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Introduction

educational technology is the study and ethical practice of facilitating 
learning and improving performance by creating, using, and managing 
appropriate technological processes and resources.

There are no processes or resources to use or manage unless some-
one first creates them. This chapter deals with the activities and theo-

ries related to the whole complex process involved in creating instructional 
materials, learning environments, and larger teaching-learning systems.

The previous aeCt definition (Seels & richey, 1994) used the terms design, 
development, and evaluation to refer to the function of creating resources for 
learning. The current definition avoids those terms in order to reserve them 
to be used as technical terms to describe certain steps in the larger process of 
creation. People have generated successful teaching-learning resources with-
out consciously engaging in formal “design,” “development,” or “evaluation” 
activities. These terms tend to be associated with a particular approach—the 
systems approach. But design methodologies spring from many different 
approaches: aesthetic, scientific, engineering, psychological, procedural, or 
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systemic, each of which can be employed to generate effective materials and 
conditions for learning. 

it is the intent of this chapter to discuss many different ways of creat-
ing many different types of materials and systems for learning. The first 
half of the chapter shows how the meanings and the methods of creating 
have evolved as the spotlight has moved from one media form to another 
throughout the modern history of the field, with the different media bring-
ing different research issues and theories into the field. The second half of the 
chapter deals with the “big ideas,” including message design principles and 
instructional design models, that underlie the process of creating instruc-
tional media. The chapter concludes with a look at several contemporary 
issues related to creating. 

Evolution of Practices and Theories for Creating

Overview: New Media Trigger Paradigm Shifts

The field that would become educational technology began as visual educa-
tion, as educators explored the potentials of motion pictures and projected 
slides at the turn of the 20th century. as radio, sound film, and recorded 
audio developed, the field evolved into audiovisual (aV) education around 
midcentury. television in the 1950s added the new dimension of widespread 
broadcasting of aV programming. during this period, the field’s design and 
production focus was on the creation of presentations that were attractive to 
the eye and ear. educational film, radio, and television directors relied on 
creative imagination to capture the “wow” factor that viewers had come to 
expect from commercial versions of film, radio, and television. 

The first great paradigm shift occurred in the 1950s and 1960s, as the 
new psychological technologies spawned by applied behaviorism—behav-
ior management, teaching machines, and programmed instruction—con-
fronted the aV paradigm. The focus shifted to what learners were doing, not 
on what visuals they were watching, and so the focus of design and produc-
tion shifted from making aV presentations to creating learning environ-
ments in which learners had the opportunity to practice new skills under 
conditions of constant feedback. The field’s new name, educational technol-
ogy, reflected both the era’s new hard technologies—teaching machines and 
aV hardware—and its soft technologies—the theory-guided programming 
inside the machine. 

The second great paradigm shift occurred after the birth of microcomput-
ers in the early 1980s. Similar to the programmed instruction movement 
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of the 1960s, the information technology movement of the 1980s brought a 
whole new set of people, with a different mindset, into the domain of educa-
tional technology. Computer-assisted instruction (Cai) became the domi-
nant paradigm. 

Computer capabilities became networked through the internet in the 
early 1990s, greatly magnifying the potential educational value of comput-
ers. Then in 1993 mosaic’s graphical user interface (gUi) and later Web 
browser software allowed the World Wide Web to become by far the most 
popular internet protocol. Use of the Web grew exponentially for the rest of 
the decade. Because the Web made it easy for individuals to think and work 
collaboratively, and because it allowed anyone, anywhere to access interest-
ing computer-based exploratory environments (e.g., simulations and games), 
traditional design processes came under challenge. designers now were try-
ing to design experiences, not just materials, and their tools came from the 
realms of computer programming and cognitive science. By the early 21st 
century the field was into its third paradigm shift—from Cai to Web-based 
learning environments—and facing the possibility of a fourth, ubiquitous 
learning through mobile media. 

in the following sections, we will trace the evolution of the practices that 
constituted “creating” and the ideas that shaped practice as the spotlight 
moved from film, to radio and television, to aV materials, to programmed 
instruction, to Cai, to digital media, to internet and Web-based learning, 
and to blended learning and mobile media. 

Educational Film

The origins and early use of silent films in education in the 1910s and 1920s is 
discussed in chapter 8. during the 1930s, sound films competed with silent 
films but did not really become standard until after World War ii. 

Creating Educational Films. in the 1920s and 1930s, the creation of educa-
tional films was not explicitly guided by pedagogical theories or instruc-
tional design methodologies. Producers tended to choose subjects that were 
visual in nature, then to apply the methodology of one of the existing film 
genres—drama, travelogue, documentary, ethnography, historical reenact-
ment, nature study, scientific experiment or demonstration, lecture, proce-
dural guide, and the like—depending on what genre fit the subject matter. to 
begin the planning process, the overall approach to the film was described 
in a concise document known as a “treatment,” which could be considered 
an early version of rapid prototyping. The various gatekeepers on the project 
could decide at this point whether the approach was on target and within 
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budget. Changes could be made at the treatment stage before time and funds 
were expended on production. 

Subject matter experts and teaching or training specialists served as edu-
cational consultants, often sitting with the production staff in production 
meetings, discussing the content and the filmic techniques to be used prior 
to the development of a full script, the next major step in the planning pro-
cess. typically, they checked and approved the scripts as they evolved over 
time, a precursor of one aspect of formative evaluation. once a script was in 
place, it was possible to arrange the actual shooting of scenes. Sometimes, 
especially for educational projects, a storyboard was created to allow discus-
sion of and production of visual effects. after shooting came the editing of 
the scenes into a finished narrative or presentation. 

during World War ii, the need for “rapid mass training” of literally mil-
lions of combatants and industrial workers brought films to the forefront of 
military training. in the United States between 1941 and 1945, the division 
of Visual aids for military training produced over 400 sound films and over 
400 silent filmstrips (Saettler, 1990, p. 181). The participation of Hollywood 
directors and actors lent an artistic and professional patina to these training 
films, but pedagogical design was slower in coming. 

Underlying Research and Theory
Gestalt and cognitive theory. during the war, as films were being produced 

and used in training, the U.S. army commissioned a series of psychological 
studies, later published as Experiments on Mass Communication (Hovland, 
lumsdaine & Sheffield, 1949), which rigorously tested hypotheses about 
various filmic techniques and their instructional effectiveness. The hypotheses 
mainly revolved around the issues prominent in the gestalt and cognitive 
psychology of that time: providing an introduction to provide a mental set for 
comprehending and remembering the film’s message; pacing the presentation 
to suit the audience’s cognitive ability; choosing words and images to 
illustrate points as clearly as possible; controlling the density of visual and 
aural messages for comprehension; avoiding distracting cues; and using 
repetition and summaries to enhance retention. Because of the concentration 
of time, money, effort, and research expended on these productions, a genre of 
instructional film came into its own. new filmic conventions were established, 
for example, showing procedural tasks from the performer’s viewpoint rather 
than the viewer’s and using a first-person stream-of-consciousness narration 
to model the thought process of the performer. 

after the war, this line of research continued under U.S. navy sponsor-
ship at Pennsylvania State University, a research program known as “the 
Penn State studies” that yielded over a hundred publications (Hoban & Van 
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ormer, 1970). Some of the experiments dealt with utilization techniques, but 
many explored presentation variables, such as camera angles, pacing, narra-
tion, music, and color (Saettler, 1990, p. 246). 

Behaviorist theory. The U.S. air Force also commissioned a series of studies 
in the early 1950s; these explored the possible interactions between film and 
programmed instruction techniques—examining the value of learner response 
during films and other types of instruction. in its later years, the Penn State 
team also turned to studying the potential of combining film or video with 
behaviorist principles. Some of their experimental lessons looked like a pro-
grammed instruction lesson filmed and projected on a screen, with the audi-
ence asked to watch presentations of information, then hear or read questions 
about the content, to which they responded by writing an answer on a work-
sheet or silently thinking the answer before being told the correct response.

Curriculum theory. in the postwar period, many companies competed to 
provide educational films for the school market. a development that was 
emblematic of their approach was the decision of the mcgraw-Hill Book 
Company in 1947 to prepare a series of “textfilms.” The explicit purpose 
of these films was to supplement the textbook by providing special visual 
materials that could not be duplicated in textbooks or in teachers’ lectures 
(Saettler, 1990, p. 115). The textbook and films were accompanied by film-
strips and teachers’ guides, which suggested how teachers could integrate all 
these materials into a coherent lesson plan. From that point onward, films 
and videos were designed mainly as supplementary materials rather than as 
replacements for traditional materials.

although the formal research programs did not necessarily have a large 
practical impact on the design of educational films, they did bring new theo-
retical frameworks and vocabulary to the discourse about the creation of 
educational films, from psychological theories of perception, cognition, and 
operant conditioning.

Educational Radio and Television

as described in chapter 8, educational radio stations proliferated in the 1920s 
and 1930s. The first programs for schools in the United Kingdom were broad-
cast by the BBC in 1926. By the 1930s, radio programs tailored for school use 
were being broadcast by a number of city, state, and provincial authorities in 
the United States and Canada (as well as by the Canadian national railways, 
Cnr, system). Programs were produced on a broad range of subjects, from 
science and social studies to music and art.  
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Creating Educational Radio and Television. The programming tended to be 
“informally educative” (levenson & Stasheff, 1952) rather than directly 
instructional. Both radio and television services had difficulty carving out 
a distinctly instructional role, and hence tended to play a peripheral role 
in schools and colleges. For one thing, the advantage of broadcasting is its 
coverage of a broad area, but that meant crossing school district and even 
state and provincial boundaries. it is difficult to create any lesson that would 
meet the content, scope, sequence, and timing demands of multiple school 
systems. For another thing, teachers, the gatekeepers of the classroom, were 
reluctant to turn over responsibility for core subject matter, sensing that it 
would threaten their authority. 

after the popularization of video tape recording, later video cassette 
recording, educational television programming was increasingly created 
and used as off the shelf packaged units rather than being received through 
broadcasting. one of the leading creators and distributors of recorded tele-
vision programming was the agency for instructional technology (ait), 
beginning in 1962 as national Center for School and College television. 
during the 1970s and 1980s, ait became a major producer of instructional 
television series, many of them award-winning, for the K–12 sector, devel-
oping an innovative consortium process for pooling the resources of state 
education departments that bought into projects on a case-by-case and step-
by-step basis. after the demand for production of new series declined, ait 
continued to be a major distributor of instructional television programs in 
cassette, Cd, and dVd formats. 

in business and industry, broadcast radio and television were not used as 
such, but after the popularization of videocassettes in the 1970s, many com-
panies chose this format as a training tool. Until the late 1990s, nearly 70% 
of all U.S. companies used video recordings to some extent, either purchased 
off the shelf for generic objectives or locally produced for topics specific to 
the company (Bichelmeyer & molenda, 2006, p. 7). 

radio and television had a lot in common in terms of design and produc-
tion. They operated on the paradigm of the script, as with film, to create a 
self-contained package of information, usually intended to be communicated 
one way. as with educational films, radio and television programs tended to 
emulate the familiar genres: lecture, demonstration, voice-over visualiza-
tion, interview, panel discussion, dramatization, field trip, or documentary 
(Wood & Wylie, 1977, p. 259). The production processes were comparable 
to those used in commercial radio and television: “We borrowed from com-
mercial television certain ideas about what constitutes a program, and we 
have not shaken free from these concepts” (Suchman, 1966, p. 30). generally 
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speaking, the people who created educational programs had backgrounds in 
commercial radio and television. no other special expertise was considered 
necessary.

Underlying Research and Theory
Reflective practice. There was little attention to psychological research or 

theory on radio/tV program production until after World War ii. However, 
there were some exemplary practices that evolved through reflective practice. 
For example, the Cnr schools radio producers discovered in the 1920s that 
the incorporation of active audience participation vastly improved program 
usage (Buck, 2006). and in the 1930s, Cleveland schools radio programs 
were produced with questions, pauses for audience response, and answers 
to the questions. Such pseudointeractive radio programs were reinvented to 
teach mathematics and english in several countries in latin america and 
africa in recent years (Heinich, molenda, & russell, 1993). 

at the Cleveland, ohio Board of education’s radio station, WBoe, in the 
1930s, they pretested programs by creating rough drafts and trying them 
out with student audiences. This practice foreshadowed the later notion of 
improving artifacts and validating their worth through formative and sum-
mative evaluation (Cambre, 1981).

