content; encompasses tutonals, guided practice, simu-
lations, and testing. ‘-

wmputer-Mediated Instruction  An instructional delivery system utilizing a variety
of computer technologies and resources and typically invoiving learner interaction.

Cencept A namc or expression given to a class of facts, objects, or events, all of which
have common features (Morrison et al.,, 2007, p. 430).

Conceptual Model A general, verbal description of a particular view of reality that is
typically supported by experience, deductive logic, or inferences from observations.

sfirmative Evaluation A type of evaluation that “goes beyond formative and sum-
iaative evaluation to judge the continued merit, value, or worth of a long-term train-
ing program” (Dessinger & Moseley, 2004, p. 204).

vomstructivism A philosophical orientation viewing knowledge as being individually
constructed and unique to each person; also a school of thought which holds that
learning occurs because personal knowledge is constructed by active learners who
derive meaning from their experience and its context,

‘ontent Scaffold A mechanism used to support students’ understanding of the sub-
ject matter, such as a tool directing students’ attention to key terms and principles.

“Jontext Data Information pertaining to the setting and environment in which design
and development occurs, or in which the intervention is implemented, or in which
the skills and knowledge are applied (Richey & Klein, 2007, p. 155).

Contextual Analysis A systematic process of identifying the critical elements of a
design and development setting or environment (Richey & Klein, 2007, p. 155).
‘ouperative Learning A process in which group members work together to accom-

plish shared goals.

“titevion-Referenced Assessment Techniques for determining learner mastery of
prespecified content {Seels & Richey, 1994, p. 127).

Cues  Audio, visual, or nonvisual details that direct attention to relevant aspects of
'tint and nonprint messages.

«oarviculum Continuity  The proposition that instruction and practice should con-
tinually recur so that students can learn important concepts and objectives.

Curriculum Integration A process of relating objectives and experiences in a particu-
lar subject matter to other content areas.

Dehvery System Macro-level instructional strategies; teaching muthods

d2sign and Development Research  The systematic study of design, development,
and evaluation processes with the aim of establishing an empirical basis for the cre-
ation of instructional and noninstructional products and tools and new or enhanced
wodels that govern their development (Richey & Klein, 2007, p. 156).

I rosipner Characteristics Those facets of the designer’s profile and experiential back-
ground that may impact the design and development process {Richey & Klein, 2007,
. 156).

Lo wsipner Decision-Making Research  Investigations of designer activities including
lesigner problem solving, designer thinking, and designer use of models; commonly
includes explorations of the differences between novice and expert designers (Richey
& Klein, 2007, p. 156).

Devyelopment The process of translating the design specifications into physical form
(Seels & Richey, 1994, p. 127).
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Discovery Learning A method of instruction in which a series of planned activities
lead students to prescribed content conclusions without the formal preJentatlon of
that information; often involves problem-solving situations.

Display A sequence of learning activities that combines the type of presentation with
the targeted level of performance and the targeted content; prominent in compo-
nent display theory.

Distance Education An educational program characterized by the separation, in time
or place, betwecen instructor and student and in which communication media are
used to allow interchange (Spector et al., 2008, p. 820).

Distributed Cognition A situation in which the information learned isallocated across
the members of a group rather than being confined to a single person.

Elaboration Strategies A sequencing process in which general ideas are followed with
various levels of content expansion, each of which provides additional content detail
or complexity.

Electronic Performance Support System (EPSS) An enabler of work tasks delivered
by electronic technology provided to individuals or teams at the time of need on the
job; typical support includes procedural guidance or references to factual informa-
tion needed to complete tasks {Spector et al., 2008, p. 820).

Empiricism A philosophical orientation that views knowledge as being derived from
experience and acquired through the senses and observation.

Encoding The process of converting an idea to be communicated into language, typi-
cally written or visual language.

Enterprise  Multiple types of learning tasks directed toward a coimnmon, integrated goal.

Enterprise Scenario An activity or project that relates various knowledge and skill
objectives to a final goal, and often to a larger project that encompasses this goal.

