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In this paper, I describe some of the institutional and curricular implications of 100% student
access to personal computing. I then explore the new perspective which these conditions create
on the availability of courseware, on the process of courseware development, and on future direc
tions in courseware development.

A new challenge and a new opportunity are created by
the machine-rich environment that exists when every stu
dent has a computer. The challenge is in reexamining the
contents of the curriculum and looking for things worth
doing with the computer. The opportunity lies in introduc
ing a computer-based component into the entire psychol
ogy curriculum, tying together the entire curriculum in
new ways which introduce a new kind and level of ex
perience for faculty and students.

The personal computer allows one to create a structured
learning environment, not only in the lecture hall and the
tutorial laboratory, but also wherever the student keeps
the machine. Freedom of access helps to free instructional
computing from the capture effect of the computer itself.
In a machine-rich environment, it is no longer possible
to capitalize on whatever intrinsic motivation effect is
created by providing students with access to a scarce
resource. In addition, ease of access creates new oppor
tunities for the use of microcomputer application programs
(e.g., Hewett, 1985) and for courseware development.

Several ideas presented here were first developed while the author
was the recipient of faculty development and courseware development
minigrants funded from a grant to Drexel University by the Pew
Memorial Trust. In working out some of these ideas, it has been partic
ularly useful to have the opportunity to view and discuss with colleagues
at Drexel the wide variety of courseware materials which they have de
veloped, or are currently developing. The final draft of this paper has
benefited considerably from the reactions and feedback provided by
anonymous reviewers and by colleagues at Drexel who read and com
mented on earlier drafts.

Reprint requests should be mailed to the author at: Department of
Psychology and Sociology, Drexel University, Philadelphia, PA 19104.

A NEW PERSPECTIVE ON COURSEWARE

One cumulative effect of the factors which become
salient in the switch from a machine-sparse to a machine
rich environment is to force a new perspective on cur
rently available courseware and upon which new
computer-based activities ought to be developed and how
they ought to be developed. For example, looking at the
availability of courseware, Hewett and Perkey (1984) re
cently argued that when an educational institution sets a
goal of 100% student access to personal computing, there
is actually very little in the way of good-quality university
level courseware readily available for instructional use.
This claim seems to be true, regardless of the source of
the courseware or the personal computer involved.

One of the more obvious factors involved in justifying
this claim is cost-both in money and in time-to the stu
dent. Does one really want to require students to do
computer-based work in an instructional laboratory or
tutorial session when the same work can be done more
thoroughly and efficiently by a student working on his
or her own machine at a more convenient time and place?
Does one really want to tack an extra $50 to $100 onto
the costs for each student for each introductory-level
course taken? (In actual practice, many students would
not pay this much extra, given the ease of software piracy.
However, we do not want to be in the position of en
couraging students to steal the product of someone else's
creative efforts.)

Another factor, implicit in the arguments made by
Hewett and Perkey (1984), is that the amount of time a
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student spends in learning while in college is quite large
relative to the amount of time that can be filled by the
available courseware. For example, suppose that the use
ful psychology courseware currently available could all
be assembled to run on a single computer using a consis
tent user interface. How many courses from the entire
curriculum would be affected? With some judicious pick
ing and choosing, it might be possible to computerize in
troductory courses in experimental psychology, statistics,
and possibly in social and cognitive psychology. In addi
tion, bits and pieces of courseware in several other courses
could be put on disk, but that is about all.

A NEW COURSEWARE DEVELOPMENT
ENVIRONMENT

What is particularly important about the scarcity of
courseware is that in a machine-rich environment, an in
stitution is forced to move away from the situation where
there is only grudging recognition, if any, of either the
legitimacy or the desirability of creating courseware as
part of a faculty member's instructional role. Unlike a
machine-sparse environment, where courseware developers
have sometimes had to fight for recognition and ac
knowledgment of their work, courseware developers will
find their skills and interests are valued in a machine-rich
environment. In addition, developers will find a reason
ably large number ofcolleagues from other disciplines who
are willing to explore and share ideas both about techniques
and about pedagogical goals and philosophies.