Communication theory. during the later days of educational radio and the 
earlier days of educational television, communication theory was a dominant 
paradigm both in the physical and social sciences. Flowing from Shannon 
and Weaver’s (Shannon, 1949) information theory, through Wiener’s (1950) 
cybernetics and Berlo’s (1960) “process of communication,” thinkers in edu-
cational technology were viewing teaching-learning problems as communi-
cation problems. The key variables were the natures, abilities, and intentions 
of senders and receivers; the capacities of different communication channels; 
the structure and content of the messages sent; the sorts of noise encountered 
in communicating; and the quality of feedback exchanged between receiver 
and sender. improvement of communication depended on detecting where 
the weak points in the process were and ameliorating them—choosing a 
more visual medium, building more redundancy into the message, match-
ing the receiver’s language capability better, providing the sender with better 
feedback about the receiver’s response, and the like. 

This conceptual framework fit quite well with the producer’s viewpoint 
because it addressed issues that were within producers’ span of control. They 
were in a good position to think about the audience’s needs and interests, to 
select the content and shape it into a message, and to choose a delivery 
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system. educators who used learning resources were not quite as satisfied 
with the communication paradigm because they were aware of the impor-
tance of what learners did with the messages after they were received. They 
saw communication as only one step in the process of instruction. 

Research on presentation variables. By the time that intensive studies were 
being done on presentation variables after World War ii, interest had shifted 
from radio and film to television. So, the guiding principles discovered 
through research were applied primarily to the production of broadcast tele-
vision programs or shorter videotaped sequences. in addition to the mili-
tary sponsored research, a great deal of university research was conducted, 
sparked by an infusion of federal grant money under title Vii of the national 
defense education act of 1958. one of the most ambitious attempts to sum-
marize this body of research was learning from television (Chu & Sch-
ramm, 1968). only a small proportion of the studies cited in the monograph 
deal with “pedagogical variables” related to design and production, includ-
ing such issues as humor, dramatic versus expository presentation, questions 
with pauses, problem-solving techniques, and lecture versus discussion for-
mat (pp. 28–37). other chapters deal with learning from television in gen-
eral, television in the context of the classroom, physical variables (e.g., screen 
size, viewing angles), utilization practices, attitudes toward instructional 
television, and lessons learned in developing countries.

The questions raised in many of the studies of this period were inspired 
by the practical concerns of production staff rather than by psychological or 
pedagogical theories. However, two streams of instructional theory stimu-
lated considerable experimentation: programmed instruction and discovery 
learning.

Research on learner response. The Penn State studies and the air Force 
studies discussed earlier attempted to create and test film and video materi-
als that embodied programmed instruction features. other research done 
with school and college audiences studied such issues as overt versus covert 
practice and the effect of knowledge of results, and found that it could 
work: “it has been established that television can be used in the ‘lock-step’ 
regulation of linear (Skinnerian) programming for groups of students. The 
television system submits cue frames, students make responses on printed 
answer sheets, after which the system provides knowledge of results” (tele-
vision in instruction, 1970, p. 9).

For the most part, the findings were impractical to implement in a mass-
media setting. The whole point of programmed instruction was to escape the 
whole-class arrangement and allow individuals to learn at their own pace, 
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while the economics of broadcasting demanded large audiences over which 
to spread the considerable production costs. 

interestingly, the case of pseudointeractive radio mentioned earlier is a 
counterexample. First, while educational radio was abandoned in the United 
States, it rose in prominence in the less developed countries after educational 
television projects proved unsustainable in the 1970s. Second, it demon-
strated that it was possible, with considerable trial and revision, to prepare 
programs that successfully incorporated student choral response and pseu-
doreinforcement of those responses (Friend, Searle, & Suppes, 1980). 

Research on discovery learning. around the same time as behavioral tech-
nology was having its largest impact on educational technology, the so-called 
Cognitive revolution was gathering steam, led by Jerome Bruner (1960). a 
major theme of Bruner’s was that learning is an active process in which learn-
ers construct new ideas based upon their existing knowledge. He argued that 
the function of school should be to provide conditions that will foster the 
discovery of relationships. This ideal suggested that television should be par-
ticipative rather than passive. it should ask questions, pose challenging prob-
lems, and spark discussion and search for answers. in short, it should trigger 
inquiry (mcBride, 1966). The discovery learning movement eventually led 
to the production of recorded series, especially in science and social studies, 
that portrayed problematic situations and invited learners to discuss them. 
This required a mindset change—viewing the visual presentation as part of a 
larger classroom activity rather than as a complete package in itself.

Research on children’s attention and comprehension. Beginning in the late 
1960s, the Children’s television Workshop (CtW) became the locus for 
major r&d activities related to the creation of educational television for 
children. The CtW developers were focused on the issues of how to cap-
ture and hold attention and then improve comprehension of televised 
material. They sought to teach basic cognitive skills and shape prosocial 
attitudes. led by Keith mielke, CtW pioneered in the systematic use of 
formative and summative evaluation to test the effects of various message 
design variables on attention and comprehension (Seels, Fullerton, Berry, 
& Horn, 2004, p. 257). 

over a period of several decades, CtW applied this r&d approach to the 
creation of a number of television series that were used in homes and schools, 
aimed at specific skills for different audiences: Sesame Street—cognitive and 
social development for preschoolers, Electric Company—reading skills for the 
early elementary school years, 3–2–1 Contact—scientific interests and atti-
tudes for the later elementary school years, and Square One—mathematics 
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at the elementary school level (pp. 300–301). later programs, such as Blue’s 
Clues continued the tradition of improving design through systematic test-
ing, and they extended further into promoting participation and active 
problem solving. 

Audiovisual (AV) Materials

Throughout the 20th century, a wide array of other types of auditory and 
visual materials were used for education and training. as described in chap-
ter 8, lantern slides were in use by the end of the 19th century and silent films 
were in use by the 1910s. The phonograph, then sound films, added audio 
to visual media in the 1920s. By the post-WWii period, two-by-two-inch 
slides, 35mm filmstrips, and overhead transparencies were standard parts of 
school and college aV programs in the 1970s, the audiocassette format dis-
placed reel-to-reel tape for amateur and educational recording. This format 
remained popular into the 21st century in many countries, although com-
mercial distribution of popular music moved to the compact disc (Cd) in the 
1990s in more technologically advanced areas. 

Creating AV Materials. Filmstrip and slide-set creation followed a pro-
cess similar to that of filmmaking. The developer began learning as much 
as possible about the topic, the audience, and the teaching objectives. This 
was done through reading and interviews with subject matter experts and 
other stakeholders, especially the client. The developer jotted ideas onto note 
cards, which were eventually arranged into logical clusters. as the structure 
of the filmstrip or slide set took shape, taking into account the “psychology” 
of the audience’s needs, a script could be written (Facts You Should Know, 
1965, p. 17). 

With the script in hand, a visual storyboard could be constructed, consist-
ing of thumbnail sketches of the visuals plus the accompanying text. ideally, 
a rough draft of the visuals in slide format and a tape recording of the text 
could be presented to a representative sample of the target audience to test 
their reactions. after making revisions, the final script and storyboard could 
be converted to a finished product using professional performers and pro-
ducers (Facts You Should Know, 1965, pp. 19–21). 

Underlying research and Theory. research on the creation of aV materials 
has revolved around three major issues: the perception, interpretation, and 
retention of visual images; the perception, interpretation, and retention of 
auditory material; and the interaction of the visual and auditory mecha-
nisms in multimedia formats. 
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most of the basic research on visual and auditory perception has been 
done outside the field of educational technology. The research inside the field 
received a major stimulus by the founding of the journal, audio-Visual Com-
munication review, in 1953 by the department of audio-Visual instruction 
(daVi), the predecessor of aeCt. Then the national defense education act 
in 1958 provided a flood of funding for aV research under title Vii. 

Space here does not permit an adequate summary of the sorts of research 
done or its findings, but some of this work is alluded to later under the 
topic of message design. dwyer (1972; 1978) provided early distillations of 
findings of research on improving visual learning, based primarily on the 
author’s systematic experimental studies at Pennsylvania State University. a 
recent and authoritative synthesis of visual learning research was provided 
by anglin, Vaez, and Cunningham (2004). a parallel review of research on 
auditory learning was provided by Barron (2004), and multimedia research 
was reviewed by moore, Burton, and myers (2004). 

Programmed Instruction and Teaching Machines

The field, which until the 1960s was generally known as educational media,the 1960s was generally known as educational media, 1960s was generally known as educational media, 
focused on the creation and use of auditory and visual materials to enhance 
instruction. The first great paradigm shift in the field’s central interest 
occurred when teaching machines and programmed instruction burst upon 
the public consciousness. B. F. Skinner (1954) presented his first teachingB. F. Skinner (1954) presented his first teaching 
machine based on operant conditioning principles, and major school dem-
onstration projects were underway between 1957 and 1962. 

Programmed instruction, whether presented in the format of a teaching 
machine or a book prescribedprescribed 

(a) an ordered sequence of stimulus items, (b) to each of which a student 
responds in some specified way, (c) his responses being reinforced by imme-his responses being reinforced by imme- responses being reinforced by imme-
diate knowledge of results, (d) so that he moves by small steps, (e) therefore 
making few errors and practicing mostly correct responses, from what he 
knows, by a process of successively closer approximations, toward what he 
is supposed to learn from the program. (Schramm, 1962, p. 2) 

The daVi, aeCt’s predecessor organization, joined the new programmed 
instruction movement by publishing teaching machines and programmed 
learning: a source book (lumsdaine & glaser, 1960). The 1959 daVi con-
vention program had no mention of programmed instruction, but there 
was a major session in 1960 on “Programmed instructional materials for 
use in teaching machines.” This title gives a clue to the link between aV 

[aQ18]
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administrators and programmed instruction: the machines that were ini-
tially used to deliver the programmed lessons. When schools and colleges 
acquired teaching machines, someone had to take care of them—the aV 
co-ordinator! The primacy of the machine was indicated by the name that 
marked this special interest group at the next several daVi conventions: 
the teaching machine group. 

gradually, though, the emphasis shifted to designing and utilizing interac-
tive self-instructional systems. The concept of “technology of teaching” was 
popularized by B. F. Skinner to describe his view of programmed instruc-
tion as a systematic application of the science of learning. This supplemented 
the notion promoted earlier by James d. Finn that instructional technology 
could be viewed as a way of thinking about instruction, not just a conglom-
eration of devices. Thereafter, technology had the dual meanings of “appli-
cation of scientific thinking” and the various communications media and 
devices.

Creating Programmed Instruction. The process of creating the software for 
programmed instruction clearly was vastly different from that for aV mate-
rials. now the critical steps were analyzing the task to be learned in order to 
break it down into a series of small steps, specifying the behavioral indica-
tor of mastery of each step (performance objective), sequencing the activi-
ties into a hierarchical order, creating prompts for the desired responses, 
requiring learner response, and administering appropriate consequences 
(the possible contingencies: positive or negative reinforcement, punishment, 
or removal of reinforcement) for each response. 

Underlying Research and Theory. research on programmed instruction even-
tually falsified the sanctity of the specific prescription as given by Schramm 
(1962) previously: an ordered sequence of stimulus items, overt response,an ordered sequence of stimulus items, overt response, 
immediate knowledge of results, small steps, and mostly correct responses. 
each of these elements was dispensable, yet programmed instruction les-
sons consistently led to better achievement when compared with so-called 
conventional instruction. What accounted for the improvement, if not 
the formulaic framework? gradually, practitioners began to realize that it 
was the painstaking development process, which included frequent forma-
tive evaluation to ensure the learners were making correct responses. TheyThey 
discovered that “programming is a process” (markle & tiemann, 1967). 
Further, that process—of analyzing learners and learning tasks, specifying 
performance objectives, requiring active practice and feedback, and sub-
jecting prototypes to testing and revision—was highly compatible with the 

[aQ2]
[aQ3]
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analysis, design, develop, evaluate, and implement cycle proposed in systems 
approach models. 