Environment The setting which provides the persons and nbjects which enter a sys-
tern, establishes the constraints upon a systeny, and receives the products of a systern;
also seen as a general learning or work context.

Epitome A generaj overview of a section of content; a component of elaboration the-
ory.

Equifinality The process by which a system reaches its final goals through interaction
with its surroundings.

Evaluation A process to determine the adequacy, effectiveness, worth, and value of an
Instructional or noninstructional intervention.

Expository Presentation Strategy Instruction that centers on telling students the
information to be learned.

External Conditicns of Learning The manner in which instruction is arranged; the
steps and activities involved in learning.

Extinction The elimination of a previously learned response through the systematic
removal of reinforcement.

Feedback Information about the ottcomes of a system which has been collected from
the environment and used to stabilize a system; also “information on goal attainment
designed to help workers, teams, or functional units monitor and evaluate their prog-
ress in achievement of desired accomplishments” (Spector et al., 2008, p. 820).

Formative Evaluation Gathering information on the adequacy of an instructional
product or program and using this information as a basis for further development
(Seels & Richey, 1994, p. 128); may also apply to noninstructional products.
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Four-Component Instructional Design (4C-ID}  An ID mode! developed by Jeroen
van Merriénboer that focuses on the integration and coordination of skills that make
up complex learning. .

Four-Level Model of Evaluation An approach developed by Donald Kirkpatrick to
assist managers determine the impact of training programs, includes the examina-
tion of reactions, learning, behavior, and results.

Front-End Analysis A process used to identify the needs of an organization and to
examine plausible alternatives to meet those needs.

Gap Analysis A technique used to identify and prioritize the difference between desired
optimal performance and current actual performance.

Generalization A process of transferring a given response to new stimuli that are simi-
lar to those used in the original training; also a process of developing abstract prin-
ciples from particular instances.

Generative Instructional Strategies Those activities which allow learners with exten-
sive prior xnowledge and well-developed learning strategies to control their own
learning.

Globalized Instruction Teaching and learning materials which are culture-free and
applicable to any group of learners.

Hard Scaffold Static learner supports which are planned in advance and based on
anticipated student difficulties,

Hermeneutics The artand science of interpreting verbal and nonverbal meaning from
the perspective of an individual’s culture and mindset.

Hierarchical Sequencing An arrangement of instruction in which “each learning
task becomes a prerequisite for the next task in the series and is, in turn, dependent
on the achievement of certain prerequisites in the previous tasks” (Bloom, 1976,
p. 27).

Humanism A philosophical orientation which emphasizes human welfare, emotions,
and feelings.

Idealism A philosophical orientation suggesting that reality is based upon the mind or
one’s ideas; it is typically contrasted to realism.

H1-Structured Problemn A dilemma that has multiple solutions, unknown elements,
and inconsistent relationships among its related concepts, rules, and principles.
Immersive Technologies Devices that replicate real-world experiences such as simu-

lations, games, virtual reality, and online worlds.

Individual Constructivism A belief that learning is the “result of a personal interpre-
tation of knowledge” (Smith & Ragan, 2005, p. 19) and cognitive reorganization.

Individualized Instruction A general teaching strategy in which content, instructional
materials, or pace of learning may vary for learners to accommodate individual dif-
ferences.

Information Feedback See Feedback.

Information Gatekeepers Individuals, groups, or materials that control access to or
distribution of new ideas, processes, and techniques.

Information Load The burden placed upon working memory by a message’s structure
and meaning, especially the number of words or amount of detail, redundancy, pre-
sentation rate, and sentence structure.

Inquisitory Presentation Strategy Instruction that centers on questioning students
rather than presenting information.
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Instructional Context The setting and environment in which teaching and learning
occurs.

Instructional Design The science and art of creating detailed specifications for the
development, evaluation, and maintenance of situations which facilitate learning
and performance.

Instructional Strategy A sequence of planned activities designed to lead to achieving
a given learning goal.

