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CHAPTER 1

Introducing the
Microcomputer

As You Read This Chapter, think About:

1. Your perceived needs, as W ell as the school district's or
your organization's needs, that could be-at least partially
met by the microcomputer.

2. What kind of decisions you have td make prior to
purchasing a microcomputer and/or to effectively use the
microcomputer.

3., What a microcomputer is and how it funotions.

INTROIWCTION

As sure as a blizzard can be forecast, the educational forecast for the
future is that the microcomputer will be an essential .part of every class-
room. If used to its capacity, all students will learn at their own individual
rates with tasks, concepts, and-processes broken down into appropriate.
steps. Each individual- will be able to learn through approaches de-
signed specifically for him or her.

This latter statement has a rihg of-familiarity for all special educators
because we have been tryrng for years to tndividualize, learning for
handicapped persons. The-microcomputer can help teachers do just
thattotally individualize instruction so that every student is challenged
to learn but not frustrated because of being at a failure level. Obviously,
just owning a microcomputer will not do.till of this for ybu. The micro-

(
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computer is much like the special education student who conies to us
because of severe functioning problems. The student must be pro-
grammed correctly to produce adequate results. The same is true with
the microcomputer: Without the right software and without the right
hardware, the microcomputer can do little for us in education.

Therefore, prior to purchasing any microcomputer, your agency Must
thoroughly assess its needs in order to obtain the maximum benefit from
this powerful teaching tool. First, a committee should be formed of those
persons who are interested in using the microcomputer. This committee
should consider the f011owing questions:

1. Who will be in overall charge of the school's computer equipment? ...

2. Who will see that all users of the computer(s) are properly instructed
in their use? ..

3. Where will the equipment be used (and stored)? ...

4. Who will make the decision that your computer will need repair and who
will take charge of that repair? ... Where will repair monies- come
from?

5. Who will investigate sources of computer software? ...

6. Who will schedule the use of the computer?

7. Are there adequate power outlets? . .

8. What training will your . teachers (and staff) have? ..

9. Will parents be used to help with the implementation of your
program?

10. What is the purpose of buying a microcomputer for your school? (Chaf-
fee, 1982, p. 76)

This book is designed to help you (a) assess your needs, (b) make
decision& about purchasing software and hardware, and (c) use the
microdomputer effectively. Every chapter begins with statements you
should think about while reading the chapter and ends with a list of
sources that can furthermsist you. At the end of each chapter are
questions and exercises Ilbsigned to assist you in understanding the
information that has just been presented. You will learn a little about the
microcomputer itself and its functioning, about software and hardware
considerations, about instructional and administrative uses for the mi-
crocomputer, about uses for the microcomputer in special education,
and about some elementary microcomputer programming.
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For Discussion

1. The microcomputer has the capability of revolutionalizing
instruction in the classroom.and of providing a tool that
can imPlement one of the most important beliefs in special
education. Discuss how this belief could be implemehted
in special eduCation, in mainstreaming, and in regular
education.

2. Why is appropriate software the key to implementing this
belief?

THE MICROCOMPUTERf IT'S HERE

In the 1960's, interest flared briefly over devices known as teaching
machines. But students quickly tired of these pieces of equipment that
called only for simple true-false type responses. In the 1970's, lotv cbst
pocket calculators found their way into the classroom. These little ma-
chines undoubtedly paved the way for perrhanently incorporating tech-
nology into education. As a result of technological breakthroughs, it is

now possible to consider microcomputers as a regular part of teaching
technology. The microcomputer goes beyond the teaching machine and
the calculator in that it allows-the learner to perform complex interdetion-
type responses. The key word here is interaction because the micro-
computer has the capability to analyze learner responses and then react
to those responses. In fact, the learner, and the machine can commu-
nicate with each other:

The computer is a powerful tool that we're all going to have to learn to use,
and that means aff of us in edutalion.... TildfinOtogy is not going to take

over the job of teaching. But the computer will create a new role for
teachers. The teacher won't have to know how to do all of the coMputing.
But he or she will have to be able to give direction. (Shear, 1981, p. 23)

"To be able to give direction" means to use the microcomputer advan-
tageously to reach the primary goal of educationto provide the knowl-

edge and experience necessary kir every Individual to become a self-

sufficient adult. As one of my educable mentally retarded physically
handicapped students put it in his high school commencement speech,
"I may not become what my classmates may becdme, but I will be the
best man I can." The microcomputer is one of the tools that can help us
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as special educators provide growth experiences for our learnersto
become "the best" they can.

If current trends continUe all classrooms will soon have access to
microcom-Puters. It has been projected that within 15 to 20'years stu-
dents will carry home their own units, plug them into television sets, and
complete their homework assignments. The unit could be the size of a
looseleaf notebook and have programmed into memory the student's
homework assignmenttotally individualized.

The direction indicating the availability 'of microcomputers in every
classroom is supported by reports found in a number of sources. For
example, Instructor Magazine completed an attitudinal survey_on com-
puters in education. Questionnaires were received from 4,000 edu-
cators in the fall of 1981. lp the first 2,000 received, which closely
paralleled the demographics of the country's 1,085000 elementary ed-
ucators, "86 percent of respondents expressed a high level of interest
in computers personally and perceived the same of others in their
schools." ("Computers?4You Bet I'm Interested," 1982, p. 76). Of the
2000,, 39% indicated they used computers for instruction. Of the 1180
who did not use computers for instruction, 68% indicated they did not
have access to them,

Why the interest in tomputers, or the small computer called the micro-
computer? The'rnicrocomputer can test and analyze the results of tests;
individualize instruction with an appropriate task analysreand presenta- _

tion for the individual; organize, analyze, and present material; store
material, test results, etc., in memory; and develop problem-solving
abilities, The microcomputer has infinite patience, can Objectively indi-
vidualize and yet interact with the student on a first name basis, and can
keep track of the student's progress. It can be invaluable in the.Individ-
ualized Education Program (IEP) process as it assesses the student,
determines goals and behavioral objectives for the student, stores as
well as transfers the IEP wherever it is necessary, and provideecopies
for ali appropriate persons.

As a side benefit, it will force educators to learn more about how
humans think. In analyzing how the computer "thinks," teachers will
learn more about the thinking process itself.

For teachers, learning about the computer is a must so that the
microcomputer can be a tireless teacher's aide. Learning about comput-
ers is a must because "microcomputers themseliies are useless unless
they are accompanied by appropriate educational programs or soft-
ware" (Hannaford & Sloane, 1981, p. 55). Learning about computers is
a must if we as special educators are going to maximize the devel-
opment of handicapped persons in order to help them control and/or
alleviate_their handicaps (Joiner, Sedlak, Silverstein, & Vensel, 1980).

What does "learning about computers" mean? It means becoming
computer literate. There are many definitions for computer literacy,

. 1 1
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ranging from those that are as simple as "to understand computers" to
those that are not only precise but involve an advanced degree in
computer science. For our purposes, computer literacy will involve "the
history, opergon, and applications of computers, as well as the social,
psychologicalInd vocational impact of computer-based technology"

(Thomas, 1980, p. 1).
What does all this mean? Let us first refer to the general definition of

literacy. To be literate, one must be able to'read and write, be able to
understand, and be able to have command of the language. Therefore,

to be computer literate, the educator Must understand what the micro-

computer can do by gaining knowledge of the development of the micro-
computer, its component parts, how it works, why it does whatever it

does, and the social and psychological implications of its uses. Then the
educator can learn enough of "the language" to be able to tell the
machirle what to do, The educator must be able to understand what the
computer is saying (for example, when it says "syntax error") and then

to "speak" the same language in written form to makelhe machine
"understand" and respond as desired. Computer literacy, like any other

literacy, is not an absolute but is on a continuum.. With the .computer
revolution-evolution moving at an ever increasing rate, betoming rela-..
tively computer literate will take continued effort on the. part of thd
educator. Computer literacy cannot be, taught in one course or. 'One

insdrvice presentation. Someone who is computer literate today but fails

to continue expanding his or her knowledge, will rapidly become com-

puter illiterate.
How literate are you? The Minnesota Educational Gorisortium's Com-

puter (MECC) Literacy Project has developed a comprehensive set of

objectives for the cognitive and affective domains. These objectives as-

well as a copy of their "Computer Literacy Concept" bibliography are
valuable' tools to assess your own 'skill level (see Sources for Further

Anformation).

For Discussion

1. Why is "interaction" an important function of -educational
programs for the microcomputer?

2. How would you define "computer literacy" as it relates to

your professional needs?

a Where are you at the present time on the continuum
toward computer literacy and what is your plan for
advancing further?
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WHAT IS A MICROCOMPUTER?

A microcomputer is &it of all a computer, and a Computer is a machine
(called hardware) that f011ows directions. The microcomputer stOres,
compares, changes, and maniqulates information according to a set of
instructions called a program (softWare). These programs are wriitten in
language or code which can be interpreted by the machine.

When we as special educators' 'analyze Our students:we do so in
terms of input, process, and output. The microComputer can be ana-
lyzed the same way: the major parts of the cornputer are referred to as
parts that 'input, process, or output information (see Figure 1).

First, Information is fed into the microcomputer. If we are developing
our own program; we input informatiorr into the computer's. "brain"
called the central processing unit (CPU)by typing on a keyboard that
is usually opanized like a typewriter keyboard. If we input information
that has already been programmed, called software, we do so through
a-rdisk,drive, tape recorder, or program cartridge. If our micrOcomputer
has a disk drive, the preprogrammed input is on a disk; if we have a tape
recärder, the program is on tape. If the selected computer can accept
program cartridges, we may purchate cartridges that slide into a car:
tridge tiolder.

Output is usually viewed and comes in one of two forms. Often a
television or video monitor is hooked up to the microcomputer so that the
user can see the program "inPut" and the results of the proCessing of
that program. The. second major device for outPut is the printer, which
provides a hard copy'or printout of rnformation as requested through the
cpu. Information can also ,be received via a voice synthesizer.

FIGURE 1.
Microcomputer functioning.

INPUT PROCESS
,

OUTPUT.

External Memory:
Disk Drive
Tape Recorder
Cartridge
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Immediate
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Keyboard
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.
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Central Processing
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ROM
PROM
EPROM
RAM

-

- Display Monitor
Television
Printer
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Information isprocessed through the.CPU. It is important to remem-
ber that the CPU does only wharit is told to do by A program. For'
example, special programs can allow the CPU to translate other pro-'
grams from external memory (iA, disk, tape, br cartridge) into a lan-
guage form that the computer ca anipulate (machine language). It
can also receive infOrmation m the keybbard or in some instances
from voice coinmend.

,Memory can be discussed in terms of both external. and intelmal
memory. External memory defines how large a program can be in order
to be stored on a tape, disk, or cartridge (i.e., disk capacity). Internal.
memory "determines how much information the computer can store and
manipulate" at one time (Taber, 1981, p. 2). Internal memory is a tran-
sient membry with specific addressable location's. "Each memory lo-
cation can store either an instruction to the microprocessor or an item
of information to be processed" (Prentice, 1981, p. 90).

The terms bit encl./3We are used when discussing memory. Comput-
ers process informatiorfin4he form of a series of onioff signals. A bit is
the smalleSt piece of information (one on or off signal to the computer).
A byte (usually 8 bits) iS the smallest information unit and represents a
letter, number, or symbol.

Memory capacity is measured in k's: 16K, 32K, 48K, 64K etc. One
K equals 1,024 bytes and 'generally refers to the number of bytes-that
can be stored in the computer at one time. For example, when a pro-
gram on a disk is too large to enter internal memory at one time, the
computer reads from the disk a part of the program and then, by com-
mand, returns to the disk to get or load the next segment of the program.

Other important terms used to describe internal memory Are ROM,
PROM, EPROM, ancleAM. ROM means read only memory which is
preprogrammed memory permanently located within the computer. It
cannot normally be Changed. 'ROM often includes the machine lan-
guage ,system routines (routines that allow the CPU to communicate
with inpUt and output devices). PROM means programmable read Only

memory, which is memory that can be programmed by the user. Like
ROM, it cannot normally be changed once programmed. PROM often
includes custom prOgrams,'such as a routine to communicate with a
special peripheral not normally, cohnected io that computer., EP,ROM
(erasable programmable read only memory) is like PROM, except its
programs can be erased by exposing the memory chip to ultraviolet
light. The chip can then be reprogrammed.

Another type of memory is RAM. RAM means random access mem-
ory, whith can be programmed, reprogrammed, or edited. Examples Of
RAM include the space available for the operation of programs and the
creation of new programs. You may hear this term used in connection
with the Purchase of a memory chipwhich can extend your computer's
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capabilities. A Word of caution here: If you ever Consider the purchese
of memory chips, obtain advice frorn a person who understands what
chips are compatible with your machine, with your system's power sup-
ply, and with the memory already. present (Schneider, 1981).

You should be familiar with, one additional term to understand the
basics of the. microcomputerperipheral., A peripheral is any extra
equipment that you can add on or attach to your.microcomputer. A
printer is a peripheral. Joy sticks and control knobs, used with many of
the popular computer games, are peripherals: Light pens are 'periph-
erals that can be useq by physically hindicapped individuals to interact
with the computer. Another "add-on" is a speech synthesizer that can
be especially helpful to persons with visual -or reading impairments.
Another peripheral that has previously been vsed on main frame com-
puters and is now being used on microcomputers is the MODEM. A
MODEM, zr MOdulthor/DEModulator, connects one computer to
another over telephone lines, transforming computer lan6uage to audio
signals and back to computer language at the other end:

For Discussion

1. Define the
Hardware
Softwaie
CPU
Printer
PROM

following as they relate to
Keyboard
Memory
Program Cartridge
ROM
EPROM

the microcomputer:
Peripheral
RAM
MODEM
Tape Recorder

2. What are the major parts of the microcomputer and how
does each relate to input, process, and output?

3. What is computer memory and why is it important when'
learning about the microcomputer?

4. Name three types of external memory on which information
-Thilay be stored.

5. Explain bit, byte, and K as they relate to memory.

6. What are the primary means of Qutp6t for the
microcomputer?

1
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7. Why is the availability of peripherals of great importance to
the special 'educetor?,

MICROCOMPUTER LANGUAGES

As mentioned earlier, humans communicate with computers through a
language that is understood by that comp'uter. Many microcomputers
speak a language called BASIC (Begihner's All-purpose Symbolic In-
struction Code). However, the "dialect" in BASIC for one microcomputer
is not necessarily understood by other microcomputers. This fact is
especially important to remember because software created in BASIC
for one microcomputer may not work on another microcomputer that
understands BASIC. For example, software created for the Apple proba-
bly will not run (work) on the Atari, or vice verse_ The importance of
understanding this incompatibility will be further explained in the next
chapter.

The language educators need to be most familiar with is BASIC:
BASIC was created for the novice programmer in order to make pro-
gramming as simple as possible. BASIC is similar to the English lan-
guage. You may also hear the term authoring language or authoring
system. An authoring language is a language distinct from other lan-
guages. Some authoring systems generate programs Which run under
BASIC. Chapter 6 presents more information about BASIC and authqr-
ing languages and systems. At this point in the text, be comforted in
knowing microcomputers come with manuals that provide elementary
instruction in the specific language(s) designed for that machine.

There are, of course, other languages used in programming comput-
ers. Each one is designed with a particular purpose in mind. Foraxam-
ple, FORTRAN (FORmula TRANslator) is designed primarily for the
math/science field, and COBOL (COmmon Business Oriented Lan-
guage) is designed for college students and the business field.

Most languages include a special section of programs which allows
the CPU to translate that language into a machine language. Machine
language is a set of binary codes which can be interpreted by the CPU
to cause its internal circuitry to be charged to perform the specified

'functions. Some professional programmers program directly in machine
language but this requires advanced study in mputer programming.
However, since programming directly in machi elan. uage requires less
memory than other languages, such as BA achine language is
sometimes used by software cpmpanies who programs are long and
complex and require extensive memory.
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For Discussion

1. What is computer language and why does the educator
need to understand computer languages and their
functions?

2. Why is it impertant to know what language or dialect of p
language speeific computers understand?

3. What is the rriost popular computer lahguage used in
programming educational software? ,

4. What is machine language?

SUMMARY

Chapter 1 has introduced the reader to the microcomputer by providing
r background information orilhe development and use of the computer,

,by discussing the major parts and elementarykfunctiorft of the micro-
computer, and by introducing computer languages and their functions.
The next two chapters provide information that will help the reader
determine the importance of increasing his or her computer literacy
regarding software and hardware evaluation, prior to purchasing the first
microcomputer or in the continuing use of microcomputers.

For Further Discussion

1. What is computer liteiacy?

2. Why is growth in computer literacy important prior to
purchasing microcomputers?

3. Should purchasers of hardware be proficient in computer
programming? Defend your answer.

4. What facts about the microcomputer and its functions do
you consider important for the educator to understand and
why?

5. How can the microldOputer assist the special educator?

/ 7 -
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CHAPTER 2

Software Considerations.
and Evaluation

444.

As You Read This Chapter, Think About:

1. Why one must considei software and hardware evaluation
and inservice training before purchasing microcomputers.

02. Why the evaluation of software Is especially important,to
the purchaser and the user of the micrpcomputer for
educational purposes.

sa How to establish a method of evaluating software and what
should be included on any form used for this"purpose.

4. How both external and internal evaluation of soffware can
be beneficial in the,decision-making process both prior to
purchasing a microcomputer and in using the
microcomputer effectively.

5. How to establish a means within your school
system/university to determine the needs a microcomputer
could meet.

IMPORTANCE OF SOFTWARE EVALUATION

4

Chapter 1 introduced the microcomputer. This chapter and the next
provide information that' will assist in purchasing microcoMputers for
educational purposes. The considerations coVered are a rhust lf the
microcomputer is to become an edugationally effective tool in the class-
room and a cost-effective item to pàrchase:,

13



14 Software Constelerattons

Three major considerations are covered in these next two chapters:
software, hardware, and inservice training. Software consideration will
be covered first because it is the most important. Hardware and in-
service training are covered in Chapter 3.

"The first step in selecting a computer is defining just what you need
it for" (Frenzel, 1981, p. 44). Most of us have some general idea why we
want to purchase a microcomputerto instruct students, to keep
records, or to teach programming. However:we really need to be much
more specific than that. We need to create a list of planned uses and
then tc; rank them in order of importance.

Since the concept of using the microcomputer is relatively new and
since we want our purchase to be cost-effective, a// persons who will
have the opportunity to use this machine should be asked to provide
input. Often a school system puts one or two persons in charge of
computers for the district. This person(s) is expected to investigate and
purchase computeri and to. prqvide inservice education to the staff. In
order for the microcomputer to Be accepted by the staff and faculty, they
need to be involved in the investigation, selection, and implementation
process. Furtharmore, if this process is carried out by a group, one,
idea/need will stimulate othersespecially if the group is not computer
literate. After an initial list of needs is created, the group should be
encouraged to think about further uses and learn more about the capa-
bilities of this machine by reading computer magazines; by attending
workshops developed by commercial companies, local education au-
thorities, univeriities, and user groups; by visiting computer stores to
talk to salespersons and view programs; by talking to persons who have
experience with computers; and by joining user groups and national
associations. .

When the list of uses is relatively co-mplete, it is time to investigate
existing software and hardware. Software is hardware specific. That
means any given program can only be used on the machine it was
created for. Therefore, prior to determining what hardware meets your
specific needs, a search of effective educational software must be un-
dertaken. This chapter will help you investigate the area of software.