The problem is how to remain a psychologist and a
teacher instead of becoming a programmer. Part of the
solution to this problem lies in the institutional emergence
of a new courseware development environment. The same
pressures which force institutional recognition of the value
of courseware development force a change in the nature
of the courseware development process. These same pres
sures also force upon courseware developers a more
realistic view of the relative importance of the various
activities involved in courseware development.

The Two Roles in Courseware Development
In a machine-sparse environment, the beginning course

ware author is burdened with two roles: figuring out what
the computer ought to be doing and figuring out how to
get the computer to do it. This latter problem requires
a considerable investment oftime in developing the skills
needed to implement a good idea. Once the programming
skills have been developed, an experienced courseware
author may take only one afternoon to develop a program.
However, it may take 10 years to really understand how
to present the material. There are two key points here.
The first is that the courseware developer has to under
stand the material. The second is that good ideas are in
short supply, but programming talent is not.

To redress this imbalance, it is necessary to involve
faculty members who have good ideas for courseware de
velopment without requiring that they learn the intrica-
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cies of programming. This type of faculty involvement
necessitates the creation of a pool of programming talent
to provide support in instructional software development.
These programmers then work closely with individual
faculty members to develop courseware which serves the
faculty members' instructional goals and needs. This type
of service greatly enlarges the pool of faculty members
who can work productively on courseware development
without having to risk giving up their disciplinary iden
tification.

Definition of Courseware Development Roles
·Given that it is possible to identify two roles in course

ware development, how are the roles to be defined and
how are the individuals to interact? Anyone setting out
to design courseware in a machine-rich environment
should read The Mythical Man-Month by Frederick
Brooks (1975). Brooks, who was manager ofIBM's Sys
tem 360 development project, argued for placing a
premium on conceptual integrity of design. This led him
to suggest that there be a clear separation of roles in soft
ware development. Likening the design and completion
of software to the construction of a building, Brooks pro
posed that a software development project should have both
an architect and an implementer. (Somehow, "builder"
seems more appropriate than "implementer.") The soft
ware architect, like the architect of a building, is the user's
agent. "It is [the architect's] job to bring the professional
and technical knowledge to bear in the unalloyed interest
of the user, as opposed to the interests of the salesman,
the fabricator, etc." (p. 45). In this case, however, the
architecture Brooks is describing is "the complete and
detailed specification of the user interface" (p. 45).

The builder, or progammer, is to have creative and in
ventive control over the actual implementation of the ar
chitect's design. Thus, the builder's job is to bring tech
nical and construction skills to bear in developing a clean,
realistic, efficient, smoothly operating product. In part,
the discipline which prevents the architect from develop
ing unrealistic and unimplementable specifications is im
posed both by the available building materials and by the
technical skills and creativity of the builder. In part, the
discipline which prevents the builder from adding good
ideas or features which do not integrate with the system's
basic design concepts is provided by the architect's specifi
cations and requirements. The dynamic tension between
architect and builder requires close, detailed communi
cation between them and a mutual respect for the skills,
goals, and constraints which govern the options available
to each.

The Relationship Between Courseware
Architect and Builder

A courseware architect needs to engage in a continu
ing process of self-education on capabilities, limitations,
and possible options for implementation of various generic
ideas to be used in courseware development. That is, the
architect must understand the nature of the tools and
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materials available to the builder. In particular, the ar
chitect needs to be continually alert to the possibility that
a particular program shell or generic application already
available to the builder can be modified to serve an ar
chitectural goal of which the builder may be unaware.

The architect should be responsible for development of
the initial draft version of project-planning documents to
be provided to the builder. These project-planning docu
ments should contain a description of the complete ar
chitecture of the courseware, focusing primarily on the
nature and sequence of user interaction with the course
ware module, and a general statement of the objectives
of the programming work to be done. A useful tool in
this context is the development and revision of
"storyboards." Storyboarding is a technique borrowed
from filmmakers. The courseware architect uses
storyboards to create a visual representation of the se
quence and nature of end-user interactions with the com
puter by providing "snapshots" of crucial screen displays
or choice points in the interaction.