Instructional Systems Design An organized procedure for developing instructional
materials or programs that includes the steps of analyzing (defining what is to be
learned), designing (specifying how the learning should occur), developing (author-
ing or producing the material), implementing (using the materials or strategies in
context), and evaluating (determining the adequacy of instruction) (Seels & Richey,
1994, p. 129). _

Instructional Transaction A mutual, dynamic, real-time give-and-take between the
instructional system and the student in which there is an exchange of information
(Merrill, L1, & Jones, 1990, p. 9); typically consisting of multiple displays and mul-
tiple interactions with the learners.

Integrative Goal A combination of several individual objectives that are to be inte-
grated into a comprehensive purposeful activity (Gagné & Merrill, 1990, p. 23).
Intellectual Skiils Organizing and structuring facts for learning to form cencepts,

principles, rules, attitudes, and interactions (Morrison et al., 2007, p. 431).

Internal Conditions of Learning The mental processes which occur during an instruc-
tional situation, includes “previously learned capabilities” (Gagné, Briggs, & Wager,
1992, p. 9).

Internal Summarizer A series of activities at the end of a lesson that provide a review
of the lesson’s content, specific examples of the ideas presented, and sclf-test practice
situations; a component of elaboration theory.

Iniernal Synthesizer The part of a lesson which shows the relationships among the
various ideas that have been presented; a component of elaboration theory.

Intervention A planned instructional or noninstructional solution that facilitates a
change in performance.

Intrinsic Cognitive Load The impact of the message structure on cognitive precessing
due to the basic nature and difficulty of the material.

ISD  See Instructional Systems Design.

Job Analysis See Task Analysis.

Just-in-Time Information Content that is made available to workers without formal
instruction that enables them to complete the particular task at hand, typically in
electronic form.

Learner Analysis A process of gathering and studying learner characteristic data,
including factors related to general background and attitudes, prerequisite knowl-
edge and skills, and learning style.

Learner Characteristics Those facets of the learner’s experiential background that
impact the effectiveness of a learning process {Seels & Richey, 1994, p. 130).

Learning The relatively permanent change in a person’s knowledge or behavior due to
experience (Mayer, 1982, p. 1040).

Learning Community A group of people who share common values and beliefs and
are actively engaged in learning together and from each other.
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Learning Hierarchy A diagram which shows “descriptions of successively achievable
intellectual skills, each of-which is stated as a performance class” (Gagné, 1973, p.
21), ..

Learning Objects A representation designed to aftord uses in different educational
contexts (Churchill, 2007, p. 484).

Learning Path The sequence of activities that a learner selects and follows through
an instructional product; commonly pertains to computer-mediated instruction
(Richey & Klein, 2007, p. 158).

Linking Science A discipline which connects theory to practice.

Localized Instruction Teaching and learning materials that are culture-specific and
meet the needs of a particular group of learners.

Logical Picture A visual that presents factual information (e.g., a map).

Logical Positivism A philosophy that emphasizes the use of sensory data as a means
of determining truth.

Long-Term Memory The ability to permanently store, manage, and retrieve informa-

~ tion for later use.

Macro-Level Planning A tactical examination of organizational results and what the
organization delivers to its clients.

Mastery Learning  An individualized approach to instruction in which students work
at their own pace until they fullvachieve the stated objectives with corrective instruc-
tion provided to those with learning difficulties. :

Mathematical Model An equation or formula describing relationships between th
elements of a situation; typically accompanicd with a narrative explanation.

Media The physical means via which instruction is presented to learners (Reiser,
2007a, p. 18).

MediaEcology A philosophical and theoretical position that views media not as tools, but
rather as an environment that shapes perception, interaction, and social behavior.
Mega-Level Planning The strategic examination of an organization and its impact on

external clients and society.

Memory The mental faculty of retaining and recalling past experiences (Seel, 2008, p.
40).

Memory Trace A current representation of past events resulting from perception
and encoding of information; also a hypothesized biochemical change in the brain
resulting from responses to past stimuli. '

- Mental Model An internal representation of the world that shapes subsequent behav-
ior, based upon an individual’s experience.

Mental Schema See Schema.

Message Design  Plauning for the manipulation of the physical form of the message
(Grabowski, 1995, p. 226).