Some of you may be thinking that this consideration is not important
to you because you would like to create your own software. That is fine:
(a) if you have the technical expertise, (b) if you have the time, end (c)
if you have the financial backing, because release time from teaching
will probably be necessary if you plan to create high quality, edu-
cationally effective programs. On the other hand, you will probably want
to do at least some of your own programming. However, quality
programs beyond simple drill and practice get quite complicated and
most educators initially do not have the necessary expertise to program

iftware.

21



Microcomputers in Special Education 15

As you gain experience you will probably want to modify programs or
create software that is appropriate to your educational needs. Much of
th.e software on the market today is not educationally effective since
much of it was created by computer technologists who know little, if
anything, about educational principles. However, some comikiercial
companies and school systems have hired persons with both edu-
cational and technological expertise to develop programs that are based
on educational principles and that use the microcomputer's capabilities
effectively.

The time factor is also a deterrent to creating one's own programs.
Educationally sound and technically correct programs can take up to
1,000 hours to create, and most educators lack the necessary time.

The amount of money needed to create effective software is another
factor to cohsider in developing effective programs. Gleason (1981)
pointed out that "production of high-quality programs is expensive;
$10,000 per instructional hour is not unrealistic" (p. 12).

When one adds to the previously mentioned factors the fact that
programs are not only language specific but machine specific, software
evaluation prior to purchasing a microcomputer takes on a new im-
portance. Remember, a program designed for a specific machine, like
an Apple II, may not run on other microcomputers such as the Atari.
Therefore, it is very important that effective software availability be
considered before purchasing any hardware. Naturally, evaluation '
should also occur prior to purchasing software. The importance of this
pre-purchase evaluation cannot be stressed too greatly. Many edu-
cators have bought microcomputers based on hardware aloneonly to
have them take their place beside other dust-collecting items because
effective programs were lacking. Holznagel, Past-President of the Na-
tional Association for Educational Data Systems (AEDS) and Coordi-
nator of Microcomputer Software and Information for Teachers Clear-
inghouse of the Northwest Regional Educational Laboratory, verified
this lack of effective software programs. He indicated that mostssoftware
programs, especially those that originate in the classroom, are poorly
designed, are poorly implemented, do not run to completion without a
problem, and lack clear obtectives (Isaacson, 1981).

Ar

_),
For Discussion

.1. what are the tasks a microcomputer could perform in your
school system/university to meet specified needs?

Who should be involved within your school
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system/university in determining the probable uses of the
microcomputer and why?

3. What are some reasons why it is unwise to purchase a
microcomputer without investigating/evaluating software
first?

4. What are some reasons why it is difficult to do all of your
Own programming if you are primarily ie the educational
profession as a teactmi; administrator, aide, etc.?

What skills might be appropriate for the person in charge
of educational microcomputer program development?

EXTERNAL EVALUATION OF SOFTWARE

Microcomputer software evaluation can be external, based on evalu-
ation from outside sources, or internal, based on your own or your
school system's evaluation. Both types of evaluation will be discussed
because both ,should be eMployed to make appropriate selections. It
should be kept in Mind that as problems, or glitches, are discovered in
software, revisions are made by the publisher. The implications of this
are that evaluators' criticisms may no longer apply to the program cur-
rently being sold.

Whenever external evaluations are considered, a number of ques-
tions need to be addressed as to the validity and reliability of those

evaluations:

1. Are you .Considering the same version of the program that was
reviewed?

2. Does the evaluator have edutational Credibility?

Doei the evaluator have technological credibility?

4. Is the evaluation limited as to its subjectivity?

5. Was the program considered for an audience with needs similar to
the audience for which the program is intended?

6. Was the audience considered in the eVtaliotion similar to tha'-one
that will use tbis program in thit school system/univeriity?

The second and third questions are meant to ascertainwhether or not
the evaluator has both educational and technologic& credibility. The
evaluator should un.derstand educational principles and have extensive
teaching experience or be otherwise educationally associated with the
audience for which the program, was designed. The fourth question

2ti
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addresses subjectivity. To limit subjectivity, 'several evaluators should
independently evaluate the program. The results should bebased on
that which is consistently found between two or more of these evalu-
ators. The fifth and sixth questions address the audience considered in
the evaluation and its similarity to the audience that would be using the
program. A program designed for one'audience may not be appropriate
for another audience. Certainly, the evaluation should clarify the- group
for which the program was judgedby age, ability levels, handicapping
conditions, and so forth.

Holznagel (1981) indicated that "most current efforts at evaluation are
characterized by a narrative review written by one person, published in
a magazine or journal ... [and that] Criteria and approach usually vary
with evaluators and publications" (p. 38). He further stated that evalu-
ations should follow a "consistent procedure and set of criteria" (p. 38).

One example of a model that addresses evaluation of software using
a "conestent procedure and set of criteria" is the MicroSIFT Model from
the Computer Technology Program of the Northwest Regional Edu-
cational Laboratory (Holznagel, 1981). MicroSIFT was designed to be a
clearinghouse for microcomputer software and has as "one of its goals
the development and imptementation of an evaluation process and, re-
lated instruments for educational courgeware" (Jostad, 1982, p, 25).
This model follows four general stages of evaluation: (a) sifting, (b)
description, (c) peer evaluation, and (d) in-depth evaluation.

The first stage, sifting,, simply determines whether or not a program
will be considered. No sletermination of clue* is made at this point.

The' second stage, descriptiOn, identifies information such as specific
topic, grade and ability level, [and] required hardware. Instructional tech-
niques, behavioral objectives, and prerequisite skills are also identified

here.
During the third stage, peer eyaluation, the educational value and

instructional quality of the software are determined by peers or teachers
whose experience is in the subject area and grade or ability level of the
package. These teachers must also have experience using computers
in 'then instructional \process.'

The fourth stage, in-depth ,evaluation, Includes pretest and posttest
observations and other techniques used for evaluation. Since this last
step is both time-consuming and expensive, it has not been imple-
mented completely. However, it is very ImpOrtant and, at least as far as
commercial products are concerned, should be conducted in the form of
field study: Few companies have carried out intensive field studies and

fewer yet have thosestudies available to the consumer. However, the
studies that are available can provide valuable information in addressing
the five evaluation questions listed earlier in this section.

Some companies, such as CONDUIT, that review ahd distribute ma-
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terials developed by others, follow a multistep process throughout the
developmental process of creating software. When CONDUIT receives
a program from an autiaor, the staff conducts an initial screening stage
to evaluate both the program and the documentation. Many programs
are rejected during this initial stage. CONDUIT's second stage involves
extensive review by at least two editors with appropriate credentials. A
Multi-Section Review Rating Form is initiated during this stage, covering
program description, substantive content, document E tion, support for
the teaching process, stimulation and interest, and mputer tech-
niques. The third stage completes the form, identi ing specific
strengths and weaknesses. The fourth stage recomrhends irpprove-
ments and works out 'an improvement plan with the author. During the
fifth stage, the program is technically tested (Peters & Hepler, 1982).,

Many other sources are available from which the reader can obtain .

information on the external evaluation of software, some of which are
listed at the conclusion of this chapter.

For Discussion

1. Define external and internal evaluation as it relates to
microcomputer software and the decision making process.

2. What are the five questions that should be considered
when determining the validity and reliability of external
evaluation and what do they mean?

3. Discuss the MicroSIFT evaluation model in regard to iour
needsconsidering the stages of sifting, description, peer
eiraluation, and in-depth evaluation.

What would you hope to find in a field study report and
why should extensive field study be a part of all
developmental models of software?

INTERNAL EVALUATION OF SOFTWARE

Internal evaluation of softwate involves the evaluation of software from
within a school, school system, or university. This type of evaluation
should occur not only prior to the purchase of any software but, as
indicated previously, prior to the purchase of hardware. Often this is not
as simple as it appears. First of all, it is difficult to get software to preview
because of the producers' fear of having their programs copied and then

25
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\fez:71y distributed. Since publishers invest large sums of money in devel-
ing software, they rarely allow entin3 programs to be previewed. How-

ever, some publishers have "demos," or sample programs, they will
send out for a specified time. Second, many prospective buyers do not
know how to evaluate software. Educators do knoW, or should know,
educational principles upon which to evaluate software. However, few of
them know the capabilities of the rnesrocomputer and how to evaluate
technical adequacy.

Hannaford antSloane (1981) have conducted extensive research on
selecting software for handicapped students. They indicated that "we
must identify and use systematic criteria that will allow us to wisely
select software that meets learner/teacher needs, has instructional in-
tegrity, and is technically adequate and usable" (p. 54). Questions con-
cerning learner/teacher needs focus on appropriate content to meet
goals and objectives, and appropriate methods of presentation based
on individual learning styles. Questions concerning instructional in-
tegrity examine the educational principles upon which the program is
based and the selection of appropriate learning modes.

MCE Inc. produces software primarily for special needS learners at
the secondary to adult level. MCE includes an evaluation form with each
program and invites purchasers to evaluate their programs as well as
other microcomputer software not produced by MCE. Although or-
ganized differently from the questions outlined by Hannaford and
Sloane, the content of the MCE Evaluation Form is similar. Figure 2 is
a modified version of this evaluation form.

The MCE form was modified to allow the reader to evaluate and
compare up to four programs on one form. Each of the variables listed
is rated On a 5-point scale. The scores may be totaled to assist In
determining which program most closely Meets the needs of the
evaluator.

The Mopified MCE Evaluation Form is divided into four sections: (a)
instructional content, (b) educational adequacy, (a) technical adequacy,
and (d) overall evaluation. Questions regarding instructional content
cover the following areas: goals and objectives; data to be used in
individualized education programs (IEPs); prerequisite skills/concepts
listed; paraphrasing of or defining of new vocabulary; the documenta-
tion or instructional guide and its value in assisting the instructor in
implementing the program; and other questions regarding the-pres-
entation of mattrials, such as content, type of presentation, and con-
crete examples.

The second section, educational adequacy, covers principles based
on educational theory and program design. Educational theory ques-
tions cover use of reinforcement theory; logical communication between
the computer and the student; use of music, graphics, and other aids

,



FIGURE 2. -
Modified MCE Program Evaluation Form.*

,

DIRECTIONS: This evaluation fornf is dfibigned to evaluate four
- software programs. Answer each of the questions
' about eacb program you evaluate. Use the following

rating scale:.

3 = EXCELLENT''
2 = ABOVE AVERAGE
t = AVERAGE

1 = BELOWAVERAGE
5 = POOR

. .

After rating programs in each area, add up the total scores and place
theili in the appi-opriate spaces. Let this rating help you hi your
decision making in the purchase of microcOmputer software.

NAMES OF PROGRAMS TYPE OF PROGRAM
EVALUATED: EVALUATED

(i.e., tutorial, etc.)

2
3
4 _

COMMENTS ON EA6H PROGRAM:

1 ,

, s

2

, 3

4 .

PROGRAM CHOICE (if applicable)

Continued on next page.

tt. *Special thanks to MCE Inc. (1 Kalamazoo Mill,Suite 250,
Kalamazoo MI 49007) for the u e of this form.

42 ii
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FIGURE 2)contInued
,

.

PROGRAM NAMES

1 2 3

. INSTRUCTIONAL, CONTENT .

1. Is 'the content consistent with
the goals and objectives of the
program?

. Is the program one of a series
in which carefulivlanned
learning objectivgs have been
followed?

,

,

.

,

3. Does the instructional Guide
provide information, sugges-
tions, and materials to assist
the teacher in successfully
implementing the program? .

.
.

4. Are program goals provided
that are usable tor individu-
alized education programs? 1

5. Are evaluation materials and/
dr criteria provided that are
usable for individualized edu-
cation programs?

...

.

. Are prerequisite skills, vocab-
ulanf, and. tit:incepts deter-
mind and presented?

7. Is voCabulary defined or para-
phrased in text or in the pre-
Tquisite skills portion of the
Program Principles Section of
the Instruction?

.' ,

8, Are diagnostic or prescriptive
procedures built into the
program? .

. Does the text follow estab-
lished rules for punctuation,
capitalization, grammar, and
usage? .

Continued on next page.
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FIGURE 2 Continued

PROGRAM NAMES

Instructional Content con% 1 2 3 4

10. Are supplemental materials
provided for learner and
teacher? ,

11. Is thS product designed for
appropriate age and ability
groups?

12:ts the program compatible with
the curriculum?

.

13. Is .the program compatible with
the needs of the teacher?

_.

14. Is the content accurate and
complete? .

15. Are examples provided with
directions when appropriate? .

16. Are redundancy and drill used
effectively?

17. Is lenguage appropriate in

. tone and selection?

. .

,
.

18: Are concrete appliCations,for
concepts provided?

19. Is feedback immediate?
. .

II. EDUCATIONAL ADEQUACY

1. IS instructional design of high .

quality using accepted learning
theoryL

2. Are leffners always the target
of interaction with the compu-
tera personalized element?

.

.

3. Are positive responses ,

reinforced? . .

_

4. Are frames that follow incor-
rect responses nonpunishing? .

. 'Continued on next page.
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FIGURE 2 contintied 4

PROGRAM NAMES

Educational Adequacy,con't. 1 2 3

5. Is reinforcement variable and'
random in context and estab-
lished by bihavior Tanage-
.ment principles?

.
.

-..

,

6. Is branching used where the
learner demonstrates need for
further concept development
before proceeding?

.

.

Are avenues of communication
from the learner to the com- .
puter logical and at compre-
hensible levels?

.

,

8. Is evaluation of each concept
. appropriate and sufficient?

9, Are toncepts and skills task
analyzed Into appropriate
steps? ,

10. Are color, graphics, and ani-
. mation used effectively to

enhance the lesson?

.

.

.

,

11. Are sound, inverse print, etc.,
employed forattention and
reinforcement purposes and
not distracting? .

.

..

.

12. Is syllabification provided for
. new and/or unfamiliar words?

,

13. Is sentence length dependent
on need and learner levels?

14. Is the learner always prqvided
with frames that allow for -

progression through the
program?

15. Does the program provide suit-
able directioris for the learner?

-
Continued on next page.
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FIGURE 2 continued

PROGRAM NAMES

III. TECHNICALADEOUACY 1 2 3

1. WIII the program run to com-
pletion without being "hung up"
because of unexpected
responses?

2., Are the prpgrams difficult or
impossible to be inadvertently
disrupted by e learner?

.

3. rnCan leaers rate the pro-
grams indepe dentiy?

.

4. Is the amount on each frame
appropriate? .

.

5. Is the length of each section
appropriate?'

6. Are words and lines spaced
for ease of reading? ,

7.
,

Is variation of type and organi-
zation of textual materials
appropriate for a clear
presentation?

8. Are inappropriate respon6es
considered and handled
appropriately?

,

.

9. Is the educational technology
(i.e., microcomputer) the best
available for presenting this
subject matter?

,

10. Are backups available?

IV. OVERALL EVALUATION
RATING OF PROGRAM IN
ITS ENTIRETY

.

TOTAI2FOR EACH PROGRAM

.

,
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that assist in teaching; syllabification of unfamiliar words, sentence
length and placement of text on the screen, appropriate program length,
and appropriate interest level; and use of branching to individualize to
appropriate conceptual and reading levels as well as breaking the con-
cept into smaller steps.

These tatter questions are designed to make maximum use of com-
puter technology. Many programs on the market do not branch to differ-
ent levels of presentation although they do employ elementary branch-
ing. For example, if a student response is incorrect, the student goes
through the same frames again and the concept or skill is re-presented
exactly the same way it was the first time. If the student did not under-
stand the presentation the first time, chances are he or she will not
understand that presentation the second time eithei. The importance of
evaluating the instructional adequacy of programs cannot be stressed
too much. Some programs may be technically adequate but lack the
educational input. This is evidenced by programs that leave learners
caught on a specific frame in the program because there are no avail-
able directions to instruct the user in how to proceed or by programs that
print "DUMMY" across the screen whenever an error is made. Another
example of lack of use of educational theory was seen in a program
where, if errors were made, an exciting explosion occurred, which could
reinforce the making of errori.

Questions in the technical adequacy sectign of The Modified MCE
Evaluation Form address technical effectiveness. One question asks if
the program runs to completion with no error messages regardless of
the student responses. (Error messages are computer. messages that
indicate a programming or Input error that stops the program from
running to completion.) Other questions address whether the program
is personalized and can be independently run by the student. An addi-
tional question asks if the microcomputer is the most appropriate me-
dian for presenting the subject 'matter. This subjeCt will be covered
more thoroughly in Chapter 4.

The fourth section deals with the overall evaluation of the program,
which is a general impression of the product as a whole. This section is
followed by a space provided for comments and a place to Check off the
category the program falls into (e.g., drill and practice, problem solving,
tutorial, or _instructional).

If an extensive evaluation form is not practical for the user, a short
form such as the one presented in the October issue of Instructor
Magazine ("This Month Instructor: Classroom Computer News," 1981)
could be used. This form is actually a card that includes program name,
source, price, subject, type, description, remarks, level (K712), and
rating. The previewers' names arid categorizing information are also
included on the card.
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Each school system/
uation based on its spec
formation on the card evaluat
interest levels, peripherals necessa
information required for special educati
ongoing process, whether it is carried out a
making process in, the initial purchase of the micr
yearly purchase of software. Therefore, an organized m
loging information is neceisary.

university, should design its own method of eval-
ific needs assesSment. For example, the int.

ion example cduld include reading And
ry or available, and other pertinent

on. Softwdre evaluation is an
s a 'part of the decision-

ocomputer or in the
ethod for. cata-

For Discussion

1. Why is internal evaluation an important part of the
decision-making process regarding software?

2. What learning principles appear to be especially
"implementable" using the microcomputer?

3. How can the microcomputer be used to individualize the
presentation of content?

_

4. How woulthyou organize evaluation information about
software?

-a,

SUMMARY

Chapter 2 was the first of a two-chapter series providing evaluation
information to assist in The purchase of the microcomputer. The three
areas of considerationsoftware, hardware, and inservice training
were mentioned as necessary in order to make appropiiate and cost-
effective decisions. Because educationally, effective software is limited
and because the software that is available is usually machine specific,
evaluating abftware is of utmost importance prior to purchasing any
microcomputer. This point cannot be stressed too strongly. Because of
the importance of software evaluation prior to purchasing a micro.
computer, this entire chapter has been devoted to the external and
internal evaluation of softwareexternal evaluations being those pro-
vided by agencies, magazines, and organizations; internal evaluations
being those carried out within individual school systems/universities_

3t4
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, Activities and Further Discussion

.., .
1. Create a list of the needs a microcomputer could meet

within your system/university. Be sure Co leave space for
additional Ideas.

2. Create a form or card that would be useful within your
system/university on which software evaluation information
could be stored (being aware that after purchasing a
microcomputer, this information could be stored in a .

program).

3. .Use an evaluation fOrm
yo

(er r one created by someone
, else or by u) tq evaluate e arnples of software. Discuss

your evaluation with a group, rernembering to evaluate
both edecational effectiyeness and technical adequacy.

SOURCES OF FURTHER INFORMATION

Organizations " A

The Apple Foundation, Journal of Courseware Raview, 20525 Mariani Ave.,
Cupertino CA 95014

Association tor Educational Data Systems, 1201 16th St:, NW, Washington DC
X1036 .

