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Educational Computer
Networks:
An Overview

Charles E. Crume and Cleborne D. Maddux

Many professions, including education, seem exces-
sively fashion-driven, [n such a climate, productive
debate and discussion is sometimes displaced by
the establishment and uncritical use of buzzwords.
(Webster’'s New Caflegiate Dictionary defines
“buzzword’ as “An important-sounding, usually
technical word or phrase, often of little meaning,
usecd chicfly to impress laymen.”) One of the
newest educational buzzwords is Nertworking,
and vendors and users alike are waxing eloguent
about the educational benefits of this new trend.
As with most buzzwords, a precise definition of
networking has never been agreed upon. Therefore,
when the term is encountered, one is never sure
exactly what the user is referring ta (McCredie and
Timlake, 1983). The following, for example, are ali
networks: (a) several microcomputers connected to
a single printer or disk drive via a switch box; (b} a
mainframe computer in one city connected with
another mainframe computer in another city; (¢} a
mainframe computer connected to terminals located
in field offices in different cities; (d) several minj-
computers connected to a LAN (local area net-
work}; and (e) several microcomputers connected
te a file server. These examples differ considerably,
both in the technology and topology used, yet
they merely scratch the surface of current network
possibilities. (Sullivan, Lewis, and Caook, 1988,
define metwork topology as the interconnection
putterrr of Lthe devices included in the network.)
Despite the vagueness of the term, networking
appears to be increasing in popularity. Apple Com-
puter claims they have installed over 20,000 Apple-
Talk networks in schools (McCarthy, 1988). The
market research company International Data Cor-
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poration (IDC), estimates that over 35,000 LANs
have been installed in educational settings. Officials
at IBM suggest that in the next few years, network-
ing will be responsible for bringing down the stu-
dent to computer ratio from the present one for 30
to one for five {McCarthy, 1988).

In order to provide a broad perspective of com-
puter networking, this article will review both uni-
versity and public schonl applications spanning the
decade of 1978 to 1988. (li should be pointed out
that published information on university network-
ing is far more common than information on pub-
lic school applications ol networking.) In addition,
we will also discuss some of the pros and cons of
networking in educational environments. Recom-
mendations of educators who have experience with
networking will also be reviewed.

The following discussion reviews educational
networking in three functional categories, although
some overlap does occur. The three categories are:
(a) networks for sharing peripheral equipment, (b)
networks for exchanging information; and (c) net-
works for addressing instructional needs. These
categories also follow a rough chronology, although
again, some overlap occurs. Category A was typical
of networking from about 1978 to 1985, category
B from 1983 to 1987; and category C from 1985
to the present. Specific schools are often highlight-
ed, not because they were the only institutions
electing to implement networks, but because their
motivations and implementations were represen-
tative of educational networking efforts of the day.

Netwaorks for Sharing Peripheral Equipment

In the late seventies, The University of Missouri-
Rolla departed from the mainframe tradition by
teaching an assembly language computer science
course on an IMSAl 808A microcomputer. Magel
and Hamblen (1979) listed the following four rea-
sons for using a microcomputer: ‘‘(a) it is physical-
ly small, (b) it does not requirc a special environ-
ment such as air conditioning, {c) it is relatively
simple compared to most larger computers, and (d)
it is relatively inexpensive” {p. 120).

Magel and Hamblen {1979) ariginally taught the
course using a single microcomputer, but as enroll-
ment increased they realized the need for addition-
al machines. At the time, microcomputers were
priced at about $1500.00 each and the printers
needed to provide hard copy output cost between
$1000.00 and $2000.00 each. The expense involv-
ed in purchasing separate printers would have
doubled the cost of each workstation. Magel and
Hamblen concluded that the solution to this
financial dilemma would be networking, They
decided to tink ten IMSAI microcomputers via a
standard RS-232 interface, to an eleventh machine
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that would provide buffers and control a single
printer. This type of networking made the system
economically feasible.

Charp (1982) reported the same microcomput-
ing advantages as those listed above and added that
microcomputers also provide access to increased
capabilities such as graphics and color. She asserted
that the popularity of networking was growing and
was most often used to facilitate the sharing of
storage devices, printers, and plotiers.,

Another peripheral sharing network in higher
education was implemented at Lehman College of
the City University of New York {CUNY). By late
1985, Lehman College had a hodgepodge of ter-
minals and microcomputers including IBM PCs,
PC Jrs, Apple lls, and Apple Macintoshes. Each
machine had a separate set of disks for the operat-
ing system, word processing, spreadsheet, database,
and special software packages provided by faculty.
The task of checking in and out and maintaining a
collection of over a thousand diskettes was diffi-
cult and timc-consuming. While studying the capa-
bilities a network should include, Lehman officials
concluded that existing business networks might
not meet their needs. During the ensuing year, a
list of specifications was developed. When funding
became available, a system was installed including a
network file server. This eliminated the need for a
vast number of diskettes and also allowed the shar-
ing of peripheral devices such as hard disks, letter
quality printers, and hard-copy graphics devices.