Meta-Analysis  The statistical analysis n{ a large collection of analysis results of indi-
vidual studies for the purpose of integrating the findings (Glass, 1976, p. 3).

Meta-Cognitive Scaffold A mechanism designed to facilitate learners as they plan and
monitor learning activities and evaluate and reflect on their own learning.

Micro-Level Planning An operational examination of organizational results and their
consequences for individuals and small groups within the organization.

Mnemonics A meaningful, often self-generated cue for retrieving information from

long-term memory.



192 . Glossary

Models Representation of idealized and simplified views of reality presented with a
degree of structure and order; also demonstrations of desired behavior.

Motor Skill An area of leariirag devoted to developing body movements.

Multi-channel Instruction Teaching-learning activities that deliver messages through
more than one vehicle or medium, typically both audio and visual.

Multimedia Instructional materials that utilize several different delivery resources and
tools, typically employing computer technologies.

Needs Assessment A systematic process for determining goals, identifying discrepan-
cies between goals and the status quo, and establishing priorities for action (Briggs,
1977, p. xxiv). ,

Negative Feedback Information which allows a system to function in a stable fashion
by keeping the system on course and maintaining a constant product.

Negative Reinforcement A process of increasing the likelihood of a desired response
by removing an unpleasant stimulus.

Noise Factors that interfere with the accurate reception of a message; may be physical,
cultural, or visunal.

Nonrecurrent Skill A novel aspect of a complex task performance which is unique to
a given problem situation.

Objectivism A philosophical orientation that maintains that reality exists indepen-
dent of individual interpretation.

Online Learning Instruction delivered using the Web, Interner, or other distance
technologies (Klein, Spector, Grabowski, & de la Teja, 2004, p. 127).

Open-Ended Assessment A testing situation which has a varicty of correct answers
often used to determine if learners understand and can use knowledge they have
constructed for themselves.

Open System  An organized structure of people, cbjects, and processes that “receives
inputs from the environment, transforms them through operations within the sys-
term, submits outputs to the environnient, and receives feedback indicating hiow well
these functions are carried out” (Rothwell & Kazanas, 2004, p. 11).

Operational Planning See Micro-Level Planning.

Organizational Development A process that “facilitates needed changes in an effort
to improve efficiency and competitiveness” (Van Tiem et al., 2004, p. 209).

Organizational Elements Model A systematic approach developed by Roger Kaufman
that 1s used to identify and align organizational results and their consequences.

Orienting Context The setting or environment that influences learner knowledge,
attitudes, and skills related to an instructional event. :

Part-Task Sequencing Strategy  An instructional sequence that breaks a complex task
into component parts, each of which are taught separately, and then combined into
the whole task.

Performance Analysis A process of partnering “with clients to identify and respond to
problems and opportunities, and to study individuals and the organization to deter-
mine an appropriate cross-functional solution systern” (Rossett, 1999b, p. 227).

Performance Feedback See Feedback.

Performance Gap The differences between optimal and actual knowledge and skills.

Performance Improvement A focus on improving individual, group, and organiza-
tional behavior and accomplishment through the use of a variety of interventions

(Richey & Klein, 2007, p. 159).
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Performance Objectives  See Behavioral Objectives.

Phenomenology A philosophical orzentation that suggests that reality is comprised of
objects and events as they are perceived by the individual and is not independent of
human consciousness.

Positive Feedback Information from the environment which allows a system to reor-
ganize itself.

Positive Reinforcement A process of increasing the likelihood of a response by pro-
viding a pleasant stimulus.

Practical Knowledge Information and understandings that are directed towards use-
ful ends, such as in the workplace or in everyday life.

Practice Science A discipline that has elements that are both theoretical and practi-
cal.

Pragmatism A philosophical orientation that reflects the belief that practical findings
can be used as the basis for knowledge and meaning.

Prerequisite Skills Knowledge and skills subordinate to the intended outcome of
instruction that are expected to have been mastered prior to the given instructional
event.

Primary Presentation Form Learning activities that focus on either generalities or
instances of the content and are conveyed either through direct presentation of the
content or questioning techniques; an element of component display theory.