CONDUIT, Pd Box 388, lowa City IA 52240, Phone: 319-353-5789
Dataspan,-Karl Zinn, Director, University of Michigan, Ann Arbor MI 48109

Dresden Associates, PO Box 246, Dept. CN-1, Dresden ME 04342, Phone:
207-737-4466

Educational Software Exchange Library (EDSEL), Stanfoid Avenue School,
2833 Illinois Ave., Southgate CA 90281

E.p.I.E., SUNY, Stonybrook, PO Box 620, Stonybrook NY 11794
International Council for Computers in Education, Department of Computer and

Information Science, University of Oregon, Eugene OR 97403, Phone:
503-686-4414 or 686-4429

JEM Research, Discovery Park, University of Victoria, PO Box 1700, Victoria,
BC V8W 2Y2

MACUL (Michigan Association for Computer Users in Learning), Ve Wayne
County Intermediate School District, 33500 Van Born, Wayne MI 48184

Materials Review and Evaluation Center, Computer Courseware Project, Di-
vision of Educational Media, State Department of Public Instruction, Raleigh
NC 27611
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MECC Users.Newsletter, 2520 Broadwai Dr., St. Paul MN 55113, Phone:
-f 612-376-1117

Microcomputer Resource Center, Teachers' College, Columbia University, Box
- 48, New York NY 10027
MicroSIFT News, MicroSIFT Project, Northwest Regional Educational Labora:

tory, 710 SW 2nd Ave., Portland OR 97204
:Minnesota Educational Computing Consortium (MECC), 2520 Broadway Drive,

St. Paul MN 55113 , V
"Guidelines for Evaluating Computerized Instructional Materials," National

Council of Teachers of Mathematics (NCTM), 1906 Association Drive, Reston
VA 22091

Software Directory, Robert Elliott Purser, PO Box 486,'El Dorado CA 95623
The Computing teacher, International Council for Computers In education,

Eastern Oregon State College, La Grande OR 97850
Technical Educatiori Research Center, 8 Elliott St., Cambridge MA 02138
TRACE Research and Development Center, University of Wisconsin, 314

Waismin Center, Madison WI 53706

Compinies with Field Study

MCE Inc., 157 S. Kalamazoo Mall, Suite 250, Kalamazoo MI 49007
Random House,,Inc., School Division Systems, 400 Hahn Rd., Westminster MD

21157 ,

Computer Journals

AEDS Journal, 1201 16th St., NW, Washington DC 20038
AEDS Monitor, St. Paul Public School, 360 Colbome St., St. Paul MN 55102
Apple ED News, 10260 Bandley Dr., Cupertino CA 95014

BYTE, 70 Main St., Peterborough NH 03458
Classroom Computer News, Box 266, Cambridge MA 02138
Compute, Box 5119, Grieensboro NC 27403
The Computing Teacher, Computing center, Eastern Oregon Staie College,

LaGrande OR 97850
Creative Computing, PO Box 789-M, Morristown NJ 07960
Educational Computer, PO Box 535, Cupertino CA 95015
Electronic Learning, 902 Sylvan Ave., Englewood Cliffs NJ 07632

InfoWorld 530 Lytton Ave., Palo Alto CA 94301
Microco outer News, Benwill Publishing Corporation, 1050 Commohwealth

Avo.,1oeton MA 02215

Micr mputing, Elm St., Peterborough NH 03458
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Popular Computing, 70 Main St., Peterborough NH 03458
Personal Computing, 1050 Commonwealth Me., Boston MA 02215
Sone*, Softalk Publishing, Inc., 10432 Burbank Blvd., North Hollywood CA

91601

Sources of Lists of Software Companies
Brady, H., & Harkavy, M. Where to look for what kind of software. Educational

Dealer, January 1982,, 26-28. , .

domputer learningComputers: You start with software. Curridulum ProduCt
Review, January 1982.

The electroni4 leamini software directory. Bedtronic Learning. 1982, 1(5),
14-73. .

..

- .

BIBLIOGRAPHY
Anderson, R. Courseware deserves evaluation including 'peer renew. AEDS

Monitor1982, 20(10, 11, 12)00-11.
Brady, J., & Harkavy, M. Mare to look for what kind of software. Educational

Dealer. 1982. 7(1), 26-28. .

Brown, B. "PLATO" promises grade gaina. Electronic Education; 1981, 1(2),
10-11.

Diabay, L. The educators guide to computer periodicals. Curriculum Review,
1982, 21 (2), 144-146.

Edwards, J, Isaacson, D., & Wagner, W. Local, regional, and national groups
software and courseware exchange. N.W. Regional Educational Lab, 710 SW
2nd, Portland OR 97204.

Forrnan, D. Courseware development and evaluationPart I. Micro-Scope
(Produced on behalf of the Ministry of Education of British Columbia). 1981,
2(8), 23-26.

Frenzel, 1::. Learning with micros. Interface Age, 1981, 6(12), 44-45.
Gleason, G. Microcomputers in aducation: The state of the art. Educational

Technology, 1981, 21 (3), 7-18.

Hannaford, A:, & Sloane, E. Microcomputers: Powerful learning tools with
proper programming. TEACHING Exceptional Children, 1981, 14 (2), 54-56.

Hilgenfeld, R. "Checking out" software. The Computing Teacher, 1981, 9(3),
24-27.

Holznagel, D. Which courseware is right for you? Microcomputing, 1981, 5 (10),'
38-410

Isaacson, D. What's holding back computer use In eduCation. Classroom Com-
puter News, 1981, 1(5), 1; 28-29.

Jostad, K. Search for aoftware. ADES Monitor, 1982, 20(10, 11, 12), .25-35.

;3



30 Software COnalerations

Lathrop, A. MiCrocoMputer soften) for instructional user-phere are the critical
reviews? The Computing Teacher, 1982, 9(6), 22-26.

Levin-Epstein, M. PLATOIt's not Greek in Baltimore. Media and Methods,
1981, 18(30), 7; 20.

Peters, H., & Hepler, M. Reflections on ten years of experience. ADErMonitor,
1$82, 20(10, 11, 12), 12-24.

Taber, F. The microcomputerIts applicability to abed& education. Focus on
Exceptional Children, 1981: 14 (2), 1-34.

This month instructor: Cjassroom computer news. Instructor, 1981, 41(8),
85-96. '

Wilson, K. Managing the administrative morass of special needs. Classroom
Computer News, 1981, 1(4), 8-9.

'1'



CHAPTER 3

I 1

Hardware Considerations
and, Inservice Education

As. You Read This Chapter, Thfnic About:

1. What are ypur hardware needs? What peripherals would
be effective Ewan aid in the educational process of
handicapped students in your school system/district? As
an aid in the execution of administrative duties?

2. What are the inservice needs for you and/or your staff to
. organize and implement uses for the microcomputer?

INTRODUCTION

Chapter 2 discussed software evaluation as the primary consideration
In selecting the right microcomputer to meet your specific needs and
those of your system. Two remaining contiderations will be covered in,
this chapter. The first of these considerations concerns hardware or the
actual microcomputer you might gelect. The second deals with inservice
training, which, althbugh not absolutely necessary, can be helpful in
making a final decision. Inservice training involves education in the Uses
of the microcomputer, the operation of the machine, and possibly
programming.

HARDWARE,CONSIDERATIONS

Since software is at present computer deriendent, it is imperative that
the microcomputer you select Meet ae many software needs as possi-
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ble. While larger districts may be able to afford several kinds of micro-
computers, smaller districts should select fewer types of Microcom-
puters so that software can be shared. Other- needs that should be
considered in purchasing microcomputers, such as the potential for
expansion of uses and cost-effectiveness, are covered in detail in this
chapter.

Hardware evaluation is a complex task. Chapter 2 suggested listing
your computing needs. Based on these needs, a hardware evaluation
chart of desired options can be constructed. Be sure to leave enough
space where the columns and rows intersect to indicate the following:

1. Is this option available?

2. s it part of the package when the microcomputer is purchased or is
it considered an extra?

3. How much does it cost?

4. What other information will help to make a decision?

Figure 3 shows the beginning of such a chart. The example in Figure 3
answers the four previous questions, indicating (1) this option is avail-
able on the Apple II, (2) it is not part of the initial package, (3) it costs
"X arnount" lo purchase, and (4) it is useful for collecting and storing
information. If one of the four questions is not applicable, NA could be
printed orthe space could be left blank. An article written by Wood and
Wooley (1980) sets up a chart similar to this one. The reader may wish
to refer to it for information On completing a chart.

Other areas determined desirable in this assessment can be noted
adoss the top of the chart. For eiarnple:

1. Price of the Basic Computer. The basic price covers the com-
ponents that are included with youi initial purchase.

isr
2. Parts Included in Basic Price. Find out exactly what is included in

the basic price. The three standard pieces of equipment included
are (a) the CPU with basic typing keyboard as part of the basic unit;
(b) the display monithr (video or TV); and (c) an input device (e.g.;
disk drive, tape recorder, cartridge). Sometimes all three come as
one unit and sometimes they are separate units. The three pieces
as separate Units may be easier to have serviced. With some micro-
computers, the display Monitor can be a home television set with a
relatively inexpensive adapter added to it. Other electronic equip-
ment supplied could include joysticks or paddle coptrollers and a
time clock.
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FIGURE 3.
Hardware eviluatIon 'Chart

HARDWARE EVALUATION CHART

NAME EXTRA DISK

APPLE II Available
Extra
$ Needed for
collecting & storing
of IEP data

ATARI

3. Warranty. Most microcomputers are under warranty for 90 days but
require th& owner to bring the equipment back to the" store for
repairs. Check on both the time component and the services and
parts included. Also, determine the availability of a service contract

and the terms of that contract.

4.. Service/Repair. Check to see if service is available and how far yob

must travel for this service. In some instances service Is provided In

the local or nearby area and in 'other )nstances the microcomputer
must be shipped back to the factory. Also, find out if micro-
computera are available to you for loan while yours is being re-
paired.

5. Financing. Check on financing terms and possible discounts on
hardware- (including the basic machine) and software. Depending
upon you(' situation, leasing may or may not be the most cost-
effective option.

6. Newsletter. For many microcomputers, there are newsletters that
keep customers updated on programming techniques, available
peripherals, And software. These newsletters may also print actual
programs fronwhich you can create your own software.

7. Keyboard. Note the number of keys, their location, and the type of
keyboard. The number of keys may vary from 40 to 79. The location
of the keys is usually similar to a regular typewriter keyboard. Some
microcomputers also have a separate constellation of numeric,
keys. Special keyboards, that include such things as "yes"rno"
keys, are available on some computers. Another consideration is
the surface of the keyboard. Most surfaces have separate keys, as
on a typewriter, while a few have a flat electronic touch-type key- ,
board. Some microcomputers can only produce uppercase letters,



..

whereas others can produce both lower- and uppercase letters. in
some instances, a software program can be purchased to add this
capability.

8. Added 'Electronic Parts Available. It is extremely important, es-
pecially in many special education situations, to determine whether
your computer can accommodate the peripherals you need and

. how many peripherals can be used with it at one time. A bus is the
part of the computer that provides a path Or circuits through which .

data, corbmands, or addresses may be transferred to peripheral
devices. If ,your computer doeknot have extra slots in its bus, you'
may need to purchase an expansion bus to allow you to attach
additional peripherals. Peripherals, or add-ons, could be Inc ded in
This column or could each be a separate column he in , de-
pendin§ on their importance to your situation: Peripherals can in-
-dude: speech synthesizer, speech input, clockicalendar, graphics
input table, handwritten character input, light 01, printer, music
composer, sound effects, MODEM, peripheral adapter, and
joysticks/paddles: All of these peripherals wilt be discussed later in
this chapter. At this point note the importance of peripherals in
special education and the fact that many are hardware dependent.
When., evaluating peripherals for specific microcomputers, you
should determine which ones are hardware dependent.

,

9. Printer. The printer is one of the peripherais that should be analyzed
separately because of Its importance. Check to see if there is a
printer available that will connect with your. computer and that will
meet your needs.

10. Microcomputer Capabilities. Information such as the following
. should be included in this category.
a. Is the display monitor in color or in black and white? ,

b. How many picture celte are available for programming graphics?
The screen consists of many picture cells, often referred to as
"pixels," of which a certain number are designed for, pro-
gramming graphics. "In general, the more picture cells available
for programming the clearer the image on the screen" (Wood &
Wooley, 1980, p. 89).

c. How many characters per line and lines per frameare available?
Many microcomputers have from. 32 to 64 characters per line.
ThiS includes letters, punctuation marks, and spaces. For exam-
ple, "HELLO, MY,NAME IS JOE:" totals 22 charadters. 'When
determining.lines per -frame, e.g., the number of lines that can
appear on the screen at one time, it is suggested that you divide
the total lines by two. Print should appear on every other line for
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ease of reading. In determining the number of characters per line
and lines per page, Consider reaqability. Five lines of print ,with
about 25 words per page has been found to be most effective for
many slow learners. 'Again, the end user should be a deci6ing
factor.

d. What is the memory capability? While 1611may be adequate for
very elementary. programs, 48K is the minimum needed to Tun
the more advanced high level prograins, Also, check on memory
expansion capabilities.

1.1 Systems Software. Systems software are the programs needed to
, make computers function. In some instances, the systems saftware

are actually authoring systems or programs that allow the novice
programmer to create software using the English language.

12. Doäutnenfation. This category is designedfor the decision' maker to
determine if operation-manuals are available and comprehensible.
Manuals should be available on both systems and applications
softwaresystems software being instructional programs in the
teaching of computer languages and Applications software being
programs designed to Meet the other,needs Of the consumer. Many
companies provide their customers with not only. instructional man:-
uals but also actual training in the use of the microcomputer.

13. The System. Determine if the system is self-coritained or has its
own CPU and storage system or if it can be integrated into a net-
worked microcomputer system where the microcomputer does its
own processing but shales B central data storage system. Net-
working is less expensiVe than independent Systems but laCks port-
ability and flexibpity. The Corvus System is an example of net-
workin9 and hai been .effectiVe in larger school systems.

14: Other. This column could be used for additional information such aS
availability of free inservice training, at the time of purchase and as
new developments occur. It might also include information on ac-
quiring the microcomputer on a trial basis.

e

These 14 hardware considerations are Aottntended to be a set list but
examples of how to break down the evaluation of hardware. Categories
should reflect the Perceived/assessed needs of the school system/
university. To find information to complete your chart, read every com-
outer magazine available to you; attend workshops and other inservice
programs; invite companies to send representatives to your workshops;
attend commercial shows and educational conferences; develop and
expand. your communication through user groups and throubh school
syStem consoftiums; support local dealers; and get on catalog lists
(Smith, 1982):
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FotDiscussion

1. Why is it important to investigate the options available
regarding specific microcomputers before you buy them?
Why should you also consider future adaptability of these
microcomputers?

2. List the options available on the microcomputers that are of
interest to you and discuss your reasons.

3. List sources in your geographic vicinity that can provide
information about microcomputers (e.g stores, groups,
computer users).

4. Compare and contreist two or more operating manuals as
to readability, comprehensiveness, simplicity, etc., for
educators who lack extensive computer knowledge.

PERIPHERALS

A peripheral is any device that can 6e added on to the basic computer
or CPU. A peripheral may be an input device (such as a disk drive), or
an output device(such as a television set Of video monitor).

Peripherals are of utmost importance for cohsideration and evaluation
in special education. Many handicapped students served by special
edi-ication could not effectively useor in some situations should not
usea microcomputer without appropriate adaptive devices.

Joysticks/Paddles .

The two most common peripherals are joysticks and game. paddles.
These devices allow the viewer to respond to the stimuli on the screen
without typing in a response on the keyboard. Instead, the student or
viewer can select the right response by simply moving a joystick or
game paddle until the cursor (a flashing symbol on the screen) is on top
of the preferred response anckthen pushing a button to register that
response.

Light Pen

A light pen is another peripheral that allows the student to respond
without typing. The light pen is touched to a particular spot on the screen

4 ti
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and the response is recorded. An alternative to a light pen could be a
headgear ,pointer in which responses are made by touching the key-
board or a board that is specially designed kir a-particular individual.

Sound Effects

Several formd of sound may be added. In some instances, sound may
even be part of the original package. It may be in the form of sound
effects, musical tones, or voice. For example, the music composer is an-
addition that permiti the user to program music based on numeric
reiponses. A tape recorder can be controlled by some computers to
produce appropriate voice recording. Speech is an important peripheral
capability, especially for language disabled individuals. A speech syn-
thesizer changei electronic impulses intd understandiible speech and
allows persons who, have never been able to communicate using e
speech to do so. The speech synthesizer is an output device, but there
is also a peripheral that uses speech input to allow the user to respond
to the computer or to give it commands by voice, This add-on turns
speech into electrical impulses, which can be interpreted by the
computer. c,

MODEM

The MODEM, which is an acronym for "MOdulatorDEModulator," is
a device that can be added to a computer to permit communication over
telephone lines or other communicatioisechannels. information typecl
into the microcomputer Is changed into musical tones by -the trans-
mitting MODEM. The MODEM at the receiving end then changes the
tones back Into a digital form for input into a different microcomputer
thus allowing two computers and their operators to communicate.

Clock/Calendar -

A clock/calendar is part of the original package ori some micro-
computers and is available as a peripheral dn others. This device may
be useful in operating light switches, timing tests, etc.

Graphics Input Tablet

The graphics input tablet is,a peripheral that allows the programmer to
create graphics and the user or viewer to input responses by movjng a
pen over a graphics board. In some instancis, a handwritten character
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input peripheral is available that permits the viewer/programmer to input
handwritten information.

Printer

A Peinter is a very important peripheral to consider if a hard copy (paper
copy) is desired. Fix example, results of assessment in hard copy form
are often needed. It is important to evaluate the types of printers that are
compatible with the microcomputer you are considering. The dot matrix
printer is fast and relatively inexpensive. However, the output is in dot

.type and is not the easiest output to read. The daisy-wheel printer is
slower at printing and more expensive Than the dot matrix printer. The
print is-clear and the type is available in many styles (Bell, 1981). The
MX-80 printer, produced by Epson America, Inc., is extremely popular
and inexperisive but the basic-price does not include the connecting
cable or interface board. This type of printer is a dot matrix type and its
documentation ie easy to understand (Scnil ling, 1981).

As indicated by these examples, it is suggested .that clarity of print,
speed of execution, price, plus the Capabilities of the printer (ability to
execute graphics, etc.) be ()Valuated and compared to the consumer's
assessed needs. A "Buyers Guide: Printers and Printer/Plotters" is a
chart that lists the names and addresses of companies that produce
printers along with the characteristics of each printer. (See Sources of
Further Information at the end of the chapter.)

Peripheral Adapter

One additional add-on that should be zonsidered is a peripheral
adapter. This attachment allows the user to expand or multiply the
number of peripherals that can be ysed at one time by a particular
micrpcomputer.

Peripherals are of utmost importance to the special educator since
they offer countless possibilities in meeting the individual needs of
learnersespecially of those who have previousiy had difficulty
communicating.

For Discussion

1. List the handicapping exceptionalities and their primary
needs. Then discuss how the microcomputer could help to
meet those needs through the ime of periph&als.
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2. Discuss Yhe peripherals your school or school district
would find most helpful in managing special education
programs and individualizing instruction for the communi-
cative and educational needs of handicapped persons.