One of the earliest attempts at establishing a
large networking scheme in a public school district
took place in 1984. The Indianapolis Public School
District (IPSD} embarked on a three-year, three-
phase, $10 million project aimed at bringing com-
puter literacy to every student in K-12 (Adams,
1984). Clusters of 30 IBM PC microcomputers, one
IBM XT microcomputer emulating a file server,
and three printers were connected to a Local Area
Network (LAN). Each cluster was located in a sep-
arate classroom lab. The network allowed the IPSD
to share expensive peripheral devices such as hard
disks and printers.

District officials estimated that this sharing re-
sulted in a savings of approximately 20% over non-
networked computers. The district also saved
money by purchasing a site license for software
such as Borland’s Turbo Pascal, a computer language
used in instruction. The $785.00 fee for a site
license was far less than the $29 500 that would
have been required to purchase a separate copy of
the software for every microcomputer on the net-
work (approximately 600 machines at $50.00 per
copy). Roberts and Ruby (1983) also suggested
that nctworks could be of special benefit to small
schools by allowing them to purchase software
they could not otherwise afford.
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The IPSD networking scheme, in keeping with
other instructional networking schemes of the day,
resulted in substantial financial savings. There were
other important considerations, however. IPSD of-
ficials stated that the primary motivation to net-
work was the system’s computer-assisted instruc-
tion {CAl) and computer-managed instruction
{CMI) capabilities. For example, one application
uploaded each student’s daily math progress to the
file server. The network software also provided for
file and record focking, an important feature need-
ed to ensure the integrity of shared files.

Networks for Exchanging Information

Networks in this category allow individuals to
access information and services via a terminal, a
telephone, and a modem. This category is domin-
ated by the emergence of nationwide information
networks, which continue to grow in number and
popularity.

Several of the earliest and most popular of these
information networks were The DIALOG Informa-
tion Retrieval Service of Lockheed Missiles and
Space Company, Inc., The Source, CompuServe,
and Delphi. The DIALOG network consisted of
databases covering such diverse areas as “business,
education, current affairs, social sciences, law,
medicine, the arts, and humanities” {Roberts and
Ruby, 1983, p. 173). The Source and CompuServe
were general purpose information networks that
are still in existance today. They became popular
because users were able to make airline, hotel, and
automobile reservations, access a user bulletin
board, apply for various jobs, and use an electronic
mail service to communicate with other subscrib-
ers (Willis, 1987). Delphi was a less well-known and
less expensive service aimed specifically at educa-
tors. Among other services, Delphi provided the
ability to take part in teleconferences.

Another early information network intended for
educators was The Personal Computing Network ot
Menlo Park, California. This network included a
computerized bullctin board that allowed schools
to post announcements of various types.

Higher education also became involved in net-
working and various networks, some discipline
specific, were established. McCredie and Timlake
{1983} listed the following networks used by high-
er education: (a) ARPAnet (Advanced Research
Project Agency, of the US Department of Defense,
now known as DARPA); (b) CSNET {Computer
Science Network), (¢) EDUNET (Education Net-
work), (d) BITNET (Because It's Time Network);
(e) USENET (for UNIX users), (f) COGNET (a
network for cognitive scientists); and (g) NSENET
(National Science Foundation Network). Typical
reasons for creating each of these networks includ-
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ed facilitating communication with peers and pro-
viding access to resources.

As networking continued to grow in popularity,
problems began to appear, McCredie and Timlake
{1983) mention two major concerns: (a) the un-
planned, uncontroled, and chaotic growth of net-
works, and (b] the establishment of a number of
incompatible ‘‘standards.”

With regard to the first of these concerns, Mc-
Credie and Timlake (1983) lamented the fact that
“Other academic networks are springing up with al-
most no formal planning and/or budget because a
particular technology exists and individuals want
to usc it to communicate” (p. 5). These authors
suggested that incompatible standards were a prob-
lem because they prohibited users of one network
from communicating directly with users of another
network.

Networks for Addressing Instructional Needs

As networks became more powerful and sophis-
ticated, instructors of specific disciplines began to
experiment with networking for the teaching of in-
dividual courses. Moarrison {1985) discussed the
flexibility of using a computer network as a re-
source in developing programs for economics edu-
cation. He described a modified database at the
University of Delaware that contained over 75 les-
sons in business, economics, and consumer educa-
tion. The network allowed individuals at home,
senior centers, public libraries, and other locations
to access accurate and timely information.