Depending upon the amount of programming time be
ing devoted to the project, the architect should hold regular
planning and evaluation sessions. These sessions should
be conducted with all individuals working on the project.
Part of the focus of these meetings should be upon revi
sions of the planning document and storyboard which may
be necessitated by the new ideas and unanticipated
problems which emerge in the working out of the ar
chitect's plans.

It is particularly important for the architect to listen to
the builder's ideas because they can represent a rich source
for improvements to the overall design. However, it is
the architect's job to protect the conceptual integrity of
the overall design of the courseware module from addi
tions or changes which do not fit, regardless of how good
the ideas are (unless, of course, the original design proves
to be fundamentally flawed, in which case it should be
scrapped and a new one developed).

It is also important for the courseware architect to be
prepared to protect the builder. Because programming
is often a creative activity involving a great deal of ab
stract thought, it is easy for the builder to overestimate
the ease with which something can be accomplished. This
can lead to an investment of considerable time and energy
in trying to solve a problem that appears to be quite im
portant to the programmer, but which is relatively minor
in the context of the whole project. Sometimes the easi
est way to solve the problem is for the architect to rede
sign around it.

A NEW EMPHASIS IN COURSEWARE
DEVELOPMENT

Just as the machine-rich environment forces a new per
spective on available courseware and on the courseware
development process, it forces a new perspective on in
structional computing and the kinds of courseware that

ought to be developed to support it. Among the more
salient features of the new instructional computing en
vironment are the user's freedom of access to a computer
and the architect's opportunity to develop courseware
which spans the curriculum. These features suggest that
major aesign criteria to be optimized are the transporta
bility and multifunctionality of the courseware. The
materials should be transportable in the sense that they
should be usable wherever the student has a machine to
use, not just in an instructional laboratory. The course
ware should be multifunctional in that, in one mode or
another, it should be usable in several ways or in more
than one course (e.g., as a demonstration in introductory
psychology and as an experiment simulator in one or more
upper-level courses).

This new perspective also emphasizes the importance
of a particular role for the computer. It leads to recon
ceptualization of certain types of courseware. It suggests
the possibility for emergence of new instructional goals
for courseware. In order to highlight the similarities and
differences between the old and new perspectives, it will
be useful to consider some recent analyses of how com
puters might be used in instructional computing in ways
other than having them do numerical calculations when
the desired end result is the numerical calculation itself.

Instructional Computing Taxonomies
Taylor (1980) distinguished between three major

"modes" of instructional use for computers: the computer
as tutor, as tool, and as tutee. Castellan (1983) identified
four strategies for instructional computing which he feels
are particularly appropriate for use in teaching the be
havioral and social sciences. These strategies are drill and
practice, data generation, experiment simulation, and
gaming simulation. Collyer (1984) proposed five models
of instructional computer use for "things that seem to
work," in fostering thinking and understanding: having
the student program the computer, using the computer to
replace things that already work, simulating specialized
procedures and situations, providing behavior to be ob
served and described, and posing' 'problems of analysis
and solution."

Taylor's modes. In Taylor's (1980) taxonomy, when
the computer functions as tutor, it has been programmed
by one or more experts in programming and in the sub
ject matter of the tutorial. When the experts have done
their job well, the tutor can easily adapt to a wide range
of individual differences among learners. However, this
mode typically requires many hours ofexpert work to de
velop a single hour of good tutoring. Among the reasons
Taylor offered for the high work-to-product ratio are:
(1) that humans, having intuition, are more flexible than
any machine; (2) that a human tutor can omit many de
tails of preparation, being able to count upon spontane
ous improvisation to fill in both strategy and substance;
(3) that programming is still an awkward, time-consuming
activity; and (4) that with the computer as tutor, the stu-



dent is getting individualized lesson time which greatly
increases the substantive and strategic details necessary
to individualize the lesson.

The computer becomes a tool when it has some useful
application capability programmed into it. The best ex
ample of this is word processing, which can be used in
a variety of subjects. Other applications identified by Tay
lor include: (1) calculator in math and science assign
ments, (2) map-making tool in geography, (3) performer
in music, and (4) text editor and copyist in English.