SPECIFIC MICROCOMPUTERS

One microcomputer that special educators have found tO be effective in
Meeting their needs is the Apple U. A variety orsoftware and peripherals
are available for this micro. Peripherals include a graphics input tablet,
voice recognizer or voice input peripheral, speech synthesizer, clock/
calendar card, light pen, joysticks, and paddles. (Many of the programs
discussed in Chapter 5 have been programmed oo or for the Apple ll
and make excellent use of several. peripherals.)

The Apple II also has sound capabilities, the availability of a printer,
a 52-key typewriter style keyboard, and a disk drive. It can be increased
to a maximurri of 64K directly addressable memory. Lowercase letter
adapters are available, although the basic package Is In uppercase only.
The display can be either in color or in black and white. It has 40
characters per line and 24 lines per screen (Wood & Woo ley, 1980). The
documentation is easy to follow, and authoring systems, such as Apple-
PILOT and GENIS, are available. The Apple II is available from both
Apple Computer, Inc., and the Bell and Howell Company.

The TRS-80, Model III, and the Atari 800 both have expansiim capa-
bilities, have educational software available, and are competitive with
the Apple II in the educational market. The Texas Instruments 99/4A is
another machine that has considerable software available. "Unlike most
of the other microcomputer manufacturera, Texas Instruments (TI) has
deliberately decided to address only the home and educational mar-

, kets" (Frenzel/1981, p. 45). The TI model offers a "unlque voice syn-
thesizer [that) ... allows the computer to generate high quality speech
output" (Frenzel, 1981, p. 45). The VIC 20, marketed by Commodore, ,

is very inexpensive but has many drawbacks, including limited memory
and a minimum of educationally effective Software programs.

Other microcomputers, such as Xerox, North Star, IBM, and Heath/
Zenith, are also available but at present they offer little software for the
education market.

Since the capabilities of the various machines and the software for
each are continually changing, the reader should try to stay abreast of
new developments. Articles such as "A Consumer Report on Micro-
computer Hardware" (1982) can be usecilo update knowledge. The
companieson top today may not be the companies on top in the future
especially since microcomputer and microcomputer related develop-
ment are in their infancy.
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For Discussion

1. Select one of the microcomputers discussed and evaluate
its applicability to your needs. Determine what other
information you need before a selection can be made.

2. Consider other microcomputers with which you may have
some familiarity. Discuss optiqns as to their effectiveness
with varicus handicapped populations.

INSERVICE EDUCATION/TRAINING

Tbe third major area of evaluation is Inservlce training. Most purchasers
of microcomputers for educational purposes are professionals in their
own fields but lack expertise in computer technology. Information on
and experience with the microcomputer is crucial forihis tool to become
as educationally effective as possible. While inseivice training has been
limited in the past, it is how available through commercial companies,
educational organizations, colleges/universities, and private firms or
individuals. This training provides the knowledge and experience neces-
sary to begin to effectively use the microcomputer. Computer tech-.
nology requires years of education to become highly proficient in its use.
In addition, this field is developing rapidly and continuing education is
necessary if one is to remain current in the field. Howwer, if a well-
developed base of information/experience is provided to the educator,
he or she can develop more proficiency as the technology develops.

To develop a base of information, the educator needs some back-
ground in the history of the development of the microcomputer. This
knowledge will help in understanding the state-of-the-artits short-
comings as well as its strengths. This awareness also provides some of
the insight helpful in purchasing and using the microcomputer. Informa-
tion on both hardware and software is also necessary to determine
which microcomputer to purchase. Information onthe uses of the micro-
computer in education, and more specifically in special education, will
help the educator with evaluating microcomputers and developing cre-
ative uses for them. The last area of information/expeeence Includes
actually programming software using a programming language and/or
authoring system.

The more extensive the training, the more computer literate the edu-
cator will become. The more computer literate the educator becomes,
the greater, the potential for cost-effective and edUcationally effective
uses in the educational setting.

4'



Microcomputers ln Special Education 41

Classes Sponsored By Vendors

Hardware companies, such as the Tandy Corporation (makers of Radio
Shack's TRS-80 models), frequently sponsor programming classes at

411 Illbcal stores. These classes are -designed to teach consumers how to
operate their microcomputers using software developed for the specific
machine, ClaSses also provide elementary instruction in BASIC. Other
computer stores provide instruction on how to run the equipment they
sell. Some will instruct`new owners on the care and operation of their
new purchase upon delivery.

Some software companies, such as Random House, Intl, sponsor
workshops in computer literacy and provide an introduction into their
educational software product line. Other companies, such as MCE Inc.,
provide sessions on computer literacy emphasizing software evaluation.

Education Associations

Education associations prepare special issues of their professional jour-
nals and organize workshops at their conventions to inform educators
on the state-of-the-art of microcomputers in education. They also pro-
vide practical experiences designed to upgrade skills and knowledge.
The Council for Exceqtional Children, as well as other professional
education organizations, have channeled their efforts in the direction of
computer literacy. It would be helpful if the local and state education
agencies could also provide training through workshops, etc.

Colleges and Universitl'a
Colleges and universities are beginning to instruct their education ma-
jors in the use of the microcomputer in the classroom. However, many
of the efforts have come from the mathematics and computer de-
partments, where the general knowledge base may or may not include
educational principlesespecially as they relate to the handicapped
population.

Consulting Firms

Private consulting firms, such as Microcomputer Training and Develop-
ment Associates (MTDA), also offer training. MTDA offers services such
as Consultation on analyzing needs that may be met through the micro-
computer and external evaluation on meeting the assessed needs.
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For Disdussion

1. Where in your community could you obtain training and/or
!mimics education on microcomputers?

2. What soutces outside of your community could provide this
service to you and members of yoar staff?

3. Idst areas that should be coveredin an inservice
presentation/workshop within your schoolluniversity.

SUMMARY

Chapters 2 and 3 have presented information to assist the reader in
developing a process by which decisions can be formulated as to which
microcomputer best meets the needs of the purchaser. The areas of
software and hardware °Valuation and possible eduattion/training in the
use of the microcomputer from both an operational and programming
viewpoint were discussed. It was suggested .that the reader develop a
chart or matrix as a method to organize information for both hardware
and software evaluation.

Activities and Further Discussion

1, Create a hardware evaluation chart that wilt meet your
needs. Be sure to include a key to indicate the questions
addressed.

2. Create an inservice evaluation form establishing the goals,
the performance objectives, and the questions to be
addressed to determine if the objectives have been met.

SOURCES OF FURTHER INFORMATION

Information Sources

"Buyers guide: Printers and printer/plotters," Computer Products, Gordon Pub-
lications, 20 Community Place, CN 1952, Monistown NJ 07960-9947

ETC (Educatio(ial Technology and Communications), Department of the Far
West Laboratory, 1,855 Folsom St., CA 94103
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Fisher, G. Many educators are finding disk sharing both convenient and cost
efficient. Here's what to look for when you're thinking about a disk-sharing
system fdr your classroom. Electronic Learning, 1982, 1(5) , 47-51. (Evalu-
ation of available disk sharing systems)

King, M. Computer specification chart. School Product News, 1982, 21(6), ,
24-26.

Minnesota Educational Computing Consortium (MECC) 2520 Broadway Dr., St.
Paul MN 55133

Special issue on microcomputers: Their selection and applidation in education.
AEDS Journal, 1981, 13(1).

Webster's microcomputer guide. Hayden Book Company. (Reference book on
theory, application, vendors, printers, etc.)

Training Sources
Andersen, Wills W. CAI Research Specialist, Brevard Community College,

1519 Clearlake Rd., Cocoa FL 32922
The Council for Exceptional Children (CEC), Department of Field Services,

1920 Association Drive, Reston VA 22091.
Microcomputer Training and Development Associates (MTDA) PO Box ,324,

Richland MI 49083 or c/o Alonzo Hannaford, Ed.D., Western Michigan Univer-
sity, Special Education Department, Sangren Hall, Kalamazoo MI 49001

Shostak,, Robert, Department of Education, Florida International University,
Tarniami Campus, Miami FL 33199

Holt, Dennis, Director, Teacher Education Center, University of North Florida,'
Jacksonville. FL 32216

Microcomputer Manufacturers
Apple Computer, Inc., 10260 Bandley Dr., Cupertino CA 95014, Phone:

408-996-1010

Atari, 1265 Borregas Ave., Dept. C, Sunnyvale CA 94086, Phone:

408-745-2000
Commodore, Pet, 681 Moore Rd., King of Prussia PA 19406, Phone:

215-666-7950
Compucolor, PO Box 569, Norcross GA 30091

Heath/Zenith Company, Hilltop Rd., St. Joseph MI 49085, Phone:

616-982-3200
Hewlett-Packard Company, 3000 Hanover St., Palo Alto CA 93404, Phone:

415-857-1501
IBM, 33 N. Dearborn, Chicago IL 60602, Phone: 312-245-2000
North Star, 1440-4th St., Berkeley CA 94710
Osborne, 26500 Corporate Ave., Hayward CA 94545, Phone: 415-887-8080
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Radio Shack, TRS780, 130040ne Tandy Center, Fort Worth TX 76192
or Tandy Corporation, 2617 W. 7th, Ft. Worth TX 76107, Phone: 817-390-3700

Texas Instruments, 12501 North Central Expressway, Dallas TX 75222, Phone:
713-895-3538

Xerox, 5310 Beethoven St., Los Arigeles CA 90066, Phone: 213-304-4000
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CkAPTER 4

Media Selection and
Microcomputer Uses

As You Read This Chapter, Think About:

1. The future of special education as a result of the
microcomputer.

2. A process by which a speCific medium can be evaluated
.to determine if It is the best available for teaching a
specific concept/sfdll.

3. Uses of the microcomputer for the teacher
(instruction-related) and for the administrator (data
management, etc.).

4

INTRODUCTION

The microcomputer, if used appropriately, will prove to be the &reek-
through in education that will provide total individualization for all learn-
ers. They will be able to move through a competency-based curriculum
at their own speeds, using approaches and task-analyzed materials
designed to meet their specific and assessed needs. These statements,
in no way mean that the teacher will be replaced by a machine. It does
mean that teachers will have the time to plan for and monitor the
progress of each student. It does mean that tha teacher will be free to
facilitate and organize educational programs and materials for students.
It does mean that the teacher and administrator will have an invaluable
aid to do data collection, analysis, and retrieval. It does not mean that

46 52
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the classroom teacher will stop relating to students. It does_mean that
the educational profession .will have to chmge the way education is
implemented. But the responsibility of delivering effectivti education
does not and will not belong to a machineexcept asil has been
programmed. The responsibility for education will belong, as it does
now, to the educator. Therefore, educators must understand the possi-
ble classroom uses for 'the microcomputer and be able to analyze pro-
gram goals and needs. This is necessary before they can make judg-
ments as to the best and, most cost-effective educational methods/
materialisavallable to meet their goals and objectives. The role of the
educator may eventually change, but the primary goal of education will

, .

not.
The microcomputer should be considered an aid to the educator and

an aid in the educational process. According to Hannaford and Sloane
(1981), the midrocomputer., when properly programmed, can:

Provide a muttisensory approach to learning.
Be used to teach a wide renge of subject matter.
Be used with diverse student populations.
Provide direct, Individualized, tnteractive Instruction.
Allow a student fe learn at his or her own rate.
"Remember" student responses.
Provide instant feedback.
Give a variety of reinforcements.
Provide repetition, drill, and practice In a meaningful manner.
Provide diagnostic and prescripiive information to the teacher.
Be used as an ideal management and retrieval system for student records,
assessment scores, student objectives, and IEPs.
Free the teacher from hours of repetitious paper and pencil activities....
ProVide continuous encouragement to a student and facilitate active par-
ticipatior in the learning process. (p. 54)

The phrase, if used properly, cannot be emphasized too strongly.
Software evaluation was discussed in Chapter 2, and as indicated there
is little educational software on the market and much of what is available
is not educationally effective. Furthermore, even if software passes the
evaluation test, this does not mean it should be used in all educational
situations. This brinds into view one further area for evaluation. Even if
the software is programmed following the educational, principles and
making the most effective uses of the technology, it may not be the
"best" medium or method to use to meet a particular goal or need. It is
also poisible that what is the moat educationally effective for one stu-
dent may not be for another. For example, a program with much visual
stimulation and no auditory peripheral would not help a student who is
primarily an auditory learner and has severe visual problems or visual
perception problems. In fact, It could have a negative effect.

5 ,1
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MEDIA SELECTION

The model shown in Figure 4 could be employed to determine which
medium to use or if a particular tool, such as the microcomputer, would
be the best to use in reaching educational goals.

The first step in selecting any medium should be to determine the
goals and then to determine the eduCational objectives in specific terms
to progress toward those goals. The second step is to determine exactly
what process is needed to reach each stated objective. This process
involves analyzing ttie audience. which may be one learner or a group
of learners. The third step is to analyze available medium and programs.
At this point the educator needs to look at not only the microcomputer

Start

(Step 1)
Establish goals)
objectives based
on individual
analysis of student

(Step 6)
Evaluate
effectiveness

FIGURE 4.
Media selection diagram.

(Step 2)
Analyze process to
reach objectives

Yes

Next objective

(Step 5)
Implement
program

(Step 3)
Analyze available
approaches, methods,
media

(Step 4)
Select approach/method/
media based on individual
needs, learning styles,
and availability
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and the available sOftware but also the alternative medium and methods ,

available, such ai filmstrip, tape recorder, movie, field trip, lecture,
.discussion,, and.outside iesburces. Then (step 4) the decision Can be
made as to which medium if any, will be ;both educafional and cost-
etfectiVe in Meeting the objective. After implementing a method of
presentation (step 5); for example the microcomputer,4evaluation should
continue on a formative Lei% (step, 6). lf, for example, the microcom-
puter or tire microcomputer program is not being effective, a number Of
avenues need to be investigated, including looking at the objectives and

, making an appropriate change, reanalyting the process as it relates tO
the audience, and possibly selecting an alternatiVe meth* medium, or
approach.

Following a process such as the one described here, summative
evaluation should take place. This is especially iMportant in the devel-
opment of the microcomputer in education because long:range re-
search is limited and muCh of the software has "had limiteaeducafional

Apput. This Prodese was described AS it relates to selecting medium for
educational purposes. HOwever, a similar prOcess should be employed
for selebting administrative and datd collection/analysis methOds,
whereby the determination is based on cost-effectiVeness, ease and
speed of inputting and retrieving information, and assurance against
"loss of memory."',

The remainder of this chapter is divided into three sections sur-
rounding the educational profession's uses of the microcomputer
instrudional dses, instruction-related uses, and admihistrative uses.

For Discussion k,

.,-

DEffend"the statement, "Microcomputers will not replace
theleacher."

2. What changes ih education do you foresee as a result of
microcomputers being used in the classroom for the next"
five years? twenty years?

Describe one`student with whom you have cohtact who
might benefit kart interacting with a microc4puter
program and one with whom it might'not be beneficial.
Defend both.

What are methods you mighremploy to evaluate the
effectiveness ot specific medium, materials, and
approaches?
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INSTRUCTIONAL USES

Although long-term research results are limited as to the educatiOnal
effectiveness of the microcomputer, Gleason (1981) indicated a number
of conclusions based on research conducted to date:

1. The microcomputer assists learners in reaching instructional objec-
tives.

' 2. A 20% to 40% savings in time spent learning is realized through
computer programs as compared,to "conventional" instruction.

1. Retention atter interacting with programs is as good as or superior
to "conventional" instruction.

4. Skidents tend to respond positively to good computer assisted in-,
struction ICAO but negatively to poor programs.

Research by Joiner, Sedlak, Silverstein, and- Vensel (1980) concluded
that micr9computers have been more educationally 'effective with lower
ability students than with higher ability students. Luttner noted -that
"functional as a biven computer and apparatus may be, if it is not fun for
the user, it will not be used" (981, p: 29): These reports are just a few
of those indicating the possibilities for positive effects in the classroom
if effective software is use and used correctly. .

The microcomputer has rTMy direct instructionatuses. In general, the
computer can:

-

1. Impart information' on a one-tOlene basis with a high success rate
when well-written and thoroughly validated programs are used:

2. Provide imbedded remedial instruction of which the student may not
necessarily ,be aware.

3. Provide enriptiment Material within the program.

4. Keep accurate track of progress throughout the program, and, indeed,
throughout a seriee of programs on varied material.

5: Allow the student to progress at his own rate (perhaps the most im-
portant use).

6. Provide video and audio support via peripheral devices 'Inked directly
tO the computer.

7. Provide a massive information retrieval baseeither by directly dis-
playing the material itself or by directing the student to the appropriate
medium. (Herriott, 1982, p. 82)

Instructional uses of the microcomputer fall into one of six categories
(see Figure 5).
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FIGURE 5:
Claesifications of Instructional microcomputer

prOgrams.

CLASSIFICATION DESCRIPTION

Computer Managed Drill &
Practice (CMDP) '

Cdmputer Managed
Tutorial (CMT)

4 I

Computer Managed
Concept Instruction
(CMCI)

Computer 'Managed
Simulation (CMS)

Computer Managed
Problem Solving (CMPS)

User Managed Problem
Solving (UMPS)

To reinforce information learned
and to provide practice.

To present information already "

presented in the classroom but
which has to be retaught
(broken into smaller steps
and/or presented at a lower

. conceptual/reading level).

To instruct the learner in
subjects through individualized
sequencing, using the branching
capabilities of the
microcomputer.

To place the leamer in situations
that replicate original situatioos.

To place the leamer in situations
to solve problems and to receive
appropriate consequences.

To develop and program
software using methods
appropriate to individual
technical knoWledge and ability.

Computer Managed Drill and Practice

Many of the programa found on the market today fall into the category
of computer managed drill and practice (CMDP). The learner is
presented with a problem, he responds, and if correct goes on-to the
next problem; if incorrect he goes back through the same problem
again. Some reward is usualry given for correct responses. For incorrect
responses, a neutral message saying to try again, positive praise for
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trying, or a punishment like "DUMMY" is given. Although his latter
example does not follow good teaching principles, programs with this

, type of punishment are found on the market. Drill and practio is an
important part of the teaching program and can be applied to math and
spelling as well as to some aspectsof history, geography, or vocational
education. This type of program could be especially beneficial to the

,otUdent with memory problems. Not only is thy information seen and
'perhaps heard but a motoric modality is also used when the learner
types or otherwiSe indicateS an answer. The microcomputer is also
"patient" and does not show displeasure with the student who takes
excessive time to memorize.

Computer Managed Tutorial
/

Computer mahagectiktprial (CMT) is anothercategory of interest to the
special edudator r gatise programs of this type assist in the main-
streaming proces within both the regular and the special education
classrooms. Coasework, previously presented but not understood or
remembered, can be retaught The program can teach a concept and
then assess the student's understanding of that concept. Based on the
results of assessment, the next cOftept will be presented or the same
concept will be retaught at a more appiropriate level, where the concept
is broken down into smaller steps and/or approached differently.