Computer-Assisted Instruction (CAI)

as discussed in chapter 2, Cai began just at the time that programmed 
instruction was at its peak, and so, many of the early Cai programs fol-
lowed a drill and practice or tutorial format similar to teaching machines 
or programmed instruction books: small units of information followed by a 
question and the student’s response. a correct response was confirmed while 
an incorrect response might branch the learner to a remedial sequence or an 
easier question. The design work therefore resembled that of programmed 
instruction, while the development-production work entailed skills in com-
puter program writing. 

Creating CAI. The Plato project, begun in 1961, aimed to reduce costs by 
networking inexpensive terminals and offering programmers a simplified 
programming language for instruction, tUtor. it became a locus for inten-
sive r&d on the message design features of successful lessons as well as on 
authoring systems. The Plato system pioneered many advanced functions 
(e.g., graphical interface, user discussion groups, e-mail, and instant mes-
saging), and it continued to grow and evolve right through the early 2000s. 
This r&d program also led the way in developing creative approaches to 
Cai such as discovery learning and problem-based learning (PBl) through 
participation in laboratory experiments and other simulations. like a lot of 
other Cai software, Plato software eventually migrated to floppy disk for-
mat, then Cd-rom, then World Wide Web. 

in the days of mainframe-based computing and into the early years of 
microcomputers (outside the Plato environment), memory and display 
limitations dictated lesson designs similar to those for teaching machines 
and printed programmed instruction: frame-by-frame advancement through 
content presentation followed by questions to which the learner responded 
by means of an input device—keyboard, number pad, touch screen, or pos-
sibly a graphics tablet. The computer judged the correctness of the response 
and gave feedback to the learner, possibly branching to a remedial set of 
frames. 

Underlying Research and Theory. The programmed instruction type les-
son format lent itself to the same sort of design processes as used in pro-
grammed instruction (Burke, 1982). The product was a series of teaching 
frames and criterion (testing) frames. The development and production 
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phases depended heavily on what sort of programming language or author-
ware were being employed to input the lesson into the computer system. as 
with programmed instruction, evaluation and validation of the lesson was 
expected (but not always done). 

The research paradigms were very much in the pattern of programmed 
instruction, as were the findings. This research also tended to be guided by 
the same theoretical constructs as in programmed instruction research, 
although Cai research more often included investigation of presentation 
variables and economic issues (since computing hardware, programming 
time, and processing time were significant cost factors at that time). 

Digital Media

as computing power grew and became more wide ranging through network-
ing, and as computer systems became more capable of incorporating visuals, 
sounds, and moving images, computer-based programs began to be viewed 
in a new light, as “digital media,” discussed in greater detail in chapter 8. 
The concept of combining all forms of media under the computer umbrella 
transformed the field of educational technology as well as the entertainment 
industry. 

Creating Hypermedia. The term hypermedia emerged in the 1980s as an 
extension of the term hypertext to refer to digital documents in which text, 
audio, and video are connected with hyperlinks to allow nonlinear naviga-
tion among the program elements. This contrasts with multimedia, which, 
could combine the same media but in a linear format. Hypermedia required 
a powerful computer with capacious ram, a large internal hard drive, and 
a monitor plus peripheral devices for aV input, such as Cd and videodisc 
players and audio systems. all of these were controlled by a hypermedia 
program running under an authoring system such as HyperCard™ or tool-
book™. a primary feature of this format was the high degree of interactivity 
between the learner and the varied information sources.

Hypermedia became possible when computers began to operate with gUi, 
incorporating such graphic devices as windows, menus, hyperlinks, and a 
pointing device (e.g., a mouse). The gUi not only made it easier for novice 
users to navigate but it allowed teachers and other nonspecialists to create 
their own materials.

Underlying Research and Theory. in developing digital interactive media or 
hypermedia, instructional designers began to engage in software design (or 
in most cases, the somewhat less technical “software authoring”). Just as 
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a shift from print production to film production entails changes in design 
process, so does a shift from traditional media to digital interactive media 
(Jonassen & mandl, 1990).

The design process itself became the subject of research and theory. For 
example, the concepts of rapid prototyping (tripp & Bichelmeyer, 1990), 
user-centered design, and usability methods (Corry, Frick, & Hansen, 1997; 
Frick & Boling, 2002) became subjects of debate and study. These constructs 
were borrowed from software design and incorporated into id to recognize 
the increased complexity of interactive materials and therefore the increased 
chance that such materials might be difficult to use, to understand, or to 
accept. The use of such approaches can be seen as extensions of the tradi-
tional emphasis on audience analysis and formative evaluation within id. 
The creators of the materials view the eventual users as an audience, and the 
usability process as a means to ensure that the materials are effective as part 
of the instructional environment.

The Internet and the World Wide Web

in the 1990s, the rapid growth of the internet and its most popular protocol, 
the World Wide Web, fundamentally changed the media environment for 
instructional designers. Within a decade, more instruction was being pre-
pared for use on the Web than for any other media platform. 

Creating Web-Based Learning. in the development and production stages the 
challenge to the Web producer is to deal with another new set of authoring 
tools and programming protocols. in the era of Cai, as P. F. merrill pointed 
out (2005), authors had to learn and then learn anew a number of different 
tools over the years: Basic, Pascal, Pilot, tiCCit, and Hypercard™ (p. 4). in 
the era of the Web, Html (hypertext markup language) has been the stan-
dard authoring application for static text. to add sound, motion, or inter-
activity, computer-programming code has to be added to the Html, using 
a scripting language such as JavaScript or authoring tools such as Flash®, 
director, and authorware (merrill, P. F., 2005, p. 4). in 2005, it was possible 
to separate the content from the programming code through the use of Xml 
(extensible markup language). This is viewed as a way to simplify the prob-
lem of migrating content and programming from one authoring environ-
ment to another one and achieving the goal of handling content as learning 
objects that can be shared and reused (merrill, P. F., 2005). 

Learning objects. By the 1990s, as the use of Web-based instruction accel-
erated, designers, particularly in military and corporate training, were seeking a 
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shortcut to creating the thousands of hours of course material needed in the 
hundreds of Web-based distance learning programs. The key to this prob-
lem, many felt, was to create reusable learning objects: “small (relative to the 
size of an entire course) instructional components that can be reused a num-
ber of times in different learning contexts” (Wiley, 2002, p. 4). This move-
ment was an extension of the object-oriented programming paradigm that 
transformed software development beginning in the 1980s.

The technical challenge was to code the learning objects digitally so that 
they would transfer to and run on each organization’s learning management 
system. in the 1990s, several international efforts began to establish standards 
for these building blocks. one effort was led by the imS global learning 
Consortium, inc., which produced the imS metadata Specification (“meta-
data” are the labels that are put on learning objects, enabling these objects to 
be stored and retrieved efficiently). The imS specification, in turn, was incor-
porated into the Sharable Courseware object reference model (SCorm). By 
2000, these specifications were being used in a number of organizations. 

The promise of learning objects includes reducing the manpower cost of 
development and spreading the effort of material creation to the largest pos-
sible pool of talent, thus placing well-designed learning materials within the 
grasp of those who might otherwise not be able to afford them. However, 
problems both conceptual and technical have slowed the wider adoption of 
this idea. one conceptual problem is represented in the very name of the 
concept: bits of content or test items are not learning objects if learning is a 
process that takes place within individuals; they are chunks of content. The 
next question is whether these chunks of content can be removed from their 
original context, be inserted into a different context, and still have value. 
it seems to depend on what the “chunk” is and how different the two con-
texts are. more generic material, such as a worksheet on fractions, might well 
be usable in a wide range of classes, possibly even across cultures. Smaller 
or larger granules, presented in more contrasting contexts might be prob-
lematic. Those whose beliefs about learning emphasize the importance of 
contextualization are dubious about the prospect of stripping context out of 
chunks of instructional material.

on the technical level, critics wonder about the costs and myriad technical 
hurdles posed by developing a system of cataloging and sharing such media 
objects that would be both usefully standard and usably flexible. david Wiley 
(2002; 2006), who helped introduce learning objects into educational technol-
ogy, was also vocal in supporting both the conceptual and technical criticisms. 
He continued to support the goal of “increasing access to educational opportu-
nity to people who have been denied that right for any of a variety of reasons,” 
but he suggested that a method more like that of P. F. merrill (2005), described 
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previously, will ultimately be more useful. So, the concept of reusable digital 
material will continue to evolve but future directions are unclear.

Underlying Research and Theory. With the ubiquity of the Web and wide dif-
fusion of CmSs and lmSs, it is possible to view Web-based education as a 
separate genre for design and development. a distinctive feature is that, by 
its nature, Web-based instruction revolves around learning-oriented activi-
ties—reading, discussion, construction, expression, reflection, and per-
haps inquiry activities—, while the face-to-face classroom revolves around 
teaching-oriented activities—lectures, demonstrations, discussions, and 
tutorial exchanges between teacher and learner. This shifts the focus of 
research and theory from teaching issues (e.g., presentation variables) to 
learning issues (e.g., interpersonal communication patterns in collabora-
tive learning). 

Mobile Media

The trend in computing hardware is toward miniaturization and wireless 
operation, leading to a new genre of mobile devices—notebook and tablet 
PCs; cell phones; digital audio players; handheld game consoles; personal 
digital assistants (Pdas), which can include the functionality of a computer, 
a cell phone, a music player, and a camera; and various other combinations 
of these devices. When such devices can also connect to the internet, users, 
in effect, have access to a high-end computer workstation in their hands. 
They can talk or text message with others and navigate the Web from wher-
ever they happen to be (as long as they are in range of a wireless access point). 
By 2006, in europe and asia, these functionalities were rapidly migrating 
toward convergence in a cell phone type device, but this movement was 
emerging more slowly in the United States.

This raises the possibility of a new teaching-learning paradigm—mobile 
learning, or m-learning. as summarized by Wagner (2005),

. . . mobile learning represents the next step in a long tradition of tech-
nology-mediated learning. it will feature new strategies, practices, tools, 
applications, and resources to realize the promise of ubiquitous, pervasive, 
personal, and connected learning. (p. 44) 

Some aspects of m-learning are already apparent, based on experiences 
with earlier technologies, including Web-based distance education. We 
also have experience in education with some of the mobile technologies, for 
example, the uses of Pdas as classroom response devices or “clickers.” like 
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Web-based resources, mobile resources may be used primarily for perfor-
mance support and to supplement traditional delivery in a new hybrid mode. 
The functions of laboratories may become more distributed, with many tak-
ing place in students’ handheld devices (alexander, 2004). to the extent that 
they are used to offer stand-alone instruction, they are expected to be used 
for short programs that can be used during downtime between other work 
and leisure activities (Wagner, 2005, p. 51). 

applications that are specific to mobile technologies may evolve to fit with 
their special adaptabilities to interpersonal communications. alexander (2004) 
borrowed the concept of “swarming” to speculate about “learning swarms” or 
ad hoc, temporary learning groups (p. 32). Similar to the groups that form 
on social networks like Facebook.com, students who develop curiosity about 
a topic might talk or exchange text messages with others and form a virtual 
discussion group, which might meet face to face at some times. or they might 
simply use the mobile tools to carry out group work assigned in class. 

Creating for M-Learning. at this point we can only speculate about what form 
m-learning will take and what sorts of creation processes it will demand. We 
know from our study of other technologies that it is not the technology but the 
experience that facilitates learning. at the design stage, developers must keep 
in mind that mobile devices will be able to support certain types of experi-
ences better than others will, so different learning tasks will require different 
instructional strategies. The constraints of the m-learning setting are 

Computational power of mobile devices is limited.
The various mobile devices use a wide variety of operating systems, 
meaning different authoring tools for each device. 
These devices also have very small screens, imposing narrow limits 
on the size and amount of text and size and resolution of graphic 
images. 
likewise, input capabilities are limited (How much text would you 
like to type with your thumbs?).