The computer assumes the role of tutee when the user
must instruct the computer in the performance of some
task using a language the computer "understands." Taylor
argued that this is the instructional computing mode which
offers the greatest long-range educational benefits. His
reasons for this are threefold. First, the human tutor must
understand the task before it can be taught to the com
puter. Second, through work with computer logic, the hu
man tutor will learn about the workings of computers and
about the working of his or her own mind. Third, no time
or money is spent on finding and/or acquiring predesigned
tutor software.

Castellan's strategies. The first of four strategies for
instructional computing identified by Castellan (1983) is
drill and practice. The most useful areas of application
for drill and practice, Castellan argued, are to be found
where there is a need for the learning of basic skills which
can be polished by repetition with a large number of ex
amples and where the material can be presented in small
chunks (e.g., the algebraic skills needed for work in statis
tics courses). Optimally, the student understands, or at
least has been exposed to, the general principles or the
ory and needs to improve skills. The advantages of com
puterized drill and practice lie in the immediacy of feed
back, the opportunity to test understanding by working
more of the same kind of problems, and the larger vari
ety of problems that can be provided. (In other words,
the student can customize the drill and practice problem
set, working only with the type of problems needed and
with as many as needed.)

Typically, data generators, as described by Castellan,
allow the user some degree of freedom in designing an
experiment, which the computer then runs by randomly
generating a set of artificial data. These data are con
strained by a model (e.g., the general linear model) with
specified parameters derived from the results of various
studies reported in the literature. After the data have been
generated, the user is expected to analyze and interpret
the data. Usually, the user needs to have done some back
ground preparation in the content material before using
the data generator. Also, data generators often have scor
ing systems set up to encourage thoughtful experimental
design over simple exhaustive testing of alternative pos
sibilities.

The third strategy identified by Castellan is the use of
experiment simulators. Experiment simulators enable the
user to be the subject in an experiment, with the com
puter both simulating the experimental apparatus and con-
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trolling the sequence of events. Many programs allow the
user to vary parameters and to run other "subjects" as
well. Providing performance data in either raw or sum
mary form enables the user to analyze and interpret the
findings.

In discussing gaming simulations, Castellan identified
the use of an abstract program or "game" to teach a set
of basic principles of some kind. Castellan's view seems
to be that gaming simulations are most valuable for a user
who is developing skills by actively engaging in an ab
stract task which is an analog of situations for which prior
experience might be misleading or might interfere with
skill development.

Collyer's models. One of Collyer's (1984) "things that
seem to work" in fostering thinking and understanding
is programming. Collyer described two major advantages
in learning to program the computer. The first of these
is the learning that takes place about the computer's in
tended task during the ongoing problem analysis while
the programmer is trying to get the program to work. The
second kind of learning is the development of a sense of
control and mastery that goes with successful accomplish
ment of a task.

Another of Collyer's models of instructional comput
ing involves replacing things that already work. Collyer
reviewed some suggestions for using the computer as a
general-purpose machine to simulate special-purpose
equipment, such as a tachistiscope, pursuit rotor, reac
tion timer; an IQ, aptitude, or projective test; a Stroop
demonstration; or an impossible-figures display. The goal
is to have one computer do the work of several special
purpose devices where the simulation works at least as
well as does the special-purpose equipment.

Collyer's third model involves using the general
purpose computer to simulate specialized procedures and
situations including various well-known experimental
procedures. He argued that these simulations can make
concepts more concrete and tractable, while providing a
hands-on feel for the data-gathering process. Although
simulations can be used as lab projects or in independent
work, Collyer commented that the major benefits of com
puters as simulators may well be best exploited when they
are used as parts of lectures and discussions.

In describing the model ofproviding behavior to be ob
served and described, Collyer (1984) referred to the con
cept of unknown process analysis (Collyer, 1983). This
model involves having the students observe and describe
the relationship which results from an unknown process's
intervening between the pattern of inputs which they pro
vide and the outputs returned by the computer.