Computer Managed Concept Instruction

Computer managed concept instruction (CMCI) is similar to' CMT in the
pay it ig presented, but it is designed to aid in the original instructipn of
concepts or subjects. With this type of program, the learner who is
having problems will be branched or directed to a timer level whereas
the student who has already mastered the information can be branched
to a higher level. As branching occurs, not only is the material arranged
in smaller or larger steps but the reading or conceptual level is adjusted
accordingly. For example, if the material is originally presented at a
third/fourth 'grade reading level and the learher has difficulty, the student

, is not only branched to a lower level where the concept is broken into
,smaller steps but the steps are more concrete and the reading level is
lower. Conversely, if the learner is totally successful at a particular level
and the resentation is too simple, the ,opposife occurs. Whenever
possible, and especially on the higher levels, both convergent and di-
vergent thinking are built into the problem solving and simulation
activitieswhich brings us to the next category.
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Computer Managed,Simulation

Computer managed simulation (CMS) is "a quantitative model or de-
scription of complex events, either real or created ... [where] learners
have the opportunity to access complex variables and meaSure the
results of their own intervention in a problem situation" (Steffin, 1981,
p. 13). These "simulations provide the learner with the opportunity to try
out, without negative reinforcement, widely divergent approaches to
problem-solving" (p. 12). There are a number of reasons for substituting
simulations for the real life situation. Among these reasons are:

1. To make up for unavailable equipm'ent.

2. To act as a substitute fcrr experience.

3. To provide' rapid and realistic results in which the time scale would
normally be too difficult.

4, To eliminate situations of danger. (Doctorow, 1981, p. 16)

Some simulations involve searching for an item, haAng been given a
number of clues. Other simulations involve reso" management,
where the viewer is given a number of resources, rules, and a goal to
achieve (Spivak & Varden, 1980). For example, in a game called "The
Prisoner" the learner is placed in "a psychological prison camp, where
the adversary's sole objective is to ferret out information from the player.
The player, on the other hand, has only one goalhe (or she) thinksto
escape from hiS (her) captors" (Steffin, 1981, p. 13). (The Prisonbr is
available from Edu-Ware Services, Inc., 22222 Sherman Way, Suite
102, Canoga Park CA 91303.) Other simulations Could involve the .

learner in fighting historic battles, docking spaceships, analyzing the
development of a human being through a time-lapse situation, and
driving cars through city streets. Airplane pilots receive recurrent train-
ing in simulation trainers which resemble the front portion of an airplane,
with a moveable base. Sin" ilar simulations would provide an excellent
way for special education students,,as well as many others, to learn to
drive.

Computer Managed Problem Solving

Computer managed problem solving (CMPS) involves programs which
are structured to stimulate the student to solve problems. These pro-
grams allow the student to input relatively unstructured information in
order to investigate particular concepts. Science, Social Studies, and
English are three curriculum areas that lend themselves to this type of
program. For example, the learner could analyze and compare various

501
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materials, including literary works. Creative writing could also be pro-
grammed using software called text editors or word processors. The
learner could write and edit or change both the content and the lormat
and then produce the final results using the printer.

User Managed Problem Solving

All the programs or categories of programs discussed thus far are in the
tutor mode or are programs that have been developed with specific
student purposes or goals in mind. Another way of using the micro-
computer that involves the general category of problem solving places
the student in the tutee or programmer mode. This category of instruc-
tional microcomputer programs is called user managed problem solving
(UMPS). To solve problems associated with programming, the mind
must think logically. If one begins to think logically in one situation, such
as programming the microcomputer, the logic may be transferred to
other situations. The level of programming, of twourse, depends on the,
student's knowledge of programming as well as his or her ability to think
logically. While one student with limited ability could use LOGO, an
authoring system originally designed for children, another could use
BASIC. The very advanced student could handle machine language.
UMPS would be an excellent area for researchespecially research
involving special education studeris and their development of problem
solving techniques. Programming has already helped some teachers
and prospective teachers with task analysis of concepts and skills to bp
taught to students.

Teacher Uses

The microcomputer has a variety of -educational uses for the teacher.
Imagine aa system that allows for central storage of many programs
either within the individual classroom or at an outside location, permit-
iing the teacher or student to call up a program and view it at the desired
rate of speed and desired level of presentation. This allows many stu-
dents to be alp to view the same program, or concepts, at the same
time, with each one receiving the presentation designed to meet his or
her individual needs as to reading or conceptual level and speed. The
system could even individualize the appropriate concept within -a pro-
gram based on pretesting. In other words, each learner would only, be
presented the concepts for which mastery is lacking. This type of sys-
tem would require something similar to that developed by Corvus Sys-
tems. Corvus Systems use hard disk storage and a network system with
a minimum of 5 megabyte memory to an expansion capacity of 80

Gu
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megabytes and a 84 computer network. (To give the reader some idea
of the memory capacity involved here, a 10 megabyte system stores up
to 67 diskettes.) The Corvus Systemt are compatible with many
microcomputers.

The microcomputer not only assists the teacher but also provides a
positive atmosphere for the student since it can patiently present infor-
mation repeatedly or in different ways without showing frustration to the
learner who is having difficulty. As one student said, "It's okay to make
a mistake. The computer doesn't always yell at me" (Taber, 1981, p. 4).
The teacher, incidentally, did not "yell" at this student. The student felt
frustrated and projected her own frustrations onto the teacher. The
microcomputer is a machine. The emotion perceived by human inter-
action does not exist.

The ideas presented here Only scratch the surface of possibilities, and
the depth of ideas for programs is only limited by the creativity of the

'educator and programmer of the software. One word of caution here:
Software cannot do all the teaching. Instructional guides and, of course,
the teacher need to prOvide the materials to make sure that the learner
has the prerequisite skills to successfully complete the program. Ancil-
lary materials and activities are also frequently needed to augment the
learning situation. The microcomputer is only a tool, and as a tool, it is
only as effective as it is programmed to be.

For Discussion

1. Evaluate and describe software that falls into each of the
five instructional categories.

2. Discuss the differences and similarities of tutor and tutee
mode programs.

3. Describe how you could use a word processing program
to teach written communication skills to a student who has
a specific handicap.

INSTRUCTION-RELATED USES

A number of duties are assigned to the classroom teacher beside giving
direct instruction to students. These duties includs (ay collecting infor-
mation, (b) storing information, (c) organizing information, (d) devel-
oping reports, and (e) developing materials and approaclits. All of these
duties must be carried out for the teacher to teach effectively and to

-



Microcomputers in Special Education 55

demonstrate accountability. Therefore, instructiOn-related purposes
cover the areas to which the teacher must attend that are related to the
educational process but not directly connected with instruction. They
assist the teacher in managirig administrative responsibilities. The fol-
lowing list of instruction-related uses is not meant to be all-inclusive but
is designed to stimulate the imagination of the reader in creating addi-
tional possibilities:

1. Assessment and error analysis to provide information for writing
individualized education programs (IEP's).

2. Data collection and retrieval to provide progress information on both
the learner and the teacher.

3. Data collection and retrieval to monitor the reaching of objectives
and the methods and Materials that do or do not work.

4. Grading information, averaging, etc., in order to have instant and
constant retrieval of information for each student in the class. For
example, a teacher in Michigan is using this technique for motiva.1
tional purposes where each student gets a weekly computer print-
out of his or her average in the class.

5. Equipment and materials inventory both for what the teacher
,already has in the classroom as well as what he or she would like
to order when monies are available or for the yearly budget. This
latter program could provide the teacher with an instant printout Of
each item desired; the cost of each item as well as a running total,
the address of producers, etc. This list could, also be rank-ordered
with the option of, changing the rank order.

6. Student schedules so that Jeachers codd know exactly where all
students under their jurisdiction are at a particular moment as well

. as instant semester scheduling of students.

7. Pretests and posttests on students to deterini4 progress after
interacting with software or after lesson has been presented using
another medium or teaching technique.

8. Reports to parents and administrators, including research gener-
ation, analysis, and reporting;. letters to parents and others; class
notes on presentations; and anecdotal records.

To summarize, the microcomputer assists the teacher as it: (a) indi-
vidualizes instruction within the classroom; (b) provides a nonthreat-
ening presentation to the. learner; (c) teaches process and product
through sequential steps; (d) extends the teacher's expertise; and (e)
provides data collection and retrieval designed to assist the teacher with
nonteaching activities.

II



. For Discussion
n

1. List instruction and instruction-related needs that yciu
perceive the teacher to haw that could be met with a

-., microcomputer.

2. 'What rple do you we an aide playing in special education .
within the next 5 to 10. years?

3. How would yOu positively approaCh parents to.Oxplain an
IEP or progress report that was microcomputer generated?

ADMINISTRATIVE USES

The microcomputer provides the administrator with fast and accurate
access to information stored in a minimum amount of space. Again, this
list of administrative uses is Qot intended to be a comple(e list but one
designed to stimulate the imagination of the administrator. =

Data collection, organization, storage, and retrieval of:

1. Basic competency and other test records with tha Capability of
instant analysis for diagnostic purposes.

2. Students' permanent records.

3. Individualized education programs (IEP's).

4. Attendance.

5. Scheduling of students in regular and special classes.

6. Data collection,and retrieval for report generation, including word
Processing for editing, proofing for errors, and instant printouts.

7. School calendar and organization.of administrative schedules, IEP
meetings, etc.

8..Instant progress reports on students for parents.

9. Legal information including changes in the law as they occurt

10. Budget development and instant updates as to the-status of the.
budget.

11. Instant updated school census report.

12. Cataloging of materials within each classroom.

13. Cataloging of professional libraries.

(3,s
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.0ne administrative system designed to operate on the Apple li with
48K using a COrvus hard disk system that would meet many of the
above listed needs, either directly, through modification, or by providing
a basic design, is the Student Scheduling and Tracking System (SSTS).
The system, designed for W. P. Davidson High School in Mobile, Ala-
bama, was jointly developed by the school and computer specialists to

xdevelop a system to manage "student data management, scheduling,
and grade reporting" (Bolton., 1982, p. 24). As information about stu-
dents changes, the school simply enters that data and has an instant
update on those files.'

An additional microcomputer use, not usually considered, involves
staff development. Programs could be employed to (a) instruct teachers
in the use Of new methods; (b) instruct teachers in the use of new media
such as the microcomputer and other technological advances as they
develop; (c) instruct teachers in classroom organization and discipline;
and (d) provide teacher self-evaluation through a nonthreatening me-
dium whereby teachers input information, for eicaMple; on how a situ-
ation was handled. This type of program could then branch to a section
designed to provide the probable consequences of the teacher's action
plus alternative methods by which to handle that particular situation.

For DisCussion

1. List needs you perceive the administrator to have that
could be met with a microcomputer.

2. Describe the data that could be collected and fed into a'
microcomputer that.would assist you in writing specific
reports or would meet at least one of your needs.

3. Pow could you use the microcomputer to evaluate the
teacher in order to assist him or her with professional
growth,and development?

SUMMARY

Cher Ster 4 has presented microcomputeri, uses that assist in imple
mecting indliidualization for all students in the classroom. It has
presented uses to help both the teacher and the administrator carry out
their organiza9onal and administrative tasks in less time leaving them ,

more time for other responsibilities,
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Activities for Further Discussion

1. Taking one concept or skill, write the eduCational
component of a program breaking .down that skill or
concept into seqUential steps for someone with a specific
reading level. Print ekactly what 0 to be seen on the
screen at one time and nyinber the 'sets of information (the
frames) consecutively as you write them.

2. Taking the same concept or skill, rewrite the component at
a lower reading/conceptual level, breaking the concept or
skill into appropriate stepi."

3. Add to the list of needs you started earlier tire needs you
determine to be applicable to your situation that could be
met through the useof a microcomputer.
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CHAPTER

Microcomputer,Uses In
Special Education

As You Read This Chapter, Think About:

1. How to best use the thicrocomputer for the major special
education categories.

2. How existing computer equipment or planned equipment
for your school district could be modified to meet the
individual needs of students within your luriSdiclion.

INTROOUCTION

The microcomputerwhat can it do for handicapped learners? The
possibilities are limited only by imagination, time and money. The tech-
nology exists to do almost anything; the microcomputer age is fast
becoming a reality. Probably, the biggest barrier is the unwillingness of
educators to chhnge and to keep up with emerging tectology. It is
essential fot educators to receive inservice edUcation ancPto attend
workshops on a regular basis. And It is essential for school adminis-
trators and policy makers to be open to change and to the implications
these changes can have on the learning environment. "We, in special
education, have always been innovative in our approach to teaching
special populations.... For years, we have used manipulative dekices
and sensory equipment for students 'with handicappipg conditions"
(I-jannaford & Sloane, 1981, p. 54). It is time, again, for special edu-
cation to demonstrate the possible uses of a new technique, a new
technology, in meeting the educational needs of all learner&especially
those needs that have previously been difficult to meet.

a/
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This chapter provides a glimpse of some ways the microcomputer has
been" used with disabled people. lt,also provides suggestions as tO
possible future microcomputer uses ttiat could lessen, or perhaps in
some instances eliminate, the disabling effect Of i handicapping
condition.

For Discussion

Outline a plan Jo inform and involve teachers, administrators,
pplicy-making board members; and community memberi in
using the microcomputer as a method of ihdividualization and
as a change agent in'the educational process.

THE MICROCOMPUTER, IN SPECIAL EDUCATION

Physically Handicapped Students,

The microcomputer has already been used in a number of ways with'
students who are physically handicapped. Physically. handicapped stu-
dents have uied joysticks and headpointers to respond to questions and
other stimuli. They have also' used, other operating controls such as the
manual pointer and the rocking lever. Light pens can be used to respond
to questions and to give other.,input into the operation of a program. Light
pens can also be used to access programs from disks, create high
resolution graphics using a graphics board, and even edit programs
(Keeley, 1981).

A number of examples of the use of microcomputers by the physically
handicapped have been reported in the literature. ,One young boy who
was paralyzed from the neck, down as-a result of aAnjury at the age of
three is now, with thehelp of his brotherand a modified Apple computer,
doing his owri programming (Sand, 1981). (The modificatiOns are
thoroughly described in Sdnd's article.)

A father found a way to use a joystick to enable his child to control
cursor movement on a video screen. He went on to improvelhis process
by developing a 10-key keyboard the child could operate by elbow.or fist.
In this system two key punches add one character to the messageone
indicates the row and the other indicates the column. This program is
called Geim's Haniterm (Lutther, 1981, p. 28).
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A significant improvement in the sense of personal worth was re-
ported tor severely physically handicapped adolescents with cerebral
palsy after their experiences ilorking with LOGO. The youngsters used
LOGO for business programming using mathematics, work on spatial
deficits, remedial writing, and diagnostic efforts using graphics and seri-
ation tasks (Papert, 1981).

A young man with cerebral palsy and a severe communication hand-
icap gained ,a,ccess to a keyboard by using a wrist brace and the eraser
end of a pencil. This young man's parents run workshops to inform
others about their son's use of -the microcomputer (Apple Computer,'
Inc.). ;

The Alpha Menu program, developed by Bill James in San Antonio,
Texas, builds messages at the top of the screen from letters, numbers,
and punctuation marks displayed on a marrix. The Alpha Menu program
can be operated by a light pen, skate controller, or any other device
designed for the specific physical handicap (Luttner, 1981, p. 27).

A voice synthesizer, called a Sivertalker, is being used in connection
with the Apple computer, allowing handicapped persons to commu-
nicate by using a paddle button. The input is then transformed into
speech (Rendzio, 1981). Schneider (1981) reported. on a speech syn-
thesizer that takes keyboard entries and turns the input into speech
through a ROM chip. He also described a wOrd board used by nonverbal
students, and a system called Autocom from Telesensory Systems, Inc.,
that uses a RAM chip. The Autocom contains vocabulary arranged on
an adjustable grid. Friedman at the Rehabilitation Institute in Pittsburgh,
Pennsylvania, has developed a systgrn "using an AIM-65 micro-
computer, a TV camera, and some other hardware [which can] track the
eyes Of a person unable to speak. As ... [people] look at the words
displayed in front of them, the computer will speak to them" (Busch-,
1981, p. 73).

Some programs operate on -voice command. One suCh program,
which also can operate using a switch or joyStick, is the C2E2 (Control
Communications, Education, and Entertainment) system from the Uni-
versity of Alabama in Birmingham, Alabama. With the slightest move-
ment, the user can operate appliances that require 110-volt AC power.
This program can also operate a telephone and music synthesizer. The
C2E2 system operates on the Apple ll with two disk II drives, two CRT
monitors, a speech interface by Heuristfcs, Inc., a printer, and a custom
piece of hardware called a "simple 'black box,' which connects the
Apple system to the user's telephone and appOancesl's(Liittner, 1981,

p. 26).
Other programs for those who are severely Wilted have been devel-

oped tt, do such things as answer the telephone, write letters, turn down
the radio, and operate a number eappliances. These programs have
been developed by Artra, Inc., and are called the Artra Housemaster

4
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package. TheY are designed to work on a Heath/Zenith 89 but presently
are being expanded to" run ,on other personal computers. The Artra
Housemaster allows quadriplegics and other handicapped individuals to
control almost everything in the home, from appliances to sensing de-
vices that nse when intruders enter the home and call. the police.
Sensors ca even control such items as lights, turning them on and off
at a partic4u ar time or at a certain level of darknees (McLamb, 1982).The
computer can be controlled in two other ways: lhrough void() control
and/or through a remote keyboard. the cost-of the Arta Housemaster
package is less than $500.

The area (*homebound education has likewise been touched by
microcomputer technology. A microcomputer at home can be hooked ;
up through a MODEM and telephone to the place where, a teacher is
located. The student can receive 'instruction and type in responses on
interaction/queition frames which can then be corrected immediately
with instant feedback (Joiner, Sedlak, Silverstein, & Vensel, 1980). This
device can also be used within a hospital setting. A person who is both
deaf and blind can communicate with ,a sighted person located some-
where else by using a MODEM hooked up to a computer. The blind
person uses a Braille device hooked to a micrbcomputer-brailler. This
lets the person generate input and receive information in Braille on a
reading board with "moveable pins which raise and lower under micro-
processor control" (Uslan, 1982, pp. 2-8). The sighted person, with no
knowledge of Braille, receives thecoMmunication in print on the screen
and types in infOrmation using a standard keyboard.

"

Visually Impaired Students
Other developments in microcomputer technology have aided people
with visual impairments. A synthetic speech device is available from the
International Business Machines Corporation for visually impaired
typists. This device can be attached.to IBM magnetic media typewriters.
The speech sounds and preprOgrammed pronunciation rules are stored
in electronic memory circuits (Schneider, 1981). Several talking calcu-
lators have been developed including the Speech Plus Talking Calcu-
lator, which has a 24 word vocabulary. A Talking Telephone Directory
has been-developed that, when given a name," provides auditory and
visual outpLit of telephone numbers, credit limits, etc. One speech syn-
thesizer, called the Total Talk CoMPuter Term,inal,'" has an unlimited
vocabulary with adjustable pitch, voltre, tone, ant speedfrom 42 to
720 words per minute (Ashcroft & YOung, 1981).