Keeping in mind the conditions of use, designers will have to pay special 
attention to gaining and holding the user’s attention in distracting circum-
stances, suggesting short modules that are highly engaging—such as games, 
quizzes, or chats. 

at the development and production stages, coding is again an issue. Script-
ing languages and authoring tools (like Flash®) have made it relatively easy 
to incorporate time-based media and interaction into Web lessons. These 
extensions to the original protocols have also allowed creators to address 
mobile technologies by setting up style sheets that display a single content 
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file in multiple ways depending on where that file is to be displayed (different 
browsers, mobile devices, etc.). at the same time, they have increased the 
technical expertise required to set up Web-based documents correctly, so 
the learning curve for developers is once again steep for all but the simplest 
materials. The payoff is that cross-platform and cross-media development is 
truly possible.

Blended Learning

Historically, educators have thought of face-to-face instruction and computer-
mediated instruction as separate domains. a lesson or course is conducted 
either face to face or through one of the formats discussed above—Cai, mul-
timedia/hypermedia, Web, or mobile device. The reality is that an increasing 
proportion of lessons and courses, especially in higher education and corpo-
rate and military training, are conducted through a combination of face-to-
face and computer-mediated formats, a combination referred to as blended 
learning (graham, 2006). This trend has been prompted by the ubiquity of 
the internet and the Web in the daily lives of students and workers, at least 
in technologically developed societies. as long as students and workers were 
already used to communicating through e-mail, instant messaging, and chat 
rooms and as long as instructors were already used to exchanging files elec-
tronically and creating instructional materials with the computer, why not 
exploit these practices in the classroom? 

in higher education, a blended course typically consists of one face-to-face 
class meeting per week, with students using the internet and Web to com-
plete group projects and other class assignments (dziuban, Hartman, Juge, 
moskal, & Sorg, 2006, p. 198). in the corporate realm, blending tends more 
toward a “sandwich” approach: preclass readings and asynchronous discus-
sion, then face-to-face sessions for intensive interaction, followed by online 
application exercises and mentoring (lewis & orton, 2006). in the military, 
the blending typically involves trainee use of high-fidelity simulations (e.g., 
firing range and airplane flight) which are integrated with collective field 
training (Wisher, 2006).

a related concept is blended learning environment, creating an immersive 
total environment that blends aspects of reality, simulation, mixed reality, 
and virtual reality. This concept is discussed separately later in the chapter. 

Creating Blended Learning. The different elements that comprise the blend 
are each created through the processes appropriate for that format—face-
to-face instruction, Cai, simulation, and so forth. The overall blended 
lesson or course can be designed through the generic iSd process, with 
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special attention to the step of selecting a delivery medium—looking at 
each objective and deciding if it would be learned best through one of the 
face-to-face methods or through one of the computer-mediated methods 
(Hoffman, 2006). 

Creating Media: Levels of Sophistication

Creating instructional media can be a very simple or a very complex process. 
Kemp and Smellie (1994) suggested three levels of sophistication: mechani-
cal, creative, and design. at the lowest, mechanical, level are the simple 
procedures of, for example, cutting and pasting a picture onto a Web page, 
photocopying a graph to make an overhead transparency, or video recording 
a guest speaker for later playback. These are routine actions requiring little 
planning or creativity.

at the second, creative, level the producer has to put thought and plan-
ning into the process. a teacher constructing a bulletin board will not only 
gather or make the materials, but also think about their arrangement, both 
aesthetically and educationally—to garner attention and make a memorable 
impact. a trainer may sketch ideas onto index cards and rearrange them 
for psychological effect before producing a PowerPoint™ presentation. The 
choice of words and images, their sequence, the visual layout according 
to good visual design principles—all of these require some level of artistic 
ability and consideration of the psychological variables that affect audience 
impact. But production at the creative level does not necessarily entail sys-
tematic planning for specific learning outcomes.

The third, design, level covers cases in which a designer, or even a design 
team, plan and assemble materials or a whole learning environment in order 
to reach a specified learning goal. They will think about the needs of their 
particular audience and how learners will interact with the material to attain 
their objectives. The materials themselves might require some technical 
expertise to produce. For example, an instructional consultant from a cam-
pus support service might work with two geography professors to develop 
an interactive Web exercise for finding, reporting, and interpreting oce-
anic temperature variations. This would require combining subject-matter 
expertise, pedagogical methods, visual design knowledge for screen layout, 
and Web-programming expertise; and since the project could entail mul-
tiple people collaborating over a period of time, project management would 
also come into play. 

in the following sections, we will discuss the issues associated with the “cre-
ative” level and the “design” level of production. First, at the “creative” level we 
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focus on the search for technical and aesthetic quality and how it is guided by 
principles from such fields as communication theory, perceptual psychology, 
and semiotics. Then, at the “design” level, we survey the prominent design 
methodologies, including the systems approach and some alternatives. 

Issues at the Creative Level: Technical Quality  
and Message Design Principles

media production, even at the mechanical and creative levels, can demand 
considerable technical expertise, craftsmanship, and artistic ability. There is 
a long tradition in educational technology of expecting and honoring techni-
cal excellence in its products. to go beyond good technical execution alone, 
the principles that guide creative media production are most often derived 
from aesthetics and research on message design. 

Message Design Theory and Principles 

drawing from communication theory for the concept of instructional 
messages, Fleming and levie (1978; 1993) gathered the applicable findings 
from behavioral science and cognitive science research in search of mes-
sage design principles. They defined a message as “a pattern of signs (words, 
pictures, gestures) produced for the purpose of modifying the psychomotor, 
cognitive or affective behavior of one or more persons” (Fleming & levie, 1993, 
p. x). The contributors to Fleming and levie’s compendium made a particu-
lar effort to translate basic research into usable principles for the creators 
of instructional media. The perspective of the contributing authors and the 
editors is that of expecting a message formed according to sound principles 
to “modify the psychomotor, cognitive or affective behavior [italics added]” 
of those who receive that message, thus combining cognitivist notions under 
a behaviorist framework. 

Houghton and Willows’s (1987) two-volume work, The Psychology of Illus-
tration, surveyed basic research on picture perception and the use of images to 
enhance learning from text. it offered a model for classifying and discussing 
pictures according to their own properties and their relationships to instruc-
tional text, and demonstration of the application of message design princi-
ples. The collection included semiotic perspectives, particularly concerning 
the interpretation of images across cultures, and discussion of affective, or 
emotional, responses to images and their role in promoting engagement in 
learning. The issue of understanding images is oriented toward perceptual 
research (how do physical and cognitive processes allow us to recognize pic-
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tures) and the conceptual consideration of images themselves (as perceptual 
data, as symbols in a system, as types of representation). and, in light of 
the continuing primacy of text as the medium of mediated instruction, the 
bulk of discussion regarding images in learning is oriented toward the role of 
images in helping learners to remember, understand, or enjoy text.

many of the principles gathered by Fleming and levie (1978; 1993) and Hough-
ton and Willows (1987), along with those developed specifically for the creation 
of instructional text material (Hartley, 1986, 1996; Jonassen, 1982), remain the 
primary research-based source of guidelines for creating instructional media 
despite radical changes in interactive and multimedia technologies.

Message Design for Motion Media. it is assumed that the message design prin-
ciples discussed above remain viable for moving-image displays in the new 
interactive media environments, although in the absence of thoroughgoing 
investigation this is only an assumption. For example, reeves and nass’s 
(1996) studies indicated that we respond to the sorts of moving images of 
people (live or animated) shown on tV monitors as if they were “other peo-
ple.” application of this understanding to the creation of interactive instruc-
tional materials may imply a host of message design principles that modify 
the perspective from which the original principles were developed, establish 
ground for the development of new principles, or in some cases, add support 
to the basis for the original principles. 

Semiotic Perspective. The semiotic perspective as it applies to creating 
instructional materials was practically articulated for the creators of instruc-
tional materials by Sless (1981; 1986), who focused discussion of creation 
not on the characteristics of instructional materials themselves, but on the 
explicit and tacit codes by which people decide what objects (including texts) 
mean. in document design, a sister field to instructional design, Schriver 
(1997) speculated that readers of informational texts—verbal, visual, and 
both—develop and continually refine a hypothesis about the meaning of a 
text as it relates to themselves as they progress through the material. Her 
research suggested that readers’ past experiences, cultural perspectives, and 
even their guesses about who created the materials all influence this evolving 
hypothesis. While these perspectives have gained firmer footholds in docu-
ment design, technical communications, and visual literacy circles than in 
the instructional design community, they offer a rich dimension to expand 
our collective understanding of message design.

Emerging Message Design Principles. assembly of research-based principles 
for the explicit guidance of materials creators continues (Clark & lyons, 
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2004; lohr, 2003; misanchuk, Schwier, & Boling, 2000). These compilations 
also draw on the application of gestalt psychology (common in graphic 
design and fine arts) and on traditional, nonempirical understandings from 
the professional media design world and they generally offer some process 
guidance for instructional media designers. However, systematic progress 
in research on media issues in instructional materials themselves within the 
field is sparse with the exception of dwyer’s (moore & dwyer, 1994) long-
standing program of studies comparing learning outcomes with the use of 
materials that exhibit different formal properties. 

Production Standards. Throughout the evolution of film, video, and aV 
media the process of converting blueprints into finished presentations has 
been guided by technical lore built up over time. Wetzel, radtke, and Stern 
(1994) referred to these production guidelines as professional tradecraft (p. 
113). in film and video, for example, the main issues relate to camera tech-
nique, shot composition, editing, and special effects (mascelli, 1965). each 
of these areas has its own cadre of technical specialists who are likely to have 
learned their tradecraft through years of apprenticeship. audiences have 
grown used to a certain level of technical quality and tend to bring these 
expectations to their viewing of educational media as well. 

Trade-Offs on Technical Quality. as Schiffman (1986) contended, both aes-
thetics and pedagogy demand that learning materials be clear, attractive, and 
usable. at the same time, she warned against “a disproportionate emphasis 
on production standards” (p. 15) when the time and expense of professional 
level production are out of the proportion to the material’s purpose. in cer-
tain cases, “quick and dirty” will suffice, reflected in anecdotes about the 
advertising creative teams that discover that “the storyboard worked better 
than the finished commercial!” 

Issues at the Design Level: ISD Models and Alternative Approaches

When dealing with more complex projects, planners are operating at what 
Kemp and Smellie (1994) termed the design level, the level at which some 
type of serious design thinking is required. The creation of instructional 
materials and learning environments can be guided by different design 
mindsets as well as different design procedures. For example, in the genres 
of educational film, radio, and television the planning process was guided 
by the paradigm of the script, a mindset carried over from entertainment 
media. The visual arts have a very different mindset for the creative pro-

[aQ4]
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cess; engineering has another, and software design has another. educational 
technology has borrowed from disciplines such as these and it has evolved 
its own approaches. The purpose of this section is to survey the broad array 
of approaches that have been used, beginning with the systems approach, 
which is usually referred to as the dominant paradigm, and then considering 
the many alternative possibilities. 

Systems Approach to Instructional Design

The essence of the systems approach is to subdivide the instructional plan-
ning process into steps, to arrange those steps in logical order, then to use the 
output of each step as the input of the next. The systems approach traces its 
origins to concepts that emerged from military research during World War 
ii. an analytical technique that grew out of submarine hunting was called 
operations research, in which computers were used to make the calculations 
required. after the war, this approach to analyzing, creating, and manag-
ing man-machine operations, now referred to as the systems approach, was 
applied to the development of training materials and programs.

during the postwar period each of the U.S. military services had developed 
its own model for training development, all of which were based on the sys-
tems approach, a “soft science” version of systems analysis, itself an offshoot 
of operations research. alexander mood (1964), speaking at an early confer-
ence on the systems approach in education, explained the distinction:

Systems analysis is often used interchangeably with the term operations 
analysis and refers to the specific analytical technique which consists of 
constructing a mathematical model of a phenomenon and optimizing 
some function of the variables involved in the model. Systems approach 
refers to a much more general and hence less definitive idea. it is simply the 
idea of viewing a problem or situation in its entirety with all its ramifica-
tions, with all its interior interactions, with all its exterior connections and 
with full cognizance of its place in its context. (p. 1) 

The systems approach was viewed in the military as a paradigm for combin-
ing the human element with the machine elements in man-machine systems, 
an antidote to purely mechanistic thinking. From the entry of the systems 
approach into the field of educational technology, it was recognized by its 
advocates as a loose set of guidelines which were applicable to the complex 
problems of human learning only by analogy, and not the sort of completely 
deterministic and tightly controlled methodology described by some of its 
detractors. mood (1994), in the same presentation, cautioned, “one uses it 
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[systems approach] primarily as a guide and as insurance against overlook-
ing an important factor,” and later, “This is the most troublesome problem of 
the systems approach; it is an art—not a science” (p. 14).