Collyer's (1984) final model of instructional comput
ing involves posing' 'problems of analysis and solution. "
With an unknown process governing the relationship be
tween inputs and outputs, it is possible to engage in the
kind of problem solving in which the student induces a
hypothesis about the underlying process and develops
procedures for conducting empirical tests which will yield
confirming or disconfirming evidence. This hypothesis
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testing can be done either where there is a critical test
which allows evaluation of competing alternative
hypotheses, or where a pattern or series of observations
is required to choose among alternative hypotheses.

A synthesis. Despite dealing with the same subject
instructional computing-each of the three taxonomies
described above differs substantially from the others.
Although these differences could be the result of error,
it seems more likely that each approach captures essen
tial components of instructional computing. One way of
reconciling the apparent discrepancies lies in recogniz
ing that there are actually three participants in instruc
tional computing: student, instructor, and computer (or
program). Taylor's focus is upon the roles of the student
and the program. Castellan's focus is upon types of pro
grams. Collyer's focus, ignoring the activity of program
rning, is upon the instructor's goals. (Programming is ex
cepted here, because it is an activity which is done in
pursuit of one or more goals rather than serving as a goal
in and of itself.)

If each of these three taxonomies is treated as being a
single dimension of a larger, three-dimensional categori
zation, we might have something that looks much like the
scheme in Figure 1. Along one axis appear the three
different roles for the computer; along a second, the types
of programs; and along the third, the instructor's goals.
While some cells in this structure may be empty, it seems
reasonable to assume that most, if not all, cells could be
filled. For example, an experiment simulator could be de
veloped to tutor a student, a student could use an experi
ment simulator as a tool in gathering data, and a student
could "teach" the computer to be an experiment simula
tor. In anyone of these three cases, the instructor's goal
might be to replace a piece of apparatus that already
works, to simulate a specialized procedure, to provide be
havior for observation and description, or to pose a
problem for analysis and synthesis.

A New Perspective on Instructional
Computing

If one believes that learning is enhanced by having the
learner actively engaged in working with the raw material

Drill & Practice

Data Generators

Experiment Simulators

Gaming SimulatIOns

Figure 1. A three-dimensional taxonomy of courseware.

out of which knowledge is constructed, two roles for stu
dent interaction with the computer-using the computer
as a tool or as a tutee-are more useful than using the
machine as a tutor. As with programming, the use of the
computer as a tool actively engages the student in work
ing with the raw material out of which knowledge is con
structed. However, unlike programming, it does not re
quire the student to spend enormous amounts of time in
activities which contribute only indirectly to the develop
ment of knowledge.

Similarly, if one believes learning is enhanced by hav
ing the learner focus on the thinking involved in the de
velopment of knowledge rather than upon the details of
procedures, two roles for student interaction with the
computer-using the computer as a tutor or as a tool
are more useful than using the machine as a tutee. As with
the computer as a tutor, the role of the computer as a tool
focuses the student's attention upon the raw material of
the structure of knowledge rather than upon the proce
dures used to obtain it or develop it. However, unlike the
computer as a tutor, it requires the student to be actively
engaged in creating that structure. In other words, the
primary role for the computer in instructional computing
is that of the computer as a tool, a tool with a useful ap
plication programmed into it. Because of freedom of ac
cess to computers, and the pressures it creates to have
transportable and multifunctional software, it is here that
the major thrust in instructional computing will occur in
machine-rich environments.

Why deemphasize the role of the computer as a tu
tor? Using the computer as a tutor-a situation in which
the student is typically in a passive role relative to the
machine-will probably continue to be a part of instruc
tional computing for a long time. It will, however, in
creasingly represent a smaller and smaller percentage of
instructional computing at the university level, if only be
cause students who have other, more interesting things
to do on their computers will not use it, given a choice.
In addition, computer-based tutorials tend to be difficult
to create because they require so much attention to dia
log and to anticipating all possible responses. As Taylor
(1980) pointed out, the amount of time and money that
must be invested in developing tutorial materials offer
ing the benefits of both quality content coverage and in
dividualized lessons tends to be large. This cost imposes
a major selection criterion on the choice of content
materials to be used as a focus for computer tutorials. It
is hardly worth the cost and effort to develop a flexible,
interactive tutorial on material which may be outdated
within a year or so after its completion. In the long run,
the type of materials that will continue to be the focus
of computer-based tutorials will be those for which the
content areas are relatively well structured and stable over
time and/or for which there is a consistent and ongoing
need for an environment in which to practice basic skills.