One especially valuable'machine being used with the blind and visu-
ally imPaired is the Kurzweil Reading Machine 'designed by Ray

7
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Kurzweil, a gradUate from M.I.T. This machine "uses an electronic
scanner with a speech synthesizer to read printed material aloud. It is
progtarnmed for one thousand exceptions and can read 200 different
type faces at up to 250 words pef minute" (Cushman, 1981, p. 42). The
Kurzweil Reading Machine is operated by placing written materialon a
glass surface. Upon command, activated by pressing control keys on a
computer terminal, a camera moves back and forth under the glass and
across the page of the written material. The machine has speed and
tone control as well as the capability to spell words, give pronunciation,
and repeat portions of the material. In addition to this machine, Kurzweil
Computer ProduCts, Inc. (33 Cambridge Parkway, Cambridge MA'
02142) has create6 the Kurzweil Talking Iferminal "which will enable
voice impaired people to communicate orally when it is attached to a
teEminal and a print-to-Braille machine. [and] which will conVert a
500-page book to Braille in three days instead-of the usual three to six
months now required" (Cushman, 1981, p. 145). Unfortunately, this
machine is very large and expensive.

Other innovations for the visually impaired include a modification of
the game Simon (an auditory/visual memory game). It uses six switches
arranged, in a Braille dot pattern. It is activated by a handheld magnet
and includes a program ,to teach Braille to partially-sighted children.

'Large alphabetic characters plus their equivalent Braille patterns are
seen qn a television screen MOrse Code signals for the letters are also
alailable (Apple Cdrnputer, Inc., p. 8).

Hearing Impaired Studente

Microcomputer5 have also been used with hearing impaired individuals.
Since the microcomputer presents material primarily through the visual
modality, it can often be used with no modifications. One modification,
developed by Ted Peery from Carmichael, California,

allows arrApple personal computer to communicate with the Baudot are
ASCII devices. With this system, a person can hook up to computer infor-
mation networks and still communicate with.deaf people who use Baudot
feletypewriters. (Apple Computer, Inc., p. 8)

Elaudot is a system by whiciftharacters are translated into electronic
code. The Amateur Research and Development Corporation (AMrad)
has developed a system that can be Used with an Apple using Baudoi

-teletypeviriters whereby a small box "connects the Apple's game socket
to a MODEM for the teletypewriter" (Apple Computer, Inc., p. 8).

Currently under development is a machine funded by a grant from the
International Year of the Disabled. It is a speech training device that will
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"enable people with,sevare loss of hearing to 'see' a visual image of
their utterances" (Micro-Scope, 1981, p. 18). Another innovative adap-
tation that can be used by the deaf is Deafnet. This is a form of electronic
mail that uses a computer terminal and a telephone coupling device or
MODEM: ("ComPuters for the Handicapped: Panacea or Pie in the
Sky," 1982, pp. 4-5).

In response to a contest sponsored by the Applied Physics Division
of JoHns Hopkins University and the Tandy Corporation; another systern
has been developed that can assist the hearing impaired.

Dr. Ken Macwik developed a computerized vocalization trainer that is
individually paced to the hearing impaired student. The program allows
vocal sounds to be converted to visual patterns on a television screen. The
,hearing impaired individual can practice from reading the Visual patterns
until she/he achieves a similar vocal pattem. (Magliocca, 1982, n. p.)

The cost of this item at the present time is less than $600.

Autistic Students

Information on the effectiveness of the microcomputer is beginning to
surface in the area of the treatment of autism. Autistic children seem to
be especially fascinated by the microcomputer and comfortable inter-
acting with it.

A field study conducted by MCE Inc. reported much success in using
a commercially developed microcomputer program with autistic chil-
dren. Imitating a machine-like voice, the teacher made an audio tape
which she played while the students watched a program. Next, she
positioned herself near the tape recorder but spoke, herself, using the
same mechanical voice. Finally, she eliminated the machine quality of
her voice and communicated with the children in her.normal voioe. In the
teacher's evaluation report, she said:

They became very excited ... one boy 'sang' all the directions ... I was
thrilled. It's the first time he took an interest. I didn't even know he could
add. (MCE Inc., 1982, p. 15)

Emotionally Disturbed, Learning Disabled, and ,

Mentally Retarded Students

Research involving 18 hyperactive 6- to 14-year-olds used a computer
program to test for change in behavior for completing mathematical
problems: The software program used in the sttgiy was individualized to
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the child's level of problem difficulty. The display was readable, using
extra spacing betweeh characters. The answer format was as close to
a paper and pencil format as possible (i.e., inputting from right to left).
Problem solviog was self-paced. When the child w eady to give an
answer, he pushed a button and the program advancWif answers were
right, praise was given;' if answers were wrong, the student was told he

Lwas wron§ and the correct answer was given. "Built-in messages ...
were specificallyselated to the child's problem of hyperactivityspecial
messages appeared whenever a child answered too quickly, took too
long to respond, or simply made too many inappropriate button
presses" (Kleiman, Humphrey, & Lindsay, 1981, p. 93).

Other children needing positive feedback have been reinforced as
they viewed programs that were "patient" and indiyidualized to their
levels. For those with learning problems, the individualization is es-
pecially important because branching to appropriate concerAual and
reading levels can occur with presentations that remain at the same
interest level. Children with short-term memory problems have been
helped l;ecause microcomputer presentations can provide prompts and
multisensory approaches to learning. Tasks, such as tracing over dotted
lines- with a light pen, typing in rr4ssing letters, and identifying correct
words have all been used successfully., For students who respond too
quicKlY, the keyboard can be locked until sufficient time has elapsed for

.4' a reasoned response to be given (Grimes, 19e) or messages can be
placed in the program, telling the student.to slow down.

Seymour Papert's work has indicated that problem Solving skills can
be developed through computer programming and that learning im-
paired children can increase their writing ability by using a word pro-.
cessor. Furthermore, carry-over into other academic areas was demon-

strated (Moursund, 1981),

Gifted Students
Microcomputers offer the gifted learner an opportunity to be involved in
advanced problem solving and highly technical programmingan obvi-
ous resource for program development where software is needed within
a school system/university. Simulation programs can also provide a
challenge to the gifted learner as well as expand the depth of the
curriculum and increase the wealth of information that can be presented
in the classroom. The microcomputer can help gifted learners in areas
that need strengtheningallowing them to work on their own and
progress through branched programs designed to stimulate interaction
with the concepts presented.
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Testing

Using the microcomputer for testing offers a number of advantages.
Individuals who have difficulty communicating can use a microcomputer
with appropriate peripherals to ansWer test items through different re-
sponse modes. By providing new options for communication, informa-
tion that was previously impossible to collect can now be obtained.
Testing by microcomputer may well reduce anxiety felt by some stu-
dents during situations in which human interaction is involved, thus
increasing the validity of the results. Test results can also be objectively
analyzed. Error diagnosis, student strengths and weaknesses, data
storage, correlation with other test results, ,generation of achievement
curves, and other types of data analysis can also be Performed. Pro-
grams that analyze test results have been developed by testing compa-
nies. For examPle, South Microsystems for Educators in North Carolina
has developed a program that analyzes the Wechsler Intelligence Scale
for Children, revised edition (WISC-R), and provides interpretive infor-
mation about the results. The interpretations and recommendations are
both clinical and educational (National Association of State Directors of
Special Education, July 9, 1982).

Individualized Education Program

Test analyses in combination with other information generated by ques-
tionnaires, observation checklists, interviews, and so forth could be
used to individualize every student's educational program. Computer
analysis could generate and update individualized education programs
(IEP's) for the special educator. All areas of these plans could be stored,
from the diagnosis to the methods and Materials appropriate to reach
the educational objectives. Minutes frog meetings could be voice en-
tered. and printed so that all involved persons could have instani tran-
scripts. Besides th time arid energy saved, there is the added value of
the relatively obje ive diagnosis of learning problems.

This use of mic ocomputer technology has already been developed
by several agencies including the Public-Child-Based Information Sys-
tem of the Central Susquehanna Intermediate Unit, Lewisburg, Pennsyl-
vania; and Gacka Computer-Aided FEPs from Curriculum Associates,
Inc., in North Billerica, Massachusetts (Wilson, 1981). -Other computer-
ized IEP systems include the Modular Student Management System
from Educational Systems in Falls Church, Virginia; and a program
called Microplanner from Learning Tools In Brookline, Massachusetts
("Programming IEP's," 1981). The Control Data Corporation has also
been working On a system, using PLATO terminals, that "monitors a
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student from initial screening for thilhandicap through assessment,
program selection, I.E.P. development and educational achievement"
(Wilson, 1981, p. 9). An additional program, called Project IEP, found at
the Evans Newton Incorporated Software Library prints 15 different
reports for the teacher, parent, student, and administrator.

Computerized Bulletin Boards

Computerized bulletin boards (CBB's) are also being.employed in spe-
cial education as a method of communicating with the handicapped,
their, parents, teachers, and program administrators. One such CBB is
SpecialNet, which for a nominal fee, provides information about special
education books, programs, training, legislation, and technology.
Another CBB, which answers telephone messages through a MODEM,
is the Handicapped Educational Exchange (HEX). HEX is a clearing-
house for information on the use of technology to aid the handicapped.
It also demonstrate§ how inexpensive home computers can be used to
provide message exchange systems for the deaf (Barth, 1982). Mes-
sages from this CBB mime in three formsinformation files, databases,
and telephone messages. HEX was developed by the American Radio
Research and Development Corporation (AMRAD) located in Washing-
ton D.C.

TODAY AND TOMORROW

Initial exploration of microcomputer use has already touched every ex-
ceptionality. The technology is here but the application is still in its
infancy. Much is still experimental; much requires an abundance of
equipment and is extremely expensive. As Cushman (1981.) stated in
her article regarding one cciporation developing systems for the hand-
icapped, they are "still working on improvement and hope to reduce the
machine to the size of a briefcase at a cost no more than an automobile"
(p. 145). In time it is expected that much of the equipment will cost no
more and be no larger than a pocket calculator. In the meantime, the
knowledge of what has been developed and the creative imagination

-special educators have used so far should be the catalyst for change in
the immediate future.

Developments beyond our comprehension wq probably occur in the
next 20 to 30 years. There will be more disk sharing or network systems.
There will be video disc systems that will combine the capabilities of the
microcomputer. Using these capabilities, they will combine movies,
slides, and instant television to allow students to enter simulated experi-'

76
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ences to go back into tiMe, ahead into time and space, and actually
experience events as they are happening thousands of miles away. To
experience all of this, the student will not have to leave home but will
receive and input information into a home computer interfaced with a
television set.

The school of tomorrow may not be as we know it today. Student
scheduling will tie flexible, with teachers coordinating information, de-
veloping programs, and working with small groups of students for dis-
cussion and experiential purposes. Students will also be able to interact
with other students around the world. Experts and resources will be as
close as your fingertips.

Handicaps may no longer be disabling. The Six million dollar man may
become a realityvirtually eliminating the disability caused by the hand-
icap. Already, medical science is developing a tiny computer that can fit
into a vein to regulate the amount of insulin injected into the blood
stream of the diabetic. Educators will be able to analyze learning prob-
lems and be able to get an IEP based on a pool of information and plans
designed by experts around the world. A program will synthesize all
informationfrom teachers, student, parents, physicians, and social
services specialists.

For Discussion

1. List the needs of handicapped individuals and, across
from each need, list possible ways to meet those needs,
especially considering the technology available today.

2. List and discuss all ideas for further uses of the computer
(e.g., satellite networks in the home combining video disc
with computer for interactive purposes; minute computers
that can be placed within the body to help people to talk,
to physically move their bodies, to inject medication as the
body requires, or to provide positive reinfotcement for
acceptable behavior).

SUMMARY

This chapter has explored some of the current microcomputer uses for
exceptional individuali. It has also presented some ideas on uses that
can be and are being deveioped. Where are we going in special edu-
cation? The answer is uPto all of us. It's exciting to think that the goal

7 'I
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of individualized education is in sight not only for special education but
also for all education. Total individualization in education is possible. It's
also exciting to know that an ounce, of technology and a poynd of -

ingenuity added to an Apple a day could help many Johnnys and Joans
grow and develop into self-sufficient adbkts.

Activities and Further Discussion

1. In an earlier chapter, you were asked about education in
the future. Using your wildest imagination and the
knowledge you now have about the microcomputer, what
will education be like in 40 or 50 years?

2. If you had your way, what changes could you make in
education tO individualize for the handicapped population
under your jurisdiction? In 'dude changes both in the
special education clessroom and in the mainstreamed
setting focusing on further implementation of the
philosophy of "least restrictive environment."

0
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* CHAPTER 6

Elementary Programming
for the Microcomputer

As You Read This Chapter, Think About:

1. What an authbring system is and how it would orivould not
be of benefit to you.

1 What the educelorlarprocess is in.developing an
education& microcomputer software program.

3. How to program informallork and questions.

4. How to further develop the pOgramming skills necessary
to program software and/qr where to obtain assistance and
support. .

5. The best method for you to follow in developing software at
the present time (e.g., BASIC, authoring system, etc.).

INTRODUCTION

This chapter will introduce the reader to various methods by which
educators with little time or expertise in computer programming can
begin to understand the programming process. It is also designed to
stimulate further learning through courses, books, workshops, inservice
presentations, and independent experinVentation on the microcomputer.
Advanced programming takes years of study and experience, but by the
And of this chapter, you will be able to write relatively simple but edu-
cationally sound programs.
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It takes hdurs, hours, and 'more hours to create educationally and
technically sound complex programs. Adcording to Braun, "The cost to
develop juSt one goodrepeaf, gbOdProgram is roughly $10,000
$12,000 and that's assuming a hot-fOr-profir producer" (1981, p. 36).
The implication is that the eduCator can do some programming, and
certainly should. The educator should be able to program relatively
simple computer managed drill ,end -practice programs and tests and
relatively simple computer Managed concept instruction programs, and'
data management program& Furthermore, the eduaator should be able
to modify some prograrns=although not many commercial producere
allOWthe consumerto make.dhanges because of theirfear of piracy and
the possibility of putting "bugs" into complex programs that will keep
them froM running. ..

Triis chapter first discusses authoring languages and systems and
follows with an intreduction to programMing using an educational model
and the BASIC language. The final Section Suggests some sources for
funding to,assist,the creative educator in programming Unique software
and fr) developing or modifying hardware for handicapped individuals.

AUTHORING SYSTEMS

One way for educators to develop their own programs is by using an
authoring language or sYstem. These are software rkograins, designed
to assist the novice programmer in formulating prograrns. Authoring
languages include suen programs as Planit, Tutor, and Pilot. Authoring
systems require even less programming knowledge and include sys-
tems such as Ticcit, Genis Courseware Development System, Blociss,"
and braForth ft Authoring'systems, unlike authoring languages, do not
have command.statements but include a built-in logic. The educator
needs only tc fill in the presentation, questions, answer's, feedback, and
brief remediations for student Mistakes.

One of the simplest authoring systems to use is LOGO, which was.
developed specifically for elementary age students but has even been
used with preschoolers. The system uses turtle graphics, which involves
a symbol,. shaped like an arrowhead, called a "turtle." Based on the
clirections given, the turtle moves around the screen, leaving a trail
behrnd it. A dhild can draw geOmetpcally complex figures by directing
the turtle's movement&

Another authoring system onthe market was created for the Apple
microcohlputer l;ty the Bell and Howell Company. This disk-driven sys-
tem is called GENIS I, Which is an acronym for Generalized Instruclinal
Systems and is composed of tvio 'interrelated software systems aled
CDSI (COurseware Development System) and MARK-PILOT. In gen-

,
-.0
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. FIGURE 6.
GENIS I example.

SECTION 1OUESTION

TYPE IN THE QUESTION AND pusH THE RETURN BUTT&

(Bell & Howell Company, 1979)

eral, COSI presents information', judges the responses, and provides
correCtive feedback, while storing into memory the responses made by
the student. The student can make three mistakes and get "TRY
AGAIN" on the screen. Then the answer IS given. An example of the
simplicity of the prograM is given in Figure 6. .

With MARK-PILOT the commandt are primarily based on the alpha-
bet. For example, T stands for text, A stands for answer, and M stands
for matching the student response with One previously selected by the
teacher. -A menu presented on the screen allows the user to see a
catalog of current exercises, obtain the results froni an exercise, change
dr delete an exercise;create or modify the student's program or create
a new presentation or tpst (Bell & Howell Company, 1979).

Another authoring system, Gra Forth II, also uses turtle graphics with
directions that have the turtle TURN and MOVE, Thii system creates
not only flat surface ,griphics but also three-dimensional graphics. It is

programmed for the Apple Wand Apple II Plus.
*One additional system, which wilt be briefly caiiered, is the 'Blocks ll

Authoring System, also available for the Apple II microcomputer. In;
addition to the usual graphics directions, this system 'creates graphics
using game'paddles, joysticks, dr the Apple Graphics Tablet. It allows
for high resolution graphics thatinclude text and tables to be printed on
the screen at the same time. The program not only permits the teacher

'to program text and questions but also provides a system to check on
the student's responses.

AUTHORING LANGUAGES

Authoring languages are more complex than authoring systems, but
they are still relatively easji to , use. PILOT is probe* the most well-
knoWn authoring languagewhether it be Apple Pilot, Atari PilOt, or
TRS-60 Pilot. PILOT is an acronym for Programmed Instructipn, Learn-
ing Or Teaching. Commands use91 in*PILOT include TYPE, ACCEPT,
MATCH, COMPUTE, JUMP, and& USE. The TYPE command permits
text to be displayed on the icreen. The ACCEpT cowhand causes the
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microcomputer to wait for a reeponse to be entered. Pie MATCH com-
mand sets up the parameters for the response to be considered as
correct or incorrect. The COMPUTE command places numeric or string
values into variables and evalUates the mathematical expression (al-
lows fo( mathematical calculations). The JUMP command allows for
branching or sending the program to specific locations in the program.
The USE command tells the Computer to execute subroutines or mini-
programs within the main program.

If authoring languages are used, several specific guidelines should be
followed:

1. Design the screen -displays so they are easy to understand....

2. Have the student respond frequently....

3. Plan for wrong answers....,

4. Check for inappropriate answers...'

5. Use branching so students having problems with a lesson do not
become frustrated with questions they cannot answer and students
who know the material do not become bored with material that is too
easy.

6. Use colon graphics, and sound to convey information, reinforce stu-
dents or draw attention to important information. Avoid extras that ...
distract from important information....

7. Be ... concemed with the student's learning. (Kleiman & Humphrey,
1982, p. 38)

Authoring languages and systems can be especially helpful to tile
educator On the other hand, they lack flexibility and should be thor-
oughly evaluated as to whether they have the capabilities required for
specific uses. They should be easy to learn and easy to uses InstruCtiOn
manuals will help you make these determinations. Obviously, other
areas that are applicable in the evaluation of softw1are shdold be in-
cluded, such as the cost and backup policy.

One last caution: "Authoring systems reduce cost and effort by reduc-
ing variety in much the same way that cost and effort are reduced in fast
food restaurants" (Merrill, 1982, p. 77). That does not mean you should
not buy them. It does mean.that you should understand what they can
and cannot do.

It is not the intent of the author to convince the reader to use these
systems and certainly not to avoid learning programming skills, but to
provkde introductory infOrmation that can help in the comprehension of
programming. In fact,

Many teachers find computer programming a fairly, easy skill to learn.
Elementary cOmputer prograMming does not require expertise in mathe:
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matics or computer technology. The process of creating a computer pro-
gram is, in fact, parallel to creating 'a lesson plan. Like lesscii plans,
computer programs are sequentially structured, with one idea building on
earher concepts. translating the lesson or sequence into a computer lah-
guage is no more'difficult than learning how to communicate to students.
(Sokoloff, 1981, p. 16)

For Discuss, On

1. Discuss reasons why the educatoi should:have some
basic knowledge in computer programming.

2. What are some of the advantages and disadvantages to,
authoring systems and/or languages?

, 3. What skill(st do educators have that are also necessary for
compute? p)ogramrning?