Evolution of the Systems Approach in Educational Technology. The concept of 
systems approach probably was introduced to educational technology at 
the 1956 lake okoboji leadership conference. This annual conference, to 
which leaders of the field were invited and in which they were expected to 
produce working papers, often featured a keynote speaker, who provided 
grist for the following discussions. one of the most influential keynote 
addresses was the first, “a Systems approach to audio-Visual Commu-
nication,” given by Charles F. Hoban at the 1956 summer conference. The 
conference spotlight coincided with a series of articles by James d. Finn 
published around the same time. together, they helped create momentum 
behind the idea of the systems approach, which eventually became a hall-
mark of the field.

The vision that drove this new thinking was expressed succinctly by Phil-
lips (1966): “to fashion a coherent assemblage of learning resources, spe-
cifically designed from their inception to be used with and make possible 
the implementation of a new curriculum” (p. 373). That is, how much more 
productive might education be if we could look at the system as a whole—
teachers, students, administrators, aides, facilities, hardware, software—and 
design a total package around a clear goal?

during the 1960s, the systems approach began to appear in procedural 
models of id in american higher education. Barson’s (1967) Instructional 
Systems Development project, conducted at michigan State University and 
three other universities between 1961 and 1965, produced an influential 
model and set of heuristic guidelines for developers. during this same 
period, leonard Silvern (1965) at the University of Southern California 
(USC) began offering the first course in applying the systems approach to 
instruction, “designing instructional Systems,” which was based on his 
military and aerospace experience. He also produced a detailed procedural 
model that influenced later model builders. 

The IDI model. These early activities at the consortium that included Syra-
cuse, michigan State, U.S. international University, and USC (later joined by 
indiana University) culminated in a joint project, known as the instructional 
development institute (idi). The idi was a packaged training program on 
instructional development for teachers, and between 1971 and 1977, it was 
offered to hundreds of groups of educators. Since it was usually conducted 
by faculty and graduate students from nearby universities, the idi became 
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an extremely influential vehicle for disseminating ideas about the id pro-
cess among educational technology faculty and students across the United 
States.

The model divides the creation process into three major phases: (a) the 
define phase, in which analysis is done to clearly define the problem to be 
solved and the situational constraints, and a plan of work is organized, (b) the 
design phase, in which objectives are specified and methods for attaining 
those objectives are decided up and instantiated in a prototype, leading to 
(c) the develop stage, in which the prototype is tested and revisions are made 
based on the prototype tests. The idi model was quite forward thinking in 
its emphasis on project management, iterative development, and testing of 
prototypes. 

Figure 4.1. Please supply caption.
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The military services’ ISD model. The Center for Performance technology 
at Florida State University was selected in 1973 by the U.S. department of 
defense to develop procedures to substantially improve army training. as 
recounted by Branson (1978), the id procedures developed for the army 
evolved into a model that was adopted by the army, navy, air Force, and 
marines, called the “interservice Procedures for instructional Systems 
development (iPiSd).” Shown in Fig. 4.2, iPiSd was intended for use in 
large-scale id projects. it eventually had enormous influence in military 
and industrial training because its use was mandated not only in all of the 
U.S. armed services but also among defense contractors. The seeds of the 
“addie” acronym can be seen in the top-level elements in Fig. 4.2: analyze, 
design, develop, implement, and control. as evaluation replaced control, the 
acronym addie came into being.

The ADDIE Family of Systems Approach Models. The addie stages are some-
times put into the form of a flow chart to show their interrelationships, as 
shown in Fig. 4.3, giving rise to the misnomer of “addie model” even 

Figure 4.2. Please supply caption.
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though there was not and is not an actual, fully developed addie model. 
However, it can serve as a convenient label for the family of systems-approach 
models. 

Following the logic of the diagram in Fig. 4.3, the outputs of the analysis 
stage—a description of the learners, the tasks to be learned, and the instruc-
tional objectives—serve as input to the design stage, where those descriptions 
and objectives are transformed into specifications for the lesson. next, the 
design specifications serve as inputs to the development stage, where they are 
used to guide the selection or production of the materials and activities of 
the lesson. in the implementation stage the instructors, materials, activities, 
and learners come together to use the products of the development stage. 
after the instructional program is used, it is evaluated to see if the objectives 
were met and the original problem solved.

in addition to the summative evaluation done at the end, along the way 
decisions made at each stage are evaluated (formative evaluation) to deter-
mine if that stage was completed successfully and in accord with the original 
strategic directions of the project. if the results of a step are not satisfactory, 
for example, if a sample group of trainees are confused by the directions 
in the prototype of a new simulation exercise, then the design step must 

Figure 4.3. Please supply caption.
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be repeated, finding ways to clarify the directions. This process of repeat-
ing steps until satisfactory results are achieved is referred to as an iterative 
approach. 

gagne, Wager, golas, and Keller (2005) provided an expansion of basic 
addie stages into a more detailed procedural guide, shown in table 4.1.

Table 4.1

Analysis a.  First determine the needs for which instruction is the 
solution.

b.  Conduct an instructional analysis to determine the target 
cognitive, affective, and motor skill goals for the course.

c.  determine what skills the entering learners are expected to 
have, and which will impact learning in the course.

d.  analyze the time available and how much might be 
accomplished in that period of time. Some authors also 
recommend an analysis of the context and the resources 
available. 

Design a.  translate course goals into overall performance outcomes, 
and major objectives for each unit of the course.

b.  determine the instructional topics or units to be covered, 
and how much time will be spent on each.

c.  Sequence the units with regard to the course objectives.
d.  Flesh out the units of instruction, identifying the major 

objectives to be  achieved during each unit. 
e.  define lessons and learning activities for each unit. 
f.  develop specifications for assessment of what students have 

learned. 

Development a.  make decisions regarding the types of learning activities and 
materials. 

b.  Prepare draft materials and/or activities.
c.  try out materials and activities with target audience 

members. 
d. revise, refine, and produce materials and activities. 
e. Produce instructor training or adjunct materials. 

Implement a.  market materials for adoption by instructors and potential 
learners. 

b. Provide help or support as needed. 
Evaluate a. implement plans for learner assessment.

b. implement plans for program evaluation.
c. implement plans for course maintenance and revision. 

[aQ11]

[aQ12]
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numerous systems approach models have been proposed. They differ in 
terms of the number of steps, the names of the steps, and the recommended 
sequence of functions. gustafson and Branch’s (2002) Survey of Instruc-
tional Development Models includes 18 models. Their list is not intended to 
be exhaustive, but illustrative of the various ways of implementing a systems 
approach. organizations typically use their own homegrown model, often 
adapting or combining concepts from other models. 

The Dick and Carey Model. one of the best-known systems-approach models was 
the one developed by dick, l. Carey, and J. o. Carey (2005), shown in Fig. 4.4.

it is taught in many educational technology programs and it has been 
adopted or adapted in many organizations as a planning guide. a distinc-
tive feature of the dick, l. Carey, and J. o. Carey (2005) model was that it 
recommended specifying the assessment instruments prior to developing an 
instructional strategy. Their concept was that if the developers can be clear 
enough about what and how they will be testing, they have a much better 
idea of what sort of instruction will succeed. 

nowadays, there is a general consensus on the main elements of the sys-
tems-approach model, according to the authors of Instructional design com-
petencies: The standards (richey, Fields, & Foxon, 2001), representing the 
international Board of Standards for training, Performance, and instruc-
tion (iBStPi). in specifying the competencies to be expected in professional 
instructional designers, the iBStPi standards use the categories of profes-

Figure 4.4. Please supply caption.
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sional foundations (communication skills, research knowledge and skills, 
self-development, and legal and ethical norms), planning, analysis, design, 
development, implementation, and management. This list of competen-
cies mirrors quite closely the elements common to most systems-approach 
models.

Since systems-approach models do not necessarily follow the addie 
sequence or nomenclature, a more generic name for this family of models is 
“iSd models.” Some authors prefer the term instructional Systems Design, 
while others prefer instructional Systems Development. We will avoid a dis-
cussion of the merits of each term and simply use the acronym iSd.

Stages in the ISD Process

The Analysis Stage. The first priority in analysis is to determine whether 
instruction is needed at all. a design-development process is undertaken, 
presumably, because someone has decided that one or more people have a 
gap in knowledge, skill, or attitude that is important to bridge. The proposed 
learner could be anyone, from a kindergarten child to an adult organization 
employee. in the 1970’s, Joe Harless, a training designer working in 
thebusiness sector, realized that many of the people who were successfully 
“trained,” eventually reverted to deficient performance. Harless (1975) 
found that poor performance was more often caused by lack of incentive 
or inadequate tools than by lack of knowledge. He developed “front-end 
analysis,” analytical steps to be carried out at the very front end of the design 
process to separate the different causes of performance deficiencies, and to 
make sure that instruction was developed only when instruction was truly 
needed. 

a front-end analysis or needs analysis will gather evidence on the nature 
and extent of the performance deficiency, determine whether there is a 
learning need, and determine whether it would be cost beneficial to cre-
ate some instructional material or system to meet this need. as discussed 
in chapter 3, other noninstructional interventions can be pursued for the 
parts of the problem not caused by lack of knowledge or skill.

if the problem is determined to be one of deficiency in knowledge or skill, 
the next issue in the analysis stage is to determine the types of learning 
objectives that will need to be pursued—cognitive, affective, interpersonal, 
or motor skills—and what is the structure of those skills. That is, which are 
contingent on others? Which should be accomplished first, second, and 
third? Such an instructional analysis may consist of observations of people 
at work, behavioral algorithms, focus group discussions, interviews with 
learners or experts, hierarchical task analyses, or other means. guides to the 
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many methods of needs and task analysis were found in Zemke and Kram-
linger (1982), rossett (1987), and Jonassen, tessmer, and Hannum (1999).

Planners will also want to survey the resources they have to work with, 
including time, money, and people and the constraints bounding their work 
to determine whether the project is worthwhile. at this stage, planners can 
also begin to plot out time lines and task assignments for the project.

The Design Stage. in the context of the total creation process, “design” refers 
to the stage in which content, sequence, strategies, and method s are chosen 
to meet the specified learning goals. of all the stages in the iSd process, this 
is the one that has received the most attention by scholars. Psychological 
research on human learning and educational research on effective teach-
ing methods have provided a wealth of guidance for these decisions. design 
guidance is found in works such as leshin, Pollock, and reigeluth (1992) and 
Foshay, Silber, and Stelnicki (2003). 

a major decision at the design stage is to select an overall framework for 
the lesson or other instructional unit. many different lesson frameworks 
have been proposed, often inspired by a particular theory of learning or 
instruction. two cognitivist lesson frameworks—gagne’s (gagne & med-
sker, 1996) events of instruction and Foshay, Silber, and Stelnicki’s (2003) 
cognitive training model are discussed in chapter 2. another lesson frame-
work with a more constructivist appearance came from the work of m. d. 
merrill (2002a). 

m. d. merrill (2002a) developed an eclectic body of instructional prin-
ciples, which he called “first principles of instruction” (p. 43). These prin-
ciples are problem centered and focused on knowledge construction by the 
learner, as shown in Fig. 4.5. Those particular attributes overlap with some 
advocated in the constructivist perspective.

m. d. merrill’s (2002a) theory proposed four phases in the instructional 
process: (a) activation of prior experience, (b) demonstration of skills, (c) appli-
cation of skills, and (d) integration of these skills into real-world activities, 
with all four phases revolving around (e) a problem. each of these five ele-
ments has supporting generalizations or principles, which provide the pre-
scriptions for effective instruction. 

m. d. merrill (2002b) proposed a simple framework for applying his “first 
principles” to learning, called the “pebble-in-the-pond model.” The essence 
of his framework was to begin by imagining the simplest whole version of 
the task that the learner must be able to perform—the first ripple of the peb-
ble dropped into the pond, then to identify the expanding ripples: “a pro-
gression of such problems of increasing difficulty or complexity such that if 
learners are able to do all of the whole tasks thus identified, they would have 
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mastered the knowledge and skill to be taught” (p. 41). The focus on actual 
on-the-job problems made this approach highly suited to application in the 
workplace.

many other lesson frameworks were explained fully in reigeluth (1983; 1999), 
J. r. davis and a. B. davis (1998), and medsker and Holdsworth (2001).