Why deemphasize the role of the computer as a tu
tee? Collyer (1984) and Taylor (1980) suggested that
programming is a useful activity because of the benefits



that accrue from the discipline and the understanding of
a problem area required when one has to "teach" some
thing to the computer. (In other words, programming re
quires an active, structured engagement with the raw
material out of which knowledge is built.) In fact, Tay
lor went so far as to suggest that this instructional use of
the computer offers the greatest potential long-range
benefit.

Programming, in and of itself, is a useful exercise. It
probably does have the benefits claimed for it as an aid
in understanding mathematical abstractions and the con
cepts embodied in a programming language (Papert,
1980). It may even be a useful thing to do if one believes
that programming exercises and understanding of com
puter logic generalize to other worthwhile areas of en
deavor. However, for many content areas, the argument
that programming is an aid in understanding content is
similar to the argument that using a machine tool to make
a hammer is an aid in understanding how to use a ham
mer. It may be true, but it seems a rather cumbersome
method for learning to use a hammer.

As anyone who has tried can attest, programming can
be a very laborious, awkward, and time-consuming ac
tivity which also requires a lot of attention to details not
relevant to the solution of content problems. Furthermore,
the level of programming sophistication required to work
productively with substantive content problems in an
upper-level course, for instance cognitive psychology, is
relatively high. Consequently, it is reasonable to wonder
whether there are other ways to achieve the same results
with less pain on the part of the student.

If faculty do not have to become programmers to be
courseware architects, students do not have to become
programmers to learn. The learning that takes place in
trying to "teach" something to the computer can be ac
complished in ways that do not require imposing the limi
tations of programming. Furthermore, the sense of con
trol and mastery over the machine which programming
may provide can be developed in a single programming
course or through the use of powerful application pro
grams, such as a word processor or a spreadsheet.

Thus, although we can use programming exercises in
a few courses and may want to use them as optional
projects in others, we simply do not want to tum all of
our courses into programming courses. We do not want
to do it for exactly the same reason that we do not want
to require students to perform statistical analyses in ev
ery course they take. They may learn statistics, but the
course content gets lost. Consequently, having students
program the computer will not be, and should not be, of
major importance as an instructional use of the computer
and should constitute a relatively small portion of what
happens in instructional computing across the curriculum.

A New Philosophy of Instructional Computing
One consequence of emphasizing the role of the stu

dent as an active user of the computer as a tool is the
change in focus it forces upon the nature of useful course-
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ware and its development. When courseware is viewed
as a set of application tools which enable the student to
actively create the structure of knowledge, the courseware
architect's role is to design courseware so that the stu
dent is able to explore the raw material from which that
knowledge is to be constructed. The student should have
the freedom to make mistakes, but should not be over
whelmed by factors which may appear to be relevant, but
are not. In other words, the courseware architect should
seek to provide a constrained problem or knowledge space
for exploration and a tool with which to explore it. One
of the fringe benefits of this approach is that most soft
ware tools tum out be be multifunctional and can often
do double or triple duty.

In the development of application courseware that con
verts the computer into a useful tool, the unidimensional
taxonomies developed by Castellan (1983) and by Col
lyer (1984) provide a useful starting point for creating
guidelines to structure the task of the courseware architect.
Both taxonomies need to be refined or extended, however.
For example, the goals identified by Collyer-replacing
things that already work, simulating specialized proce
dures and situations, providing behaviors to be observed
and described, and posing problems for analysis and
solution-can be extended to include at least two more:
developing new things that work, and creating special
ized procedures and situations. Similarly, there are refine
ments which need to be made in Castellan's taxonomy
of programs. First, the nature of drill and practice needs
to be reconceptualized. Second, gaming simulations are
actually a major subset of a larger category of simulations.