EDUCATIONAL COMPONENT OF SOFTWARE
DEVELOPMENT

Creating an effective educational computer program using BASIC or
any computer language requires the combined effort of educational and
technological expertise. The educator needi to- understand the tech-
nological capabilities of the microcomputer and the programmer needd
to have an understanding of the edutational principles and the popu-
lation for whom the piograms are being written. With the iMportante of
this understanding on the part of the educator aRdprogrammer in mind,
the rest' of thiq chapter is written for the educat r who has limited .
knowledge in the area of programming.

There are a number of steps in the designing kIL software program
which stiould be followed in order to assure educational effectivenebs:'

1. Define the problem, establish the goal, and develop instructional
objectives.

2. Develop an outline designed to teach each of the concepts as
established in the objectives.

3. Print exactly what will be seen on each frame.

4. Develop an edticational flowchart.

5. Edit for content, flow,"errors, _and continuity.

tv)
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6. Work closely with the programmer or, If programming yourself, ob-
tain advice as necessary to make optimum use of the capabilities Of

A the microcomputer.

7. After programming, do final edits to check on the same factors as
indicated in number 5 as well as to make sure there are no problems
in the running of the.program.

8. Develop the documentation.

Define Problem, Goal, and Objectives

The first step in developing educational, software should be to define the
problem, establish the go'al, and develop the instructional objectives.

Develop Outlire
The second step is to establish a sequential outlineindicating exaetly
how each concept will be developed and in what order. Each concept

, should be introduced, sequentially presented with appropriate exam-
ples, and summarized. An evaluation section should follow the sum-
mary. The user should be required to input information that indicates
that he or she has understood the concept. The program outline should
indicate what the appropriate response oh these frames should be and
how the program will handle correct, incorrect, and inappropriate re-
sponses. Inappropriate responses indicate the user did not comprehend
the directions (e.g., typing something other than Y or 41 on frames
requiring Yes or No responses). It is a good idea to indicate in,the outline
how much of a response will'be'considered correct (e.g., Y fof' Yes or
INC for Income). There is no need to have the machine check the
complete typing of a word unless the program's goal is to increaSe
spelling and/or typing skills.

,

Print

'The third step is to print exactly what the screen will display in sequential
order frame by frame. TINS involves a number of considerations:

1. Try to limit the number of lines on, one frame (what you see on the
, screen at one time), to five or stix lines. These lines should be
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.
double-spaced for ease of reading. For some students you may
want to have less than five or six lines, depending on the ability of

the student to handle the information. .

2. The humber of spaces going across the frame is-also limited. Usut
ally, you will limit the spaces used to 37 or 38.- The number of
spaces you can use7 is machine.dog.endent. It is important to re- .
meniber that every4pace must betlintednot just the letters. For
.exarnple,.

LIMIT YOUR SPAtES.
takes up 28 spaces because the line is indented 5 spaces, there is
a space between each word, the punctuation takes up 1 space, and
the letters take up 15 spaces.

3. How you place the information on the screen is also important.
Information should be organized so that it will be best understood
by the leerner. For example, try to avoid breaking lines in the middle

. of precbsitional phrases. '

4.. Blinks, flashes, and inverse print can be used as,attention g tting
and retention devices. A blink makes a word go on and of the
screen a specified number of -times. A- flash continues unti \ the
frame leaves the screen. This author-Was.foUnd These tWo options
to have limited benefit, however, because flashes and blinks are
distractions. Therefore, their use should be carefully considered.
InVerse Print, however, has been very.beneficial in highligtiting new
vocabulary or important terminology. Inverse print means that the,
print is blacleon a white background as opposed to the usual white
on a black or green background. Two extra spaces are taken up
when inverse *print is used, one-at the beginning Of the inverse and

one at the end. The space at the right end could also include the
punctuation mark.

5. Graphics can be used. For example, $.0`iith Apple-soft and low-
resolution graphics, you can color in the squares,or spaces you

,

would be using with a choice of 13 colors (Applie II) at the top of the
frame, leaving three lines at the bottom of the frame-for any text or

words yoU want to add (two lines If you doubleNspact). Remeenber,
you are coloring square spaces so your creativity is often tested
especially if you want to have W shape appear curved.- Ordinary
graph paper can bektied for designing frames. Examples of a text

, and Oaphics frame are presented in Figures 7 and Ell Room should
be left for noting frame number, how much of a reiponse isle be

, considered cOrrect on 'question frames, what franie to "GOTO" if a

response is correct, if a response is not coltect, 'and if a response
is inappropriate. ,

4:3
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Develop Educational Flowchart

Step four involves a method by, Which the programmer, either the edu-
cator or someone else who can do programming, can determine the
exact order for typing in a program. It is a road map to follow while
programming. This is especially important following question/interaction
frames because more than One path may be taken depending on the
user's response. This method or roaO map is called an educational

'flowchart. An example of a simplified educational flowchart is shown in
Figure 9. . . "

In programming the software.shown in Figure 9, each frame must be
typedin in the order the frames are to be seen by the user. In following

,

on ans 0
5

FIGURE 9.
Simplified educational flowchart.
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the arrows, it is noticed that three arrows come frorfl the question or
dianiond shaped frame (frame 4). Within the computer program, direc-
tions must be given to the computer based on evaluation of the learner's
response to the question.

Every conceivable response must be considered; otherwise, when4
the program is run and an alternative not covered is typed, the computer
will stop running the program and an error message will appear on the
screen. Therefore, if the learner or person running the program's re-
sponse is correct on frame 4, the program will proceed to frame 10. If
the response is whatever the computer is programmed to accept as
wrong, Ilia computer goes. to frame 6then 7, 8, and 9 for reteaching
the concept before it rejoins thd main part of the program. If there-
sponse is not evaluated as coprect or Incorrect, then the program goes
to frame. 5 where further instructions are provided to the learner on how
to respond to the question. Unless-you tell the computer otherwise, if the
learner continues to type an inappropriate resPonse, the computer will'
continue going to frame 5 and then back to frame 4. This ig called ,a
continuous loop. There are ways to tell the-computer to only go through
the loop once and then consider subsequent inappropriate responses
as wrong (or gob° frame 6).

Frame 10 should be a reinforcement frame that indicates to the
learner that the response is correct and that he or she is doing a "good
job." On the other hand, frame 6 ghould not be a punishing frame but'
should be encouraging and reinforce "trying."

Edit

Step five calls for the program, wNch is still in script form, to be proofed
and edited. In going over the frames, the editor should not only check
for spelling, grammar, sentence structure, syntax, and punctuation but
also for context and the "flow" of the program. This is especially im-
portant in Writing a computer program because of the various directions
a program can branch ici from one point. Any directions for programming
should also be checked because nothing should be taken for granted
except for rules established earlier by the writer and programrher (e.g.,
hbw many letters are needed to determine if a response is correct).
!#,ANhile editing the program, jt is also a good idea to follow through the
flOwchart at the same time to make sure the frames and the flowchart go
together and to make sure every frame leads to another frame until the
ending frame is reached. After the writer is comfortaOle with the pro-
gram, it shoul51 again be proofed and edited by someone else who has
knowledge of the subject matter and some familiarity with writing com-

puter programs.

'
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Work with .Programmer
-

Step six indicates that the writer and programmer should work together,
closely so that the programmer may make suggestions RI the, writer on
how to make better use of the microcomputer during both the writing and
programming stages. The writer should also be available during the
programming stages to anawer questions about fôrrnatting what is seen .
on the screen, and so forth. This step, of course, is only necesisery if the
writer and programmer are two different people.

Perform Final Edits

Step seven requires further proofing and possibly editing after the soft-
ware has been programmed. The proofing at this point should take two
forms, if a printer is available. Itshould be proofed by running the
progr'am to be sure it.will'run to.completioh regardless of what paths are
taken according to the flowchart and regardless of what is typed in on
the input frames. In other words, make sure the program is "user-proof."
Besides running the program, proofing should involvereading through
a printout to catch any errors that might have been inadvertenily missed.

Develop Documentation

Step eight calls for developing documentation. The .docymentatIon
should tell the user how to run the program, list the goals and objectives,
describe the program, and discuseanything else the user (student and
teacher) will need to know to make the best educational use of the
program. This step is especially important if "swapping" of programs
MMUS.

Next Steps

In this section of Chapter 6, the reader has learned the foundations of
the educationarcOmponent in the creation of a microcomputer program.
Before attempting to write a program, however, the reader may wish to
review the evaluation form discussed in -Chapter 2especially as it
relates to educational principles.

After the program isexactly the way the educational developer wants
it to be, in Other words the first five steps !Ave been followed, the
computer programming can begin. This programming can be done by
the educator or it could be presented to 4meone else who has the
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technological capability. For example, students in computer program-
ming classes; other teachers, or computer programmers hired by the
school system for that purpose could do the actual programmingif the
educator does not have either the expertise or the time to do so.

For Discussion

1. Why is the educational component necessary for the
deVelopment of effective educational software?

2. Name and describe the eight steps in the educational
component of software development.,

3. Establish therobjectives for a simple program and then
create an outline, text, and educational flowchart for one
concept from the subject of your choice.

4. Create one low-resolution graphic including two lines of -
text on paper (using a grid form found in Figure 8).

PROGRAMMING 'COMPONENT OF SOFTWARE
DEVELOPMENT

NOTE: While reading this section, it is suggested that the
reader stop frequently and create a few lines of program to
practice The various directions, statements, and commands as
they are presented.

Now that you know how to complete the educational component of
software developmenit, you need to learn how to technically `program
that educational comPonent. Although the discussion will center around
the Apple II, it can be generalized to other microcoTputers. For exam-
ple, the RETURN key on the Apple has similar tunction6 to that of the
ENTE8 key on the TRS-80. Therefore, if you learn cohcepts on one
machine, you can readily transfer that knowledge to other Machines with

the aid of the operations manual.
First of all,'on any Machine you need to become .familiar with the

keyboard. The letters on many machines, such.as the Apple, are all
upper case so you do riot need to worry, about whether the letters you
are typing are in uppig or lower case. When yOu use the shift key on
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certain lettert, however, what is written on the top part of that key is

tYPed.
You also heed to be aware of two important facts about the keyboard.

Make sure you type a 1 when you want thenumber one andhot the letter
1 fot number one. You must also be careful to type a 0 when you want
a zero and the letter o when that is what you mean. The arrow keys are"

twO other keys with which you should becprne familiar.
A

If you make an eyror while typing e liner-you can (Jae the backarrow
key (4).to move back where you want to be. Then just type what you
wanfthat line to say from that point. You can Ellsouse the forwardarrow
key (--,-) to move ahead without erasing any type. The spacebar ts not
only used for spaces as on a typewriter but can also be used to erase
letters.

The REtURN key is used within a program to go on In theprogram.
When programming, it is used to enter a line into memory. The ESC key
means escape and in some programs allows the user to escape from a
program. .

Getting ready to program is dependent on.your machine, and the
preparation section of your operator's ,manual should be read carefully.
Atter your machine has been turned "on and the DOS (disk operating
system) has been booted (read into memory) or a disk has been initial-
ized, you will be ready to type in a program you can lat9r save on a disk.
But before you actually try to program or to look at a program, a number
of keys and commands need to be presented,

The key words or directions for the computer that, need to be under-
stood for beginning programming on the Apple are:

PRINT END
LET IF ... THEN
INPUT FOR ... NEXT
Gam

Maki key words are part of what is called a BASIC statement that giVe's
directions to the microcomputer.

PRINT directs the computer to print a statement on the screen. If you
-want the statement printed right away, you just type:

PRINT "I LIKE APPLES."

Atter you type in the words that you want to appear on that line with
quotation marks around them, then press the RETURN key to enter the
statement into memory. Immediately,

LIKE APPLES.

will appear on the screen. If you do not want a statement to appear on
the screen right away, you can write it as a deferred statement. Deferred

.4
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statements are also stored in memory and will be erased if you type
NEW,or turn off themachine,,To write a deferred statement, you add line

numbdrs to the beginning of the line you want printed:

1000 PRINT LIKE APPLES."

Obviously, if you want to wait,before you put something on a screen, you
need to tell tlie-Computer not only to hold the information but also to keep

it in a certain order. This is done by numbering the directions you giVe

to the machine.,For example, the previous line about apples was num-
bered 1000. The next line you want in order might be 1010. Many
programmers use line numbers which are 10 digits apart. This is done
in case lines must be addedletween existing lines pf the program. In
other words, you Can type in lines in any order you want. but the com-
puter will execute them in numerical order. If you decide to add a line or
two, there is no problem as lohg as you have left space for line numbers

to be added. You can change lines easily, too. just retYpe the line
number and type'how you want it chartged..The last way a line is typed

is the way the machine stores it. If you make a mistake on a line while
you are typing it, you can use the backarrow key to go back and fix it.

LET is another direction that can be given to, a computeralthough
on the Apple it is not absolutely necessary. LET tells the computer to
store or assign data into memory. For example:

1110 LET A 3
1120 LET B 6
1130 PRINT A*13

1What you will get on the screen is 18 because 3 x 6 18. The symbol'
means multiply. We only got the answer because we did not use .

quotation marks. .

INPUT is a direction that permits interaction between the program and
.theone who runs the program. When an input statement is entered, a
? appears orf the screen and' remains until the person running the '

_program provides input. For example:

1110 PRINT "HOW OLD ARE YOU?"
1120 INPUT A

GOTO statements tell the computer to go to a specific line number
and cOntinue executing from the specified, line. We could add a GOTO

statement. to the'two previous lines:

1130 G070 1110

Now, after line 1130, the program will go to line 1110 as directed and run
the sequence again. This program would run forever If something did

t

"s-
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not happen to stop it. This is an example of a continuous loop. We can
add an IF ... THEN statement which will stop the looping if a specified
condition occurs. Consider this pro§ram:

1110 PRINT "HOW OLD ARE YOU?"
1120 INPUT A
) 130 IF A < 40 THEN GOTO 1180
1140 PRINT "YOU ARE AT AN AGE"
1150'PRINT "WHERE LIFE BEINGS."
1160 PRINT "HAVE FUN."
1170 GOTO 1200
1180 PRINT "YOU ARE TOO YOUNG."
1190 PRINT "LIFE BEGINS AT 40."
1200 END

Notice how the program controls which,line comes next. If the program
user types in any age less than? 40, the program goes to line 1180
because of the IF ... THEN statement on line 1130. If an age of 40 or
Older is typed in, lines 1140, 1150, 1160, 1170, and 1200 follow. Notice
line 1200. You see an END statement. That tells the computer to stop:
the program has ended.

The only other statement to be added at this point is a FOR ... NEXT
statement. A FOR ... NXT statement, or FOR-NEXT loop; tells the
computer to do something under certain conditions and continue until
those conditions are met. Here is an example: 4

1110 FOR N = 1 TO 5
1120 PRINT "HELP ALL STUDENTS"
1130 PRINT "BECOME SELF-SUFFICIENT"
1140 PRINT "ADULTS."
1150 NEXT N
1160 END

The FOR ... NEXT statements tells the computer to print three different
lines one right after the other five times before going to the statement
that tells it what to do nextin this case to END.

These statements and others, that can be learned as experience in
programming grows, tell the computer exactly what to do. In fact, if you
make language errors in writing a program, ff will tell you with an error
statementoand the line number where the error is located. If this hap-
pens, jou can fix that line by typing LIST and the line number to see the
way yoU programmed it. Then you can retype it correctly. Computers
cannot think for themselves and can only do what they are told. They,
cannot point out errors in program logic, or make judgments or
assumptions.

9 ,
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Now that you understand a few statements or directions using BASIC
words the computer understands, there are a few commands about

whibh you need to know:

LIST CATALOG DELETE

NEW LOAD CTRL C

RUN SAVE RESET

The command LIST was presented in the discussion of how to get a
line back on the screen that previously was typed. The command LIST
by itself allows the programmer to see all the lines that have been typed
in consecutive order. It is a goo'd idea to type this 'command before
starting to program to make sure nothing is in memory that will disturb
your programming. It is also a good idea to use this command to make
sure what you have typed in is actually there and is the way you want

it. If you only want to see one line, you also type LIST; but in this case,
You type LIST and the line number (i.e., LIST 1110).

When you are getting ready to write a new program, the command
NEW should be typed. Everything in memory will be cleared or erased
to make sure old program line numbers do not accidentally get into your

new program.
Then, to.execute or run a program after keying or typing it, the com-

mand RUN is used. RUN tells, the computer to run the program in

memory as set upnot with the line numbers but following all the
directions you have programmed.

Now assume that you have your programs stored on a disk. (Instruc-
tions on how to do this follow.) YOu decide you want to load one of these

programs from the disk into the computer. First, you would type the
command CATALOG and then press the RETURN key to obtain a menu
or list of the programs on that particular disk. After you select a program
and you want it to enter the machine's memory from the disk, type the
command LOAD or RUN plus the name of the program. If you type
LOAD, the program will load. LOAD only transfers the program from the
disk and places it in the machine's memory. To get the loaded program
to run, you must then type RUN. If you type RUN and the program name
the computer will both load and run the program.

Next you will learn how to save and erase programs you have written.
These directions are given to the computer through the commands of
SAVE and DELETE. To keep or save a program by loading it into
external memory, as onto a disk, you type SAVE plus the name of ta
program. To do this, be sure that the disk has previously been Initialized
using the DOS. When a new disk is purchased it is completely blank.
Initialization places index marks electronically on the disk so that the
computer knows where to store your program. DELETE works the same
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way as SAVE except that it erases a program from-the disk. To erase or
delete a program, simply type DELETE and the name of the program.
If you create a program and SAVE it but later want to change it, you can
do this by LOADing that program, retyping the lines you want to change,
adding new lines, and ergsing unwanted lines by just typing the line
number and pressing the RETURN key. Then simply SAVE the program
again using the same program name, and you have replaced your old
program with a new corrected one.

When you are running a program and you want to stop it, there are two
methods that you can useCTRL C and RESET. If you press the
RESET key, it's like starting from the beginning. If you use a CTRL C
(Control 0), the program stops and the line number where the program
stopped- appears on the screen. With CTRL C, you can continue the
program where you left off-by typing CONT for continue. To enter the
Control C command, hold down the CTRL key and while holding it down,
press the C key. Using the RESET key to sfop programs can have
undesired results. If it is pressed while information is being saved on the
disk, for example, some of the data, may be lost.

In this iection of Chapter 6 you halo learned some elementary pro-
gramming. You can create a few programs.

For Discussion and Application

1. List and define terms, directions (key words), and
commands used in elementary computer programming.
Space should be left for additions to this list.

2. Create a program that teaches one idea or subskill, using
as many of the directions and commands as you can. Do
not forget to use line numbers that are at least 10 digits
apart. You may wish to use the program you wrote in the
previous section of this chapter.

3. As you read the next section of this chapter, add terms, di-
rections, and commands to the list you sthrted in number 1.

SAMPLE PROGRAM

To provide the reader with an example of an actual program, a sample
program flowchart (Figure 10) and the program based on that flowchart
(Figure 11) are included here. This program involves the branching
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FIGURE 10.
Educational flowchart for sample program,

"What mlcros can do."
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-
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2400-2490
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FIGURE 11.
Sampio computar program: "What micros can do."