The Development Stage. When the term development is used as a subset of 
the larger iSd process, it refers to the stage at which the specifications result-
ing from the design stage are turned into concrete materials that can be used 
by instructors and learners. The development stage typically receives little 
detailed attention in iSd models or their supporting documentation, prob-
ably because the authors of iSd models are not themselves expert in the vari-
ous arts of production and hesitate to spell out these processes in detail. 

in the development stage, the design blueprints are first turned into usable 
prototypes. Pencils, brushes, cameras, microphones, and other creative tools 
are used to capture or create the words and images needed to carry out the 
lesson activities. Success is dependent on the artistic and technical skills 
of specialists in the various media. it is not unusual to find some tension 
between designers and developers as the production team may struggle to 
interpret vague or contradictory specifications. ideally, both understand 
enough about the other’s business to be able to negotiate a mutually satisfac-
tory solution. 

evaluative activities at this stage revolve around tryouts and revisions of pro-
totype materials or processes. Samples of the target population could try out 
the prototypes one to one or in small groups with observation of the usability 

Problem 

1  Activation 

2  Demonstration 

4  Integration 

3  Application 

Figure 4.5. Please supply caption.
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of the materials or processes and with assessment of the learning outcomes to 
determine how nearly the prototype materials met the intended objectives. to 
enhance the acceptance of the product or process being developed, the goal 
should be to make it as appealing as possible to the intended users. 

after prototype testing and revision, the new materials or processes are 
ready to be edited and scaled up to their final form. masters of final prod-
ucts are turned over for mass production, either by an in-house production 
agency or by external sources. Final versions would be produced in quantity 
at this point. The output of the production phase is the fully worked out 
product or program that has been developed, tested, revised, and prepared 
for large-scale implementation. 

Challenges at the interface of design, development, and production. Kerr (1983) 
noted that iSd novices frequently failed to use the most generic of design pro-
cedures common in other fields: generate multiple solutions, accept or reject 
on some coherent basis, represent design problems effectively to themselves 
and others, and show a grasp of stopping rules (when is it reasonable to stop). 
These procedures are not only required for the initial instructional design, 
they are required throughout the development stage as materials are instanti-
ated either to embody or to support the vision specified in the blueprint. 

as the field of educational technology has moved further away from its 
roots in film and aV production, an identity split has taken place, separating 
the roles of instructional designer and media developer/producer. With this 
separation, the processes of instructional design and materials development 
have tended in many cases to move apart as well (the exceptions often being 
in school and academic environments where instructional design is happen-
ing on a very small scale, and may not be overtly recognized as instructional 
design at all). The advent of digital tools with shallow learning curves may 
be bringing the two back together in some contexts, but development and 
production still tend to be a time-intensive processes, and ones in which 
the tools learned today have to be relearned tomorrow. many instructional 
designers are relieved not to be seen as responsible for, or capable of, direct 
participation in this stage of the process. in addition, media development 
when it is carried out well tends to require multiple specialized sets of skills, 
making the division of labor between pedagogical design and media produc-
tion all the more inevitable. 

Doing digital production yourself. educational technologists who under-
take digital production themselves must master a number of technical skills 
and processes, specifically, the mechanics of using digital tools of the sorts 
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discussed earlier in this chapter. The challenges are not insubstantial, so it is 
no wonder that these steps in the overall instructional development process 
often dominate the designer’s thinking even though they are not sufficient 
to ensure that great, or even usable, materials will result. at this stage, the fit 
between tools and desired outcomes is vitally important so that efficiency is 
not sacrificed by struggling against the tools. Production paths, the identi-
fication of steps required to create components of materials and ultimately 
the materials themselves, must be identified and tested and then executed 
correctly. Frequently a team will discover that a new feature in a tool (the 
addition of the layers feature in adobe Photoshop® was a notable example) 
completely alters a production path and may even eliminate significant 
numbers of steps that were previously essential. 

Supports for doing it yourself. an industry has arisen to fill the gap between 
the desire to create multimedia products and the technical skills needed to 
do so. do-it-yourselfers can take advantage of commercially available sup-
port such as clip art, canned color schemes, PowerPoint™ templates, and the 
like. Unfortunately, these tools have little or no ability to guide the user’s 
choices in terms of pedagogical or artistic sensibility. one can produce a 
slide show that looks slick but is a disaster in terms of visual appeal, psycho-
logical impact, or instructional value. 

Outsourcing production. The alternative to doing it yourself is to retain 
an external contractor or an internal production specialist. instructional 
designers hired into very small operations may have to carry out the actual 
development and production of their materials, but otherwise expect only to 
have to manage those processes or hire someone else to manage them. in a 
setting where complex or large-scale development is carried out, the instruc-
tional designer is liable to serve as liaison with multiple teams of specialists. 

although it is considered to be vitally important, message design is often 
an area of disconnect between instructional designers and external or inter-
nal media development specialists. instructional design plans may not 
include message design direction, in which case these decisions are left up 
to the specialists who may have had little briefing on the instructional issues 
involved in the product and therefore no basis on which to make trade-offs 
or even basic decisions about media forms. 

in other cases, instructional design plans may be highly specified in terms 
of message and media design, but unrealistic from a technical perspective or 
naïve from a production perspective. appelman (2005) proposed a method  
of analyzing prospective complex learning environments in terms of their  
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affordances that could help bridge the communication gap between instruc-
tional design and materials development. appelman and Boling (2005) adopted 
the form-and-function relationship standard in related fields of design to pro-
vide a framework within which instructional designers and media specialists 
can communicate about the functional purposes for decisions of form.

The Implementation Stage. after the prototype material, learning environ-
ment, or instructional system has been tested and revised, it is ready for its 
ultimate purpose—to be used by learners. The programmed instruction 
movement demonstrated that achievement could be enhanced by thinking 
of individuals, not groups, as the end users. it was possible to individualize 
instruction by allowing learners to progress at their own rate and to receive 
remediation at points in the lesson at which they had difficulty. This led to the 
idea of learning for mastery (Bloom, 1968), that is, expecting that all students 
can achieve the lesson objectives (as opposed to the bell-shaped achievement 
curve assumed in most a, B, C, d, F grading systems). The concept of mas-
tery suggests that each learner’s outcomes should be compared with some 
prespecified criteria (not with other learners) and that they should have the 
opportunity to continue to strive and get help to meet those criteria until 
they succeed. only after showing mastery of lower level objectives should 
they be allowed to attempt more advanced work. This is to prevent ignorance 
from snowballing and to reduce the failure rate.

although implementation may entail conducting a whole-class activity, 
it is more likely to involve students’ or trainees’ use of self-paced materials 
or an immersive learning environment. The philosophies and practices sur-
rounding such use are described in detail in chapter 5.

The Evaluation Stage
Origins of evaluation practices. The practice of evaluating the products 

of design processes before putting them in to full-scale use originated 
in educational radio at station WBoe in the 1930s. There the Cleveland 
radio producers had developed quite a sophisticated process that was quite 
comparable to the iSd model. notably, it featured preparation of a rough draft 
of the script, which was reviewed by a school principal, then presented to a 
regular class of students via public address system. The design team members 
observed the students’ reactions, then held a conference to decide on revisions. 
The revised script was then tested with another audience and revised again 
before being broadcast throughout the school system (Cambre, 1981).

The World War ii military film development process did not include this 
sort of formative evaluation. Because of time urgencies and the expense of 
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producing films, it was considered impractical to make trial versions for 
testing. instead, finished prototypes were reviewed by clients and approved 
or sent back for editing changes. There was usually some formal summative 
evaluation, however, consisting of user reports and informal spot surveys. 
important films received a more thorough evaluation, including audience 
testing (Cambre, 1981). 

in the postwar period of educational film and television production, proce-
dures for testing audience reactions and learning were progressively refined. 
instrumentation for measuring cognitive and affective outcomes was the 
subject of a great deal of r&d work, for example, in the navy, air Force, and 
Penn State studies discussed earlier in this chapter. However, these proce-
dures and instruments tended to be used in the process of formal research 
on “learning from television” rather than in the day-to-day development of 
educational materials.

Formative evaluation received a massive boost in the era of programmed 
instruction, largely because of the prescription that learners should prac-
tice mostly correct responses, so that that these desired behaviors could be 
reinforced. How could one be sure that a sequence of frames would elicit 
correct responses? testing was the only answer. in fact, U.S. department 
of defense contracts for programmed training materials required that the 
producer submit evidence that the material had been tested and that 90% 
of the learners made 90% correct responses. So testing and revision became 
part of the culture of programmed instruction. Since programmed instruc-
tion design processes morphed into iSd processes, testing and revision are 
prominent in iSd models. This way of thinking was strongly supported by 
the systems approach’s emphasis on feedback and quality control, thus pro-
viding another rationale for evaluation in iSd.

although Scriven (1967) provided the names for formative evaluation—
data gathered to improve the product during development—and summative 
evaluation—data gathered to validate the success of the intervention after 
implementation—, the ideas were well established in educational technology 
prior to that time.

Formative evaluation. a commitment to continuous evaluation is one of 
the hallmarks of iSd. each phase of the iSd process involves making deci-
sions or creating artifacts, which can be tested through empirical means. 
given that the essence of “technology” is “the systematic application of 
scientific or other organized knowledge” (galbraith, 1967, p. 12), it is the 
formative evaluation function that most contributes to making iSd a “tech-
nological” process. 
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iSd models use various graphic devices to illustrate continuous formative 
evaluation. morrison, ross, and Kemp’s (2004) model showed this principle 
by depicting the formative evaluation function as an ellipse, surrounding and 
interacting with all the other functions. The strategic impact model (molenda 
& Pershing, 2004), discussed at greater length in chapter 3, arranges the analy-
sis, design, development, production, and implementation functions around 
evaluation and revision, depicted as the heart of the iSd process. 

Summative evaluation. Summative evaluation intends to determine the 
ultimate effectiveness of the interventions, often referred to as verification 
or validation. it is conducted after the artifacts or systems have been imple-
mented with users. a major issue is what should be measured to determine 
success. a widely accepted framework was that of Kirkpatrick’s (1998) four 
levels (1998), which proposed that one could evaluate program success by 
any of four criteria: (a) the reaction or satisfaction of learners, (b) the attain-
ment of learning objectives, (c) the transfer of learning to real life tasks, or 
(d) organizational results, that is, the overall impact of the intervention on 
the organization’s goals. The selection of any of these targets could be justi-
fied, depending on circumstances.

Project Management. instructional development projects that require more 
than one person or consume more than a few hours of work may demand 
some attention to their organization and control. The formality of project 
management usually increases as the scale of the project rises. Projects with 
large budgets, especially publicly funded ones, or with serious consequences 
for failure will require tight monitoring and control. For small projects, it 
is often better to tolerate some false starts and scheduling slippage rather 
than stifling creativity with officious management. one of the major find-
ings of mcCombs’s (1986) review of research on iSd was that when mili-
tary supervisors required training designers to document each step of their 
iSd work they either developed boring “paint by numbers” lessons or they 
forged ahead with creative designs and filled out the paperwork afterward. 
as maguire (1994) put it, “the surest way to mismanage a project and jeopar-
dize the product is to put so much emphasis on the schedule that it demoral-
izes the team and drives them to make stupid decisions . . .” (p. 105). 