There is also an additional dimension which can be
added to characterize an important aspect of courseware.
This dimension is related to the source of the content. The
content of various types of courseware can be rooted, in
varying degrees, either in real situations or characteris
tics of the world, or in the hypothetical characteristics of
an imaginary world.

Practice and exploration. Reconceptualization ofdrill
and practice appears to be necessitated by the new direc
tions in which traditional forms of drill and practice can
be extended when every student has a computer and the
machine is viewed as a tool. When the primary purpose
of the courseware architect is to create a tool for explo
ration of a knowledge space, some programs may well
contain elements of drill and practice. But, the idea of
drill and practice becomes subordinated to that of repeated
exploration of problems arising out of the knowledge
space. Thus, the emphasis is upon practice and explora
tion of the nature and structure of the knowledge domain
to which the program provides access, rather than on drill
and practice of basic skills. (For examples, see Perkey,
1986.)

Microworld simulations. Gaming simulations belong
to a category of simulations which create a microworld
where the computer serves as the arbiter and enforcer of
rules governing the operation of the microworld. A player
user enters the microworld and is then expected to dis-
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cover some or all of the rules, to learn how to live by
them, and to exit from the microworld successfully, with
success being determined by some kind of scoring sys
tem under which points are awarded. Multiuser
microworld simulations often involve different players in
different roles requiring cooperation, competition, or
some mixture of both. In single-player microworld simu
lations, the computer may play dual roles, serving both
as arbiter of the rules and as either an opponent or a col
laborator for the player.

The simulated microworld can involve re-creation of
some segment of the real world, as with a flight simula
tor, or it can be entirely imaginary, as with some of the
popular computer-based adventure games. In either case,
the successful player must learn a great deal about the
operation of certain pieces of special-purpose equipment
that are part of the simulation. Similarly, the successful
player must develop an understanding of certain special
ized procedures and situations represented in the simula
tion. In addition, the successful player must observe and
describe a number of behaviors and their consequences.
And finally, the successful player must analyze and solve
a variety of complex problems that require hypothesis test
ing and confirmation procedures.

Real versus imaginary. The discussion of microworld
simulations suggests an additional dimension to course
ware. This is the dimension of real versus imaginary
sources for the instructional content. Practice and explo
ration exercises can be used to work with basic knowledge
to which the student has already been exposed, and they
can be used in the development of new knowledge struc
tures which might be useful or required in some possible
future world. Data generators can be constrained by
models having parameters derived from real data or from
the characteristics of the model, or they can be constrained
by the characteristics of a model of some imaginary situ
ation with interesting or useful characteristics. Experiment
simulators can be used to recreate and replicate "clas
sic" studies with the student as subject, as experimenter,
or both, and they can be used in the creation ofexperimen
tal conditions or procedures which have not been used
before or which may be useful in some possible future
situation. Finally, microworld simulations can be used to
simulate the operation of real-world processes, or they
can be used to create an imaginary microworld having
some particularly useful, desirable or simplified charac
teristics.

Summary: A new taxonomy. Pulling together the var
ious threads running through the analysis of courseware
described above, the overall result is a view of a course
ware development which emphasizes the desirability of
viewing the computer as a tool to accomplish certain goals
using one of several types of programs which may con
tain instructional content from either real or imaginary
sources. This analysis is illustrated by the three
dimensional taxonomy of courseware for the computer
as a tool represented in Figure 2. This figure differs from
Figure 1 in that two layers of cells, those for the com-

Practlce & Exploration

Data Generators

ExperIment Simulators

Micro-World Simulations

Figure 2. A courseware taxonomy for the computer as a tool.

puter as a tutor and those for the computer as a tutee, have
been stripped away, leaving behind only those cells
representing uses of the computer as a tool. Another
dimension, the source of the instructional material, has
been added to the figure, and the refinements and new
categories described above have been included.