P’roblem-Based Learning A student-centered pedagogical strategy that poses signifi-
cant contextualized, real-world, ill-structured situations while providing resources,
guidance, instruction, and opportunities for reflection to learners as they develop
content knowledge and problem-solving skills (Hoffman & Ritchie, 1997, p. 97).

©£1oblem Solving A high-level learning outcome building upon learned rules and
schema and resulting in the resolution of a dilemma as well as new knowledge and
possibly new cognitive strategies.

Procedural Analysis See Task Analysis.

Procedural Information A sequence of steps followed to complete a given task.

rocedural Models  Verbal or visual descriptions of how to perferm a task; derived
from experience or theory and often used as problem-solving guides.

Process Consulting A method of seeking and giving advice which “results in revising
processes and often involves reengineering or restructuring an organization” (Van
Tiem et al., 2004, p. 210).

:'wogrammed Instruction A type of individualized instruction in which the content
has been divided into small hierarchically sequenced units and learners are required
to correctly respond to each unit at their own pace before progressing through the
material. '

“sychomotor Domain  That area of learning devoted to becoming preficient in per-
forming a physical action involving muscles of the body (Morrison et al., 2007, p.
432).

~upid Prototyping  An instructional design methodology that “involves the develop-
ment of a working mode! of an instructional product that is used early in a project to
assist in the analysis, design, development and evaluation of an instructional inno-
vation” (Jones & Richey, 2000, p. 63).
TMaiionalism A philosophical orientation that emphasizes the role of reasoning in the

cieation of new knowledge.
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Realism A philosophical orientation that views sensed objects as representing those
actually existing in nature and are independent of the mind; the opposite of ideal-
ism. -~

Receiver Theories Explanations of the communication process that emphasize the
message being sensed and interpreted by the recipient as intended by the sender.

Recurrent Skill A routine aspect of a complex task performance that can be applied in
similar situations.

Reflective Feedback A process of elaboration which requires learners to justify their
respenses after the receipt of corrective information,

Reinforcement A stimulus event that increases the probability of a previous
response.

Representational Technology Devices, such as printed materials or film, that present
information and require only one-way interaction.

Rich Learning Environment An instructional setting which “encourages multiple
learning styles and multiple representations of knowledge from different conceptual
and case perspectives” (Karagiori & Symeou, 2005, p. 20).

RichMedia Advanced technologies that are capable of enhancing the communication
process by providing immediate feedback, multiple channel cues, language variety,
and a personal focus.

Scaffold A mechanism that provides learners with the support needed to extend their
capabilities into a new domain simultaneously allowing independent thinking.
Schema Organized knowledge structures in long-term memory representing generic

concepts.

Secondary Presentation Form An instructional event that elaborates upon the ini-
tial presentation of information, including items such as prerequisite knowledge,
mnemonic aids, feedback, or additional examples; an element of component display
theory. ‘ '

Self-Efficacy A beliefin one’s ability to complete a desired task.

Self-Knowledge A combination of one’s personal learning history and the common
knowledge of society.

Self-Regulating System  An organized structure that includes processes allowing it to
control its own outcomes usually through performance evaluation and modifica-
tion.

Sensory Memory The brief retention of information initially perceived; typically in
visual or auditory form.

Sequencing A process of ordering instructional content and activities.

Shaping The gradual training of organisms to perform a desired behavior by reinforc-
ing successive approximations of that behavior.

Short-Term Memory See Working Memory.

Situated Cognition A general approach to instruction that views concept acquisition
and development as a type of enculturation achieved by involvement in authentic
activities as opposed to an abstract presentation of information.

Social Constructivism The belief that “effective learning occurs via interaction with
and support from people and objects in the world” (Hickey, 1997, p. 175); also a
belief that meaning is negotiated from multiple perspectives.

Social Networking Technology Tools that facilitate collective intelligence through
social negotiation when participants are engaged in a common goal or a shared
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practice (Gunawardena et al., 2009, p. 6); includes media such as weblogs, podcast-
ing, audio blogs, and wikis.