Several generic management issues arise in instructional development 
projects of larger scope (Foster, 1993). The first set of issues revolve around 
advance planning: determining the overall project objectives, scheduling for 
each phase, preparing operating procedures for the project, preparing a bud-
get, and securing funding. For such projects it is particularly important to 
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anticipate project milestones and be clear about what the “deliverables” will 
be, when the client will receive them, and how quickly reactions and approv-
als must be received (morrison et al., 2004). 

instructional design is a social process as much as or more than it is a 
technology process (Schwen, leitzman, misanchuk, Foshay, & Heitland, 
1984), so interpersonal issues are the second concern. The process is shaped 
in important ways by the social relationships among the members of the 
design team, between the design team, the client, and other stakeholders, 
and between the design activity and the institutional social setting (durzo, 
diamond, & doughty, 1979). in practical terms, someone must exercise 
leadership in establishing a working relationship with the client or sponsor, 
championing the goal of the project, selecting and motivating team mem-
bers, and arranging for healthy communication among stakeholders. 

The third set of issues have to do with organizing: creating an organiza-
tional structure, allocating tasks, delegating responsibility, and maintaining 
a productive work environment. The fourth large issue is day-to-day moni-
toring and controlling as the development is actually carried out: deciding 
on evaluation criteria, conducting formative and summative evaluation, 
taking corrective actions, and holding to the schedule. The final concern is 
terminating the project gracefully and preparing a final report, which might 
include an operations analysis; this analysis of what worked and what went 
wrong can help the team learn how to do better in the future.

in the complex arena of developing immersive learning environments 
and similar interactive systems, the thorniest management problems revolve 
around the actual production process—how to juggle the technical demands 
of computer programming, animation, graphics, and other specialties while 
keeping the focus on the learning goals. This issue is discussed later regard-
ing blended learning environments. 

Project management software. it is now a routine practice to use project 
management software to guide id projects of larger scope. generic programs 
such as microsoft Project™ provide templates for quickly organizing the plan-
ning, scheduling, monitoring, and budgeting activities of id projects. Soft-
ware for carrying out the actual design and development steps is discussed 
later in relation to blended learning environments and the automation of id. 

Design Approaches Other than ISD

although models based on the systems approach are the most widely discussed 
and taught, and possibly, practiced, there are numerous alternative ways to 
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think about developing instruction. dills and romiszowski (1997) provided 
extended descriptions of several dozen approaches, including cybernetic, 
behavioral analysis, situated cognition, semiotic, direct instruction, construc-
tivist, existentialist, structural communications, rapid collaborative prototyp-
ing, simulations, and intelligent tutoring, among others. many of these are 
not intended as fully formed guides to the whole process of planning instruc-
tion. Some deal only with parts of the development process, especially offering 
different options for instructional strategies and tactics at the design stage. 
others are larger than instructional development, offering a different philo-
sophical slant on learning or instruction as a whole. other models address 
particular types of learning goals. For example, van merriënboer’s (1997) four-
component id model aimed to guide the design of learning environments for 
attaining complex technical skills. it traces the steps of determining and then 
practicing the cognitive operations needed for mastery of such complex skills. 
The point is that despite the appearance of an orthodoxy regarding the design-
development process, there is actually a broad diversity of viewpoints to draw 
upon even within the domain of process models. 

Alternative Design Traditions. one alternative view of the larger design pro-
cess is that process models cannot describe fully nor direct effectively suc-
cessful design efforts for any but the simplest situations. in this view, design 
is seen as a space in which creators of artifacts (e.g., materials, experiences) 
grapple with multiple tensions and desires from multiple sources. Their 
efforts at problem solving within this space are based on rich experiential 
knowledge and training in habits of thought and performance that guide 
them (goel, 1995; rowe, 1987). The distinction between this view and the 
prevalent model-centric view in educational technology was illustrated by 
rowe (1987) as he wrote about the proliferation of process models following 
the systems thinking revolution of the 1950s in architecture. He described 
the failure of “phase” or “staged process” models for that field. in his descrip-
tion, these models are similar to those used in instructional design, being 
“characterized by dominant forms of activity, such as analysis, synthesis, 
evaluation and so on” (p. 46). rowe observed, “What seemed necessary [at 
the time of their development] was a clear and logical procedure for produc-
ing designs and plans that could be understood and participated in by all 
those involved” (page numbers). He acknowledged the conceptual under-
standing that was gained through the effort, but

in spite of the very real contributions that were made, at least to our under-
standing of these processes, in almost all cases the step beyond description 
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to a normative realm in which process became pursued as an end in itself 
resulted in abject failure. attempts to devise the process became exercises 
in inanity when compared to the great subtlety and profundity of observed 
problem-solving behavior. (rowe, 1987, page numbers)

Similar struggles over prescriptive “waterfall” process models have taken 
place in software engineering. They, too, have applied the addie mental-
ity and found that it can grow into highly prescriptive routines that require 
large manuals to describe. as in instructional design, people can belabor this 
approach into one that is slow and cumbersome. douglas (2007) described 
alternative approaches being explored in software engineering, including 
“agile design;” these alternative approaches are more adaptive to the situa-
tion and more people oriented. Seen from these alternative perspectives, the 
centrality of highly prescriptive step-by-step iSd models within this field 
might be questioned.

in The Design Way, nelson and Stolterman (2003) detailed a philosophy 
of design as a tradition and culture; that is, a way of life with multiple facets 
including the internal (development of judgment, a sense of responsibility 
for the effect of one’s designs, etc.) as well as external (data gathering, sys-
tematic analysis, etc.). in this view, the designer does not follow a model of 
design process, or inhabit a “design space” as a skilled actor, but inhabits 
the world at large as a member of the design tradition. in this view, design 
is not primarily a matter of solving problems (which, even if they have no 
clear-cut solution, are by definition solvable), but a matter of shaping the 
world toward desired, and perpetually unknown, states. This shaping is car-
ried out from a posture of service to that world, which implies equal-status 
participation from the world—that is, the designer is not the knowledgeable 
solution provider, but the legitimate collaborator with those on whose behalf 
design is being carried out. in this view, the character of the designer, not 
just her behavior or skills or knowledge, is fundamental and is the source of 
a flexible process.

User design. a limitation of traditional iSd is that involves end users—
teachers and learners—very little in the design process. on the one hand, 
this deprives users of the power to control and learn from their own work of 
knowledge construction. on the other hand, it handicaps designers in that 
they miss out on insights that could be offered by users, and their products 
often face neglect or resistance by users. The concept of user design attempts 
to rectify this power imbalance. Burkman (1987) was an early advocate of 
improving the efficacy of instructional design products by involving end 
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users in the design process, on the basis that people are more likely to accept 
and use solutions that they helped design. 

Carr-Chellman and Savoy (2004) portrayed a range of design approaches 
from user-based, to user-centered, to truly user-controlled or emancipatory 
design, which can be transformational for learners and the institutions in 
which they operate. They also discuss the difficulties of such user-controlled 
approaches, in terms of time expenditure and tension in the power dynamics 
among the participants. This is an area in which research has yet to reveal an 
optimal solution for the benefit of all stakeholders in learning. 

Design research. as envisioned by laurel (2003), coming from a software 
development environment, the process of design should involve a full spec-
trum of research tools based on the goals of the particular design enter-
prise. in the case of instructional design, Carr-Chellman and Savoy (2004) 
described a range of learner involvement, from responding to surveys and 
questionnaires to participating as full partners in action research (p. 712). 

Rapid Prototyping. The concept of rapid prototyping refers to the early devel-
opment of a small-scale prototype in order to test key features of the design 
(Wilson, Jonassen, & Cole, 1993). This idea is not entirely new to educational 
technology, being foreshadowed in the 1950s in the educational filmmaking 
practice of preparing “treatments” for review prior to production. and in 
an early iSd model, diamond (1975) advocated visualizing an ideal solution 
and discussing it with the client as an early step in the iSd process. How-
ever, tripp and Bichelmeyer (1990) demonstrated how this notion could be 
adapted from software engineering to instructional design to address the 
problem of escalating expense of id, especially in the corporate realm. They 
recommended a four-level process including the stages of performing a 
needs analysis, constructing a prototype, utilizing the prototype to perform 
research, and installing the final system. 

Learning Environments

Using the term loosely, a learning environment could be anything from a 
classroom, to a school, to a state of mind. Within the context of educational 
technology, it means a physical or virtual space that has been designed to 
provide optimal conditions for learning, including access to rich resources, 
possibly focused on a problem and possibly supporting exploratory learning. 
a computer-based simulation such as SimCity™ could be considered a learn-
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ing environment. The math emporium (described in chapter 3), a physical 
space with self-instructional, computer-mediated learning resources and 
live tutors, is another example of a learning environment—a self-contained 
system that is highly supportive of focused learning.

The creation of sensorially rich, empowering learning environments has 
a long tradition in educational technology. in the 1940s, edgar dale (1946) 
based his audiovisual pedagogy on “rich experiences . . . flavored with direct 
sense-experience [having] a quality of newness, freshness, creativeness, and 
adventure, and . . . marked by emotion” (p. 23). 

george leonard (1968) envisioned an elementary school of the future 
as a free, open, learner-centered environment. although leonard’s uto-
pian vision has not materialized as such, he was prescient regarding the 
realization of many of the elements of the future school. on this future 
campus, each child has an individual educational plan (mandated by law 
for special-needs learners in 1975) and pursues a curriculum that includes 
experiences in the interpersonal, intrapersonal, kinesthetic, and many 
other domains (a la Howard gardner’s, 1983,  theory of multiple intelli-
gences, proposed and implemented in some experimental schools). They 
learn basic skills through interaction with brilliant projected displays (e.g., 
the plasma screen, developed in Bitzer’s Plato Cai lab, patented in 1971) 
by means of computer-controlled input devices (also as in the Plato lab). 
The subject matter comes from a cross-matrix data bank, which allows 
random retrieval from a “general cultural data bank” (leonard, 1968, 
p. 145; akin to the World Wide Web, operational in 1992). Students share 
images on their displays with other students (as with the dyKnow Vision™ 
tablet PC, in use in 2000). leonard’s was a rich environment involving 
both face to face and mediated activities that cover an array of intellectual, 
athletic, artistic, spiritual, and moral experiences. more recent develop-
ments in technology and pedagogy have fueled new visions of ideal learn-
ing environments. 

Constructivist, Rich Environments for Active Learning (REAL) 

rich environments for active learning (reals) are comprehensive instruc-
tional systems that incorporate the features considered desirable according 
to the constructivist perspective, namely, to promote study and exploration 
within authentic contexts; to encourage individual learner responsibil-
ity and initiative; to cultivate collaboration among students and teachers; 
to support dynamic, generative learning activities; and to use authentic 
assessment to determine learner achievement (grabinger, 1996). Cognitive 
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flexibility theory, anchored instruction, and PBl are all theoretical con-
structs that have inspired the creation of reals. 

Problem-Based Learning (PBL)

medical education is historically the most prominent venue for PBl, but it is 
currently being adapted to the school and college settings. in a PBl learning 
environment, small discussion groups of students accompanied by a facili-
tator are confronted with a constructed, but realistic, problem. They then 
engage in inquiry to understand and solve the problem. The learners discuss 
the issues, derive learning goals, and organize further work (e.g., literature 
and database searching). learners present and discuss their findings in sub-
sequent sessions. They then apply the results of their self-directed learning 
to solve the problem. a PBl cycle concludes with reflections on learning, 
problem solving, and collaboration (Savery & duffy, 1996).

Blended Learning Environments: Real, Simulated, Virtual, and Mixed

one of the cutting edge areas for technology-based learning is the cre-
ation of immersive environments that blend elements of real life, computer 
simulation, video games, and virtual reality in various hybrid combina-
tions (Kirkley, S. e., & Kirkley, J. r., 2005). For example, on a field trip to a 
wetland students who are investigating the effects of pollution might wear 
headgear showing heads-up displays of information about water quality and 
wildlife in the area. or military trainees might practice conducting a search 
using arabic language in a middle eastern village by way of a notebook PC 
displaying a 3-d simulation of the village and its inhabitants; the virtual 
villagers respond to the trainees’ questions, which are analyzed with voice-
recognition software. By adding a scoring mechanism, this simulation could 
include a gaming element. 