As implied by Figure 2 and the discussion above, in
a machine-rich environment, there are several types of
programs-practice and exploration, data generators, ex
periment simulators, and microworld simulations-which
can be developed as tools. Any of these tools can be
shaped to serve one or more of several goals: to replace
things that already work, to develop new things that work,
to simulate specialized procedures and situations, to cre
ate specialized procedures and situations, to provide be
havior to be observed and described, and to pose problems
for analysis and solution. The instructional content of the
courseware tools can come from either of two sources.
It may be based directly upon considerations and factors
existing in the real world, or it may be derived from some
imaginary world with useful or interesting characteris
tics. Bringing to bear a thorough knowledge of the con
tent area, it is the role of the courseware architect to de
termine the goal(s) that the courseware is to serve and
to select the type of program which gives the best fit with
the goal(s) and the knowledge structure or problem
space-real or imaginary-that the student is being asked
to explore.

Courseware for the Psychology Curriculum
At the time the microcomputer project was begun at

Drexel, there was no Macintosh courseware of any kind
for any psychology course. To deal with the problem of
developing courseware for the psychology curriculum, our
department has been working on a two-part solution. The
first part involves the conversion of a set of previously
class-tested materials for use in the new context. The sec
ond part of this approach is directed toward the develop-



ment of a systematic process for identifying and develop
ing a curricular resource catalog of simulations, ex
periments, and so forth to be targeted for future de
velopment.

Short-range strategy. Working with instructional sup
port programmers, Chute (1986) has been the architect
involved in converting a series ofclass-tested experiments
and demonstrations into a set of Macintosh-based experi
ments. The sequence of experiments and exercises from
which Chute has been selecting his materials are part of
a frequently utilized set developed over an extended period
and class tested in a traditional format. These experiments
are used to teach students a variety of fundamental con
cepts in general experimental psychology.

Chute's long and active involvement in the refinement
of these materials, and his frequent prior use of them in
an instructional environment, has helped to ensure the ini
tial selection of a pedagogically useful subset for com
puterization. Now that the first set has been computer
ized, it is undergoing formative evaluation as members
of the faculty utilize it as part of the instructional materials
in the introductory psychology course. Meanwhile, ad
ditional architectural specifications and courseware mod
ules are under development.

Long-range strategy. The second part of our attack
on the problem of developing courseware for the psychol
ogy curriculum is to develop a resource catalog of simu
lations, experiments, demonstrations, and so forth which
can be implemented in computer-based form. The long
range goal is creation of a library of Macintosh-based
courseware modules from which individual faculty mem
bers will be able to select when structuring their courses
at both the introductory and advanced levels. Many of
these modules will be usable wherever the student has a
machine.

CONCLUSION

When every student has a personal computer, the
widespread availability of this new technology creates a
new challenge and a new opportunity. What is unique is
the opportunity to widely disseminate the raw material
out of which knowledge is built, and the tools with which
to build it. The challenge is to create courseware which
captures that knowledge and its structure, and which en
ables the student, using the machine as a tool, to find his
or her own way through that knowledge space.

For example, machine-as-tool courseware application
programs, such as experiment simulators, are of special
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value when the user is more interested in the thinking be
hind an experiment than in the experiment itself. By ask
ing students intelligent questions, one can get them to play
with simulations and discover the underlying processes
for themsleves. This is especially effective when each stu
dent has a computer. It allows all the time a student needs
for changing various parameters to answer, "What
if... ?" Thus, this kind of courseware enables a student
to experience directly the stuff from which knowledge is
derived and to learn to work with complex knowledge in
tuitively, and in so doing get a feel for how different
changes affect a system.

The machine-rich environment also brings us closer to
the change in the nature of the instructor's role which has
been forecast since the early years of computer-assisted
instruction. Increasingly, courseware will consist of
special-purpose applications programs which the student
uses to explore knowledge space within the constraints
of the courseware application tool. This kind of course
ware and the new instructional computing environment
enables finding one's own way through knowledge. In
creasingly, the role of the instructor will focus more on
the process of motivating and guiding students' explora
tions of the structure of the knowledge contained in the
application, or accessible through its use, and less upon
transmitting information.
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