Social Presence The extent to which people are felt to be physically present during
distance learning interactions.

Soft Scaffold A dynamic and situational support mechanism that requires teachers to
continuously diagnose learners so that the support is appropriate and timely.

Spiral Curriculum  An instructional program that addresses and builds on basic ideas
repeatedly until students fully grasp the content.

Split Attention A phenomena occurring during the learning process when instruc-
tional information is presented in audio and visual modalities.

Strategic Planning See Mega-Level Planning.

Structural Knowledge Knowledge of how concepts within a domain are interrelated
(Jonassen, Beissener, & Yacci, 1993, p. 4).

Subsumptive Sequencing The ordering of instructional tasks based upon their pre-
requisite relationships; often guided by a learning hierarchy.

Subsystem Organized component structures of a target system with identifiable, but

" more limited purposes and functions. '

Summative Evaluation Gathering information on the effectiveness of an instructional
or noninstructional intervention to make determinations of the worth of the interven-
tion or make recommendations about its retention (Richey & Kleir, 2007, p. 159).

Supplantive Instructional Strategies Those techniques which provide support for
students with low prior knowledge and few learning strategies.

Suprasystem An overarching, organized structure of people, cbjects, and processes
that includes a target system.

Symbol System  The manner in which information is structured and presented; may
include physical, cultural, or psychological representations.

Symbolic Models A graphical representation of an object used as 2 mathematical rep-
resentation of a process used for analysis and planning.

Synchronous Learning A form of communication where interaction occurs in real
time, using tools such as video-conferencing and chat (Klein et al., 2004, p. 129).

System A set of objects together with relationships between the objects and between
their attributes (Hall & Fagen, 1975, p. 52).

System Analysis A two-phased process which includes the identification of compo-
nent system parts, and the relationships among the parts and with the whole sys-
tern.

System Synthesis A process that creates new systems by either establishing new rela-
tionships among existing objects or processes, or identifying new objects or pro-
cesses and their relationships.

Systems Approach A scientific, systematic, and rational procedure for optimizing
outcomes of an organization or structure by implementing a set of related opera-
tions to study an existing system, solve problems, and develop new or modify exist-
ing systems (Ryan, 1975, p. 121).

Tactical Planning See Macro-Level Planning.

Task Analysis A process used to determine how a job or procedure is performed; typi-
cally used as a method of content identification.

Taxonomy The classification of data into a hierarchy to indicate their relationships
(Russ-eft, Bober, de la Teja, Foxon, & Koszalka, 2008, p. 171).
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Teaching Machine A mechanical device that delivers instruction, tests knowledge, and
provides immediate feedback; often involves programmed instruction.

Technology-Enhanced Learning Environment A learner-centered and learner-
controlled instructional setting in which “students acquire skills or knowledge, usu-
ally with the help of teachers or facilitators, learning support tools, and technological
resources” (Wang & Hannafin, 2005, p. 5).

Think-Aloud Methods A research strategy i which participants describe out loud
what they are thinking while carrying out a task (Richey & Klein, 2007, p. 160).
Transfer The application of knowledge and skills acquired through instruction, often

in a work environment.

Transfer Context The setting and environment in which information learned is
applied and used.

Transfer of Training  See Transfer.

Verification Feedback Information that confirms whether a response was right or
wrong.

Virtual Reality A computer-based environment that simulates real or imaginary
worlds and provides visual, auditory, or tactile experiences.

Visual Language A vehicie for presenting ideas through the use of pictures, graphics,
icons, or other nonverbal means; based upon principles of perception.

Web-Based Instruction See Online Learning.

Well-Structured Problem A puzzlingsituation that has aknown solution that requires
the application of a fixed number of concepts, rules, and principles.

‘Vhole-Task Sequencing Strategy An approach to sequencing in which the iraining
immediately starts with learning tasks based on the simplest version of real-life tasks
(van Merriénboer & Kirschner, 2007, p. 292).

Working Memory The short-term storage of a limited amount of information for
immediate use, rehearsal or encoding.
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