These immersive environments usually include some level of simulation, 
which are open-ended representations of “evolving situations with many 
interacting variables” (gredler, 2004). The pedagogical value of simulations 
is that they allow users to play roles, deal with problems, and experience the 
consequences, thus learning by doing (gredler, 2004, p. 571). 

a common variation on the digital simulation is a microworld—a com-
puter-based exploratory environment that “feels like” a miniature self-con-
tained world in which a participant can explore alternatives, test hypotheses, 
and discover facts about that world. it differs from a simulation in that the 
participant is encouraged to view it as a real world in its own right, and not 
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simply as a simulation of some slice of reality. educational microworlds have 
been built for the study of physics (Thinkertools), mathematics (Sim Calc), 
and genetics (genScope), among other subjects (rieber, 1996). 

many other combinations of these immersive elements are possible, for 
which there are not yet even agreed upon names. What they have in com-
mon is the goal of creating environments in which learners experience 
realistic problems in lifelike settings. Such environments allow learners to 
manipulate variables that are interconnected as in the real world, allow-
ing them to find patterns and see how different actions affect outcomes, 
allowing learning to occur inductively. S. e. Kirkley and J. r. Kirkley (2005) 
saw great potential for mixed reality environments, especially when they 
include game-type activities, but they also acknowledged that such com-
plex immersive simulations could pose challenges for learners who are nov-
ices in the subject matter or the technology. They also pose challenges for 
designers. 

Creating immersive environments. The first challenge of complex immersive 
environments is that the design process requires multidisciplinary teams, 
which might include “not only instructional designers and subject matter 
experts but game and interaction designers as well as graphic designer/mod-
elers, programmers and perhaps even script writers and actors” (Kirkley, 
S. e., & Kirkley, J. r., 2005, p. 49). each of these specialties may have their 
own design processes and technical issues, all of which have to be co-ordi-
nated. S. e. Kirkley and J. r. Kirkley (2005) developed an authoring tool, 
iiPi Create™, which can guide teams through the phases of analyzing the 
learning needs, translating those needs into objectives and evaluation crite-
ria, and developing activities and environments to achieve those objectives 
(p. 50). appelman (2005) recommended focusing on the learner’s experi-
ence, or experiential mode, and elaborating the details of the learning envi-
ronment as one would build a concept map (p. 72). Because of the difficulties 
of creating such programs, they tend to be concentrated in areas where tra-
ditional training is too expensive or dangerous or both. 

Trends and Issues Related to Creating

Analog-Digital Dilemma

a dominant trend in educational technology since the 1990s is the uneasy 
coexistence of the whole panoply of analog media (e.g., slides, audiocassettes, 
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videocassettes, films, overheads, etc.) alongside the expanding array of digi-
tal (computer-based) media. Both classes of media are characterized by a 
multitude of incompatible formats and conflicting standards. 

instructors—in schools, colleges and universities, and in corporate set-
tings—still frequently rely on the older, more familiar media formats, such 
as video, slides, and overhead projection. in schools and universities, VHS 
videocassettes still constitute the backbone of media collections, and they 
are still widely used for showing motion images. in corporate training, video 
recordings are still used in over half the companies responding to the train-
ing magazine annual survey (dolezalek, 2004). Slides in the traditional two-
by-two format are still preferred for subjects in which high-resolution visual 
images are critical. overhead projectors remain a convenient format for 
spontaneous creation of verbal or graphic images (molenda & Bichelmeyer, 
2005). instructors understand the value of communal viewing of certain 
kinds of materials on a large screen with a high-definition image (as with 
theatrical films). They resist giving up the analog capability until these sorts 
of experience can be matched by the digital media.

From the administrative point of view, a lot of capital and human resources 
are tied up in acquiring, maintaining, and moving around the hardware 
needed for this usage. even more time and effort is expended in develop-
ment projects to produce new customized software in the analog formats. 
typically, the output of such projects is too specialized to be adopted or even 
adapted by other instructors. Therefore, such projects are both expensive 
and low impact (South & monson, 2001).

at the same time, educational administrators are struggling to meet the 
demand for more and more computer-based infrastructure. The hardware 
needs to be constantly upgraded, while software becomes obsolete at a diz-
zying pace. The capital and human costs of this proliferation of media for-
mats and the attendant complexities of working are daunting.

The way out of this dilemma being chosen by many institutions is to gradu-
ally reduce support for analog media and to shift to a policy of acquiring and 
producing future materials in digital format. The media production head at a 
major university reported that “the production tools we now use are all digital 
in nature. . . . We shoot broadcast quality digital videotape, edit video and 
author dVds on computers, and output the complete product to a digital for-
mat (dVd or Web)” (r. Zuzulo, personal communication, march 3, 2006). 

Further, organizations are looking for standardized formats in order to 
increase compatibility across departments, even to the point of imagin-
ing a single database for all the organization’s instructional media. Such 
standardization would move in the direction of reusable learning objects, 
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thus introducing the possibility of actually reducing the cost of providing 
instructional media as needed by instructors. 

Critique of ISD

From time to time since the 1990s, various voices have questioned the con-
tinuing viability of the iSd approach to instructional design. The recent 
criticisms have come primarily from two directions. The first is from corpo-
rate training specialists, who say iSd is too expensive in terms of time and 
manpower in view of the results given. The second is from academics with 
a commitment to the constructivist view of teaching learning, who felt that 
iSd springs from the behaviorist paradigm and therefore inherently leads to 
inadequate solutions.

The corporate criticism was probably presented most strongly by gordon 
and Zemke (2000), who quoted experts charging that the iSd approach is 
too slow and clumsy for the fast changing digital environment, fails to focus 
on what is most important, and tends to produce uninspired solutions. a 
follow-up article (Zemke & rossett, 2002) examined these questions more 
closely and concluded that there were valid points on both sides of these 
questions, but that shortcomings were more often the fault of the people 
using the process rather than the process itself. They concluded, “iSd is the 
best thing we have, if we use it correctly” (Zemke & rossett, 2002, p. 35). 

other critics have focused on gordon and Zemke’s (2000) first criticism—
that iSd is ill suited to the digital environment, which typically requires 
quick turnaround lest the problem change or disappear before the solution 
is completed. a recent review of alternative models for online distance edu-
cation (Schoenfeld & Berge, 2004) indicated that many of them are adapta-
tions of the addie outline, with special features in one or more of the major 
stages. one popular concept that appears in a number of models is rapid 
prototyping, discussed earlier in this chapter. it suggests the early creation 
of a rough prototype of proposed solution, then testing and revising increas-
ingly full and finished versions of the solution. The paradigm at the heart of 
such a process is successive approximation, rather than the linear process 
implied in the addie approach.

Constructivism may be viewed as a challenge to iSd either at the level of 
selecting instructional methods or at the broad philosophical level (dick, 
1997). at the methods level, constructivism is a label for a learner-centered 
pedagogy based on widely accepted principles from cognitive psychology. 
as such, it is possible to use constructivist prescriptions to design more 
immersive, problem-centered activities. So, the systems approach remains 
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the guiding paradigm at the strategic level, but at the tactical level some con-
structivist techniques can be employed.

Viewed at the broad philosophical level, constructivism is an alternative 
paradigm to previous theories of learning and instruction. Some claim, 
therefore, that it requires a design and development process that is entirely 
different. Willis and Wright (2000) proposed guidelines for “constructiv-
ist instructional design,” which entailed a participatory team engaging in 
a spiral process of progressive clarification of the problem space, the learn-
ing strategies to be used, and the very objectives of the lesson. This process 
would involve rapid prototyping and frequent learner input. 

Complexity of Instructional Design and the Need for Automation

advances in technology have not made planning and producing easier, but 
more difficult (Spector, 2001) and more labor intensive, with each hour of 
interactive multimedia instruction requiring 300 person hours of develop-
ment time (merrill, m. d., & id2 research group, 1998). as described ear-
lier, creating Cai lessons or immersive learning environments entails huge 
expenditures of manpower just for the computer programming. in addition, 
the overall project management can be highly complex and time consuming. 
development projects may include not only multiple computer-based media 
but also databases and performance support systems, requiring communi-
cation and co-ordination among a team with widely varying specialties: 

an instructional designer may interact with managers, with people per-
forming training tasks, with subject experts, with system specialists, and 
so on. a designer proposes solutions and defends project plans, manages 
a project, chooses media, develops storyboards and other products, con-
ducts evaluations, and so on. . . . as project complexity grows, so does the 
need to collaborate and to coordinate activities. (Spector, 2001, p. 31)

many attempts have been made or are under way to manage this complex-
ity with software. First, as described earlier, authoring software was devel-
oped to reduce the difficulty of computer programming for routine Cai. in 
the 1980s and through the 1990s, m. d. merrill and the id2 research group 
(1998) worked at automating the process of selecting instructional strategies 
for different learning needs and also the process of creating routine lessons 
based on the selected instructional strategies. They later developed a proto-
type product, “id2 instructional Simulator,” for building exploratory learn-
ing environments (merrill, m. d., & id2 research group, 1998, p. 261). all 
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of these products are based on the creation and reuse of knowledge objects. 
However, the use of these systems has not spread far beyond the organiza-
tions directly involved in the development. Conceptual and technical issues 
have continued to impede the automation of instructional design (Spector, 
Polson, & muraida, 1993). 

Conclusion

The processes related to creating in educational technology have evolved 
greatly over time and changing technologies, as have the theories underly-
ing them. The early mass media that were adapted to educational purposes—
film, radio, and television—were largely shaped by the paradigms of their 
commercial counterparts. Script-based programs followed the protocols 
of historical reenactments, demonstrations, ethnographies, and the other 
genres found in the commercial world. experiments, based first on gestalt 
and cognitive theories and later on behaviorist theories, provided insights 
for refining aV presentations that contributed to cognitive, affective, and 
motor skill learning. evaluation studies also contributed to improvement of 
individual programs.

a more systemic and systematic procedure for planning and producing 
instructional media evolved after World War ii under the influence of the 
systems approach and behavioral learning management protocols. Used 
at first to produce programmed instruction lessons, instructional systems 
development (iSd) models, which took many locally adapted forms, came to 
be applied generally to the planning and production of all sorts of instruc-
tional materials and systems. The common denominator of most iSd models 
is the logical progression from analysis to design, to development, to imple-
mentation, to evaluation in an iterative cycle.

When mechanical teaching machines were replaced with programmable 
computers the iSd process remained, but the production stage required a 
whole new set of skills in computer programming or at least in using author-
ing software. as the internet grew in popularity in the 1980s and 1990s, 
education and training programs searched for ways to incorporate computer 
conferencing into distance education programs. When the World Wide Web 
emerged as the dominant internet service, designers were able to combine 
student-to-student and student-to-instructor interaction with static text or 
moving images into one lesson package whose components were connected 
with hyperlinks, allowing users to explore the resources more or less freely. 
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This new capability gave impetus to discovery learning and PBl systems 
inspired by constructivist theories. 

in addition to the systems approach, design approaches to creating in 
educational technology have been borrowed and adapted from many other 
fields, including visual arts, software design, sociotechnical systems design, 
organizational development, and cognitive psychology, to name a few. one 
of the future challenges is to decide whether to retain, adapt, or discard sys-
tems approach models and to find ways of thinking about design that are 
productive for the changing media environment of the 21st century. 

With the continued miniaturization and convergence of media under 
the computer umbrella, instructional developers face new technical chal-
lenges in terms of ever-changing programming languages and authoring 
systems. They also confront whole new mindsets about what a learning 
environment is and how it should be structured, particularly in regard to 
the sort of guidance that learners should have as they grapple with prob-
lem scenarios and open-ended databases of real or simulated informa-
tion. Complex immersive environments, which may combine elements of 
reality, simulation, and virtual reality, hold promise for meaningful, PBl. 
They also bring new design and development challenges, require orches-
tration of many different specializations, each with different vocabularies 
and design approaches. 
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