100 REM SAMPLE BRANCHING PROGRAM
101 REM "WHAT MICROS CAN DO"
102 REM DR. FLORENCE M. TABER
104 REM PROGRAMMED 12 JULY 82
106 REM APPLE Il PLUS 48K DOS 3.3
1000 TEXT : HOME : NORMAL : SPEED. 255: VTAB 9
1010 HTAB 10: PRINT "IODAY YOU WILL LEARN": PRINT
1020 HTAB 14: PRINT "ABOUT COMPUTERS.": PRINT : PRINT
1030 HTAB 1: PRINT "TYPE YOUR FIRST NAME NOW.

". PRINT
1040 HTAB 1: PRINT "THEN PRESS THE RETURN KEY."
1050 VTAB 14: HTAB 27: INPUT " ";SN$
1860 SN$ LEFTS (SNS,12)
1070 IF SN$ "" GOTO 1000
1100 TEXT : HOME : NORMAL : SPEED. 255: VTAB 6
1110 HTAB 7: PRINT "A MICROCOMPUTER": PRINT
1120 HTAB 7: PRINT "IS A TOOL": PRINT
1130 HTAB 7: PRINT "THAT CAN HELP": PRINT
1140 HTAB 7: PRINT "THE TECHER": PRINT
1158 HTAB 7: INV4RSE : PRINT " INDIVIDUALIZE ";: NORMAL :

PRINT " INSTRUCTION": PRINT
1160 HTAB 7: PRINT "IN THE CLASSROOM."
1170 GOSUB 9850
1200 TEXT : HOME : NORMAL : SPEED. 255: VTAB 4
1210 H1AB 4: PRINT "WHICH OF THE PHRASES BELOW": 1PRINT
1220 HTAB 4: PRINT "BEST COMPLETES THIS STATEMENT:": PRINT
: PRINT
1230 HTAB 1: PRINT "THE MICROCOMPUTER HELPS THE TEACHER
--": PRINT : PRINT
12.40 HTAB 4:'PRINT "A. DO ALL THE TEACHER'S WORX.": PRINT
1250 H1AB 4: PRINT "B. INDIVIDUALIZE INSTRUCTION.": PRINT
1260 HTAB 9: PRINT "TYPE ";: INVERSE : PRINT " A ";: NORMAL

1280 PRIM " N. -": PRINT
1290 HTAB 9: PRINT "THEN PRESS THE RETURN KEY."
130_0 VTAB 16: HTAB 30: INPUT " ";SA$
1310 SA$ . LEFTS (SA$,1)
1320 IF SA$ "A" THEN 2000
1330 IF SA$ "B" THEN 1400
1340 HOME : VTAB 22
1350 HTAB 1: PRINT "" YOU MUST TYPE A OR B. TRY AGAIN.
*An

1360 VTAB 4: GOTO 1210
1400 TEXT : HOME : NORMAL : SPEED. 255: VTAB 5
1410 HTAB 2: PRINT "YOU ARE RIGHT, ";SN$;".": PRINT
1420 HTAB 2: PRINT "THE' MICROCOMPUTER HELPS THE TEACHER":'
PRINT
1438 HTAB 2: PRINT "INDrVIDUALIZE INSTRUCTION.": PRINT :
PRINT
1440 HTAB 5: PRINT "LEARN ALL YOU CAN": PRINT '

1450 ilTAB 5: PRINT "ABOUT MICROCOMPUTERS": PRINT
1460 HTAB 5: PRINT "AND THEN USE THEM EFFECTIVELY": PRINT
1470 HTAB 5: PRINT "WITH HANDICAPPED INDIVIDUALS."
1480 GOTO 9999
2000 TEXT : HOME : NORMAL : SPEED. 80: VTAB 6
2010 HTAB 7: PRINT SN$", YOU CHOSE": PRINT
2020 HTAB 7: PRINT "A. DO ALL THE TEACHER'S WORK.": PRINT :

PRINT
2030 HTAB 8: PRINT "A MICROCOMPUTER WILL ";: INVERSE :

PRINT : PRINT : HTAB 14: PRINT " NOT ";: NORMAL : PRINT :

PRINT
2040 HTAB 8: PRINT "DO ALL THE TEACHER'S WORK.": PRINT :

PRINT

7 4

1 I 1
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FIGURE11 con't.

2050 HTAB 7 : PRINT " IT WI LL H P THE TEACHER" : PR INT

2060 HTAB 7 : PRINT "1NDXVLbjAZE INSTRUCTION ." : PRINT
2070 GOSUB 9050 .

2100 TEXT : HOME : NORMAL : SPEED- 80 : 1/TAB 7

2110 HTAB 5: P.R INT "TYPE " ; : IKPERSE : PR INT " YES
NORMAL
2120 PRINT " OI. " ; : INVERSE : PR AO, " NU, " ; : NORMAL
2130 PR I NT " " ;SNS ; " ." : PRINT : PRI*
2140 111/AB 7: PR INT "MICR(jCOMPUTERS HELP" : PR INT

21,50 HTAB 7 : PRINT "TO IND I VI DUAL IZE INSTRUCTION . " : PR INT :

PR INT

2160 HTAB 5 : PR INT "TYPE " ; : INVERSE : PR I

NWIMAL
2170 PR INT " OR " ; : I NVE:RSE /Si PR INT " NC) " ; : NORMAL

O2180 PHINI " NW. ". PH NT
2190 HT/41 5 : PR INT " THEN. PRESS THE RETURN KEY . "
2200 VTAt 15: HTAg 29 : I NPUT " " ;SAS

2210 SAS LEFTS (SAS , 1)
2220 IF SA$ " Y" THEN 2300
2230 IF SAS. ,. "N" THEN 2400
2240 HOME : SPE ED 255: VTAB 21
2250 HTAB 1 : PRINT " TYPE " ; : INVE RSE : PRINT " Y

NORMAL
2260 PR I NT " FOR YES OR " ; : INVERSE : PR INT " N " ; : NORMAL
2270 PR INT " FOR NO. "
2280 VTAB 7 : GOT() 2110
2300 TEXT : HOME : NORMAL : SPEED- BO: VTAB 7
2 310 HTAB 1 3: PR INT "YOU TY PED " ; : INVERSE : PR INT " YES. " :

NUIIMAL : PR INT : PRINT
2 120 HTAB 1 4 : PR INT "GOOD FOR YOU!" : PR INT : PRINT
2330 HTAB 5 : PR INT "MICROCOMPUTERS HELP" : PR INT

2 340 JITAg 5 : PRINT " I ND IV IDOALIZE INSTRUCTION . " : PR INT :

PR INT
2 30 FOR I = 1 TO 2000: N EXT I

t .

2 360 HT AB 9 : PR INT "GOOD LIR K WITH MICROS ! "
2 370 GoTo 9999
240 0 TEXT : HUME : NORMAL : SPEED= HO: VTAB 4
2410 WIAB 1 3: PRINT " YOU TYPED " ; : INVERSE : PR I NT " NO. " :

NokMAL : PR INT
2415 FFIAB 7 : PRINT "yuu SHOULD HAVE TY PED " ;.: INVERSE :

PRIM' " YES. " : NORMAL : PRINT : PRINT
2420 H16E3 7 : PR INT "MI CROCOMPLI E.3( HELP" : PR INT

2410 HTA,B 7 : PRINT " I ND IV I DUAL IZE INSTRUCTION . " : PR INT :

PRINT 4
24 40 HTAB 7 : PR I NT " MI C ROCOM P UT ERS, CAN HE LP " : PR I NT

24 'A H TAB 7 : PRINT "TEACHERS GIVE " ; : INVERSE : PR INT "

EVE RY " ; : NORMAL : PR INT " STUDENT" : PR INT

2460 HTAB 7; PR INT "WHAT HE OR SHE NEEDS . " : PR INT : PRINT

2470 RJR I - 1 Ty 2000: NEXT I

2480 HTAB 9 : PRINT "GOOD LOCK WI TH MI CRUS ."

2490 G OTC) 9999
9050 REM ADVANCE ON RETURN KEY SUB
9051 PUKE - 16368 , 0: SPEFI). 255

9052 VTAB 24 : HTAB 4
9053 PRI NT "PRESS THE " ; : FLASH : PRINT "

9054 I NVE HSE : PRINT "RETURN " ; : NORMAL
9055 PR INT " TU CONTINUE.
9056 VTAB 24 : HTAB 21: GET SAS
9057 IF SAS < ) CHRS (1 3) THEN 9052
L9058 HOME : PRINT : RETURN
9999 SPEED- 255: END

-J
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concept, in which reteaching occurs if the correct response is not given
on a question frame, no punishment is given for an incorrect response,
and reinforcement is given when the re.sponse is correct. First a small
amount of information is presented. Then the program continues with a
question frame followed by two branches. The wrong answer side again
branches when the concept is retested. Study the educational flowchart
(Figure 10) which indicates the line numbers as well as the frame
numbers.

Notice that the lines numbered 1000-1070 are included in the first
frame in which input is required. The frame numbers within the geo-
metric figures and the line numbers listed next to each frame repre-
sented by a geometric figure should help you as you read through the
computer printout of the program. Also, as you read through the actual
program, you may not be able to understand all of the statements and
commands. Do not be concerned because some explanation about
function remains to be presented. However, before you finiSh reading
this chapter, read through the program (Figure 11) and then refer to it
as you read this section.

The first few lines (100-106) are REM or remark statements. These
do not show on- the screen when the program is run. Lines 1000-1070
program the first frame. Line 1000 merely sets up the screen to display
the information, the speed at which the print appears on the screen, and
the line (VTAB 9) on which the printing is to start. You will notice that this
occurs on the first line statement for every new frame. The HTAB and
numbers that begin each line tell the computer on which space to begin
the line. This convention is like a tab key on a typewriter. The colon is
used to allow more than one statement per line. PRINT (without a
message following it) tells the computer to print a null line which is like
skipping a line. PRINT:PRINT makes the computer skip two lines. The
input statement is located in the statement line 1050although if you
figured out the VTAB and HTAB (vertical and horizontal tabs), you would
note that the answer needs to be typed after the command to type in a
name. The name which is called SN$ tells the computer to accept a
string of letters ($) which we will call SN so we can call it from memory
later Line 1060 describes this variable called spa and instructs the
computer to only accept 12 letters starting from the left side.

When the name is typed in and entered with the RETURN key, the
screen is wiped clean by the first line for the next frame (1100), the
HOME command. A way to remember the HOME command is to think
of going home to start again and wipe the slate clean.

As you read through the lines, you will note GOSUB 9050 in certain
locations, for example line 1170. GOSUB 9050 means to GO to a
SUBroutine or miniprogram starting at line 9050. This subroutine, lines
9050-9058, tells the computer to instruct the program user to PRESS

1 !,..;
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THE RETURN KEY. The RETURN in line 5098 tells the computer to go
back where it left off in the main program.

The FLASH and INVERSE are directions to thd computer to either
flash a letter or word or to put specified letters/words into inverse print
(black on white instead of white on black). The direction to the computer
foltowing either of these two statements is NORMAL which means to
return to normal print.

On occasion, you will also see a semicolon. This symbol is used to tell
the computer not to generate a carriage return and linefeed.

With as much information as is found in this short program, it is

obvious that programming is not difficult to understand. However, it is
elso obvious that it takes time. Although it took a few hours to write and
program this example, it takes only a couple of minutes to.ri.in iteven
when all answers to questions are typed incorrectly. Therefore, many
educators may wish not only to do some programming themselves 13,ut
also to have others, who have the time, da.programming for them.
because of time and money constraints, the purchase of software is
usually a necessityespecially if an educationally effective program
has already been written that meets your specific needs.

-

For Discussion and Application

1 List the frames by nuthber found in "What Micros Can Do"
and print out just-what would be seen on the screen if that
program were run. You may wish to use text forms such as
those found in Figures 7 and 8.

2 'Create a short program on paper, including both the
educational and programming components. If possible, do
this in a small gr oup. If available, test the program on a
microcomputer and correct any errors.

PROGRAM DEVELOPMENT SUPPORT

Some educators are finding ways to extend their programming abilities
and uses for the microcomputet by Joining support groups, and ex-
changing programs through organizations like, SOFTSWAP.

SOFTSWAP is an organization based on a project initiated at San
Jose University. The organization is now located at the San Mateo
County Office of Education. It functions through donations of public
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domain software. SOFTSWAP evaluates and refines programs received
based on their program standards checklist. Then they sell the final
program disks for a nominal fee. In fact, if you donate a program on a
disk to them they will "send you any SOFTSWAP disk of your choice in
return" (Lathrop, 1982, p. 48).

Other swapping of disks frequently occurs between friends, within
user groups, and any other place where disks are available. One word
of caution: Beware of programs where no documentation is available.
Very good programs misused, not designed to meet your goals, or not
designed for your audience, etc., will probably not be educationally
effective for your intended purposes. In fact, they could have a detri-
mental effect. Therefore, if you are doing any swapping, free of charge
or at minimal charge, evaluate the programs thoroughly and obtain
documentation whenever possible.

Starting or joining a support group can be helpful to anyone interested
in computers in education. These groups can extend your technical
expertise by sharing solutions to-problems and bringing updated infor-
mation to the group. They can also be a way to,share programs.

Funding is a concem for most educators. OccasionallY, local philan-
thropic groups and corporations will fund educational institutions or
endeavors if the project will benefit the community or a specififtoup,
such as the blind.

There are other places to look for possible project funding. Several
sources are available for women and minoritiep. Funding sources in-
clude computer organizations, federal agencies, and computer cor-
porations. For example, "The Foundation for the Advancement of
Computer-Aided Instruction (formerly the Apple Education Foundation),
[which] is an independent foundation supported by more than 12 sepa-
rate sources ... [funds] instructidnal materials that promise to advance
computer-aided instruction" (Sokoloff, 1981,41 16). Johns Hopkins Uni-
versity has sponsored a Contest for the development of programs for the
handicapped. Advertisements requesting that proposals for funding be
submitted are occasionally seen in compUter magazines. Sources for
funding are listed at the conclusion of this chapter.

For Discussion

1. Knowing yo'ur own time frame and expertise, how would
you create software or get It developed (i.e., do your own
programming, write the educational component, hire a
programmer, etc.) and where in your community could you
seek assistance and support?

1
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2. Make a list of persons in your community who might be
interested or have shown an interest in creating or joining a
software developinent support group.

SUMMARY

'Chapter 6 has provided information on programming, presenting sim-
plified methods of programming, called authoring systems; through
slightly more complex methods that use a fel commands, called au-
thoring languages: and a method that is a programming language,
called BASIC. At this point the reader should be able to do some pro-
gramming, but, probably more importantly, has obtained basic knowl-
edge on the concept of program development.

In the last section of this chapter, information was provided to assist
the educator in finding support systems, both financial and program-
ming, in order to extend the capabilities of his or her prograMming and
software library.

-This entire book has been developed with the interests of special
education in mind. It was designed to assist the educator in becoming
"computer literate." You now know the basics about what a micro-
computer is, how to develop effective software, and how to do some
elementary programming. You know what some uses are for the micro-
computer in education in general and in special education specifically.
You have the information by which you can evaluate both software and
hardware. You can Makeladucationally and cost-effective decisions
regarding the microcomputer in special educationto assist those indi-
viduals with handicaps to communicate and to live independently.

FUNDING SOURCES

AMP Block Grant Center for Media and Technology, 1101 Connecticut Ave. NW,

Suite 700, Washington DC 20045, Phone: 202-857-1195
Apple Foundation for the Advancement of Computer Aided Instruction, 20525

Marian( Ave., Cupertino CA 95014, Phone: 408-996-1010 (Grants in the form
of equipment for Innovative ideas) \

Artists in Education Program, National Endowment for the Arts, 2401 E St., NW,

Washington DC 20506, Phone: 202-634-6028 (Theme: Arts In education)

Atan Institute for Educational Action Research, 1265 Bornigas Ave., PO Box
427, Sunnyvale CA 94086, Phone: 408-745-2000 (Theme: New uses for
computers in education)

The Carnegie Foundation for the Advancement of Teaching, 1785 Massachu-
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setts Ave., Washington DC 20036. Phone: 202-387-7200 (Theme: Elemen-
.14ry and secondarrequal opportunity education)

Commodore, Bupiness Machines, Inc., Watley Forge Square, 681 Moore Rd.,
King ol Prussia PA.19406, Phone. 215-337-7100

Council of Foundations, Inc., 1828 L St., NW, Washington DC 20036 (Provides
direction for funding sources)

DPMA-EF Fellowships, William Mitchell, UniveFsity of Evansville, PO Box 329,
Evansville IN 47702 (Grants to universdies to retain faculty)

Educational Funding News, 752 National Press Building, 529 14th St., NW,
Washington DC 20045

The Edward E. Ford Foundation, Manufacturers Hanover Trust company, L.
Hlavacek, Executive Director, 600 5th Ave., New York NY 10020, Phone:
609-921-1126 (Theme: Indeperident secondary school education)

The Ford Foundation, Howa;O R. Dressner, Secretary, 320 E. 43rd 'St., New
York NY 10017, Phone: 212-573-5000 (Theme: Elementary and secondary
education, especially roles of minOrities, women, and parents in education)

The Foundation for the Advancement of Computer-Aided Instruction, 20863
Stevens Creek Blvd., Cupertino CA 95014

Aft*. Fund for the Improvenlent of Post Secondary Education (FIPSE), Dr. Arturo
Madnde, FOB #6, Room 3123, 400 MaryJand Ave., SW, Washington DC
20202

Or

Brian Stacey. FOB #6, Room 2167,-400 Maryland Ave., SW, Washington DC
420202 (Theme: Indian education)

Or

7th & D Sts SW, Rm. 3100, Washington DC 20202
Hollins College: `', Barbara kurshan, Holhns VA 24020 (List of sources for

women and minorities in education)
The Howard W. Hazen Foundation, 400 Prospect St , New Haven CT 06511,

Phone 203-865-4121
Inmac Plus Sweepstakes, 2465 Augustine Qr., Santa Clara CA 95051 (Theme:

prizes for winning disk programs)
Interactive Sciences, Inc.. Tom Sidebottom, Public Relations, 1010 Harriet St.,

Palo Alto CA 94301, Phone: 415-855-8259
National Diffusion Network Division, U.S. Department of Education, Rm 802,

Riviere Bldg , 1832 M St., NW, Washington DC 20030, Phone 202-653-7000
National Endowment for the Humanities, Public Affairs Office, 806 15th St., NW,

Was4ipgton DC 20506, Phone: 202-724-0256 *(Theme: Arts in education)
National Science Foundation, Development in Science Education, 1800 G St.,

NW, Washington DC 20550, Phone 202-282-7910 (Theme- Research,
matching. funds)

Tandy TRS-80 Educational Grants Program, Radio Shack Education Division
400, 400 Tandy Atrium, Fort Worth TX 76102 (Theme: Potential benefit to
eduCation)
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Texas Instruments, Jim Dugan, Educational Marketing Speciahst, M/S5876, PO
Box 10508, Lubbock TX 79408 (Theme: Computer usage in the classroom)

Topics Computer Education for Elementary and Secondary Schools, Associ-
ation for Corn uting Machinery, 1133 Avenue of the Americas, New York NY

10036 (ACM r No. 812810, 1981)
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