Herrmann and Herrmann (1986) presented a
paper on the use of computer networks for teach-
ing writing courses in college. They mentioned that
memory limitations of early microcomputers pre-
vented applications such as word processing with
integrated spelling and style checkers. These authors
stated that networks provide new options in the
writing environment. They predicted that students
should soon be able to gather data for a paper, col-
laborate with classmates and the instructor on
ideas, compose arough draft, send it out for review,
accept comments, check grammar and spelling, re-
vise the final copy, and send the final draft to the
teacher, all via networked computers (Herrmann
and Herrmann, 1987).

These authors went on to assert that afthough
the above scenario is technically feasible with cur-
rent hardware, specialized software needs to be
developed before this can take place. They also
pointed out that for networks to serve the educa-
tional community, both local area networks (LLANs)
and wide area networks (WANs) would be needed.
LANs provide the ability to share data and ideas
within a classroom or school system. WANs pro-
vide the ability to gather needed data from remote
databases and onlinc librarics.
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Thompson (1987} described a network using
specialized software to accomplish an instructional
end. She discussed her use of a LAN to create a
classroom community where writing is learned pri-
marily by writing. Thompson’s article is notewor-
thy since it emphasizes pedagogical concerns and
deemphasizes technical details. In fact, the type of
microcomputers used, the availability of printers
and hard disks, and the LAN configuration itself
(except for a brief note about Fox's TO-NET) are
never mentioned.

Thompson uses a software package called CT
Classrooms in Writing Centers developed by Com-
puTeach, a Washington DC-based consulting firm.
This software, originally designed to teach hearing
impaired students, uses the ENFI {English Natural
Form Instruction) method for teaching composi-
tion. The software divides each student’s screen
into two windows One window, which is private,
is used for composing. The other, which is public,
is used for displaying transmitted messages. The
master station, controlled by the teacher, can dis-
play a student’s text on any or all other screens on
the network, Thompson (1987) suggested that
“One of the big advantages of the CT System |11 is
that | can keep the students on task, insisting that
they revise the text while § key in changes’ {p. 96).

Summary and Discussion

Early networks were systems designed primarily
to share expensive peripheral equipment (hard
disks, printers, and plotters) and software. One ex-
ception may have been the network implemented
in the Indianapolis Public School District. IPSD
officials may have been a bit ahead of their time in
recognizing the instructional benefits of network-
ing. However, the system might not have been im-
plemented had it ot resulted in substantial finan-
cial savings on hardware and software.

Hardware and software sharing is still one of the
big motivations for networking. However, compati-
bility remains a major preblem. Today, there are 2
multitude ot vendors whose hardware is often in-
compatible. Sholtys (1988) refers to this problem:

Unfortunately, this ideal computer network simply

doesn’t exist. In stark contrast to voice communica-

tions, where equipment made by one manufacturer
can communicate with equipment trom any other,
different computers made by the same company
often have trouble communicating with each other.

?ﬂuit;-vendor eguipment compounds the problem.

p. 4
Archer {1986} endorses this view in a discussion of
the Open Systems Interconnect (O5/) model for
L ANs:

The lack of a complete set of official standards for all

the layers is the reason that network components

fram on¢ vendor may not work with components
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from another vendor, even though both are, for ex-

ample, “Ethernet compatible.”’ Since both are design-

ed four Ethernet, it is very unlikely that either “will go

up in smoke”” when connected to the same Ethernet

cable, but there is no guarantee that ene vendor’s
workstation will work with another vendor’s print

server. (p. 10}

As networks became more sophisticated, they
evolved into tools for disseminating information.
tnformation networks, with their online databases
and libraries, allowed individuals to access informa-
tion with their microcomputers. The networks
used in higher education allowed researchers to
share their findings.

It has becn said that there is no such thing as a
free lunch. As networking proliferated, it became
more accessible but more complex. Various prob-
lems surfaced McCredie and Timlake (1983) list a
number of difficulties, including data security,
fibet, software copyright and licensing, control, and
continued funding of networks. Mandel] and Man-
deil {1989) emphasized a variety of privacy prob-
lems:

Some people have misused bulletin boards by placing
notices about access codes 1o corporate computers,
describing instrugtions for building weapons, pousting
information about crimes or illicit sex, and inserting
programs that destroy the user’s software. (p. 251)
A recent example was widely covered in the news
media, and dealt with a ‘‘computer virus” placed
on a national network. This virus (aspecial, destruc-
tive program which itself contained an inadvertent
flaw) caused the disruption of several thousand
computers that were connected to the network,

Eltoft {1989) addressed problems associated
with installation and management:

There are serious problems that can crop up with the

introducticn of a network layered on top of a single

user PC such as network congestion, accessibility,
reliability, security, and the most often unforeseen

giant - manageability. {(p. 22}

These problems can be especially acute in edu-
cational scttings. One of the current authors man-
ages three PC labs at a university, one of which is
networked. In this lab, efficient management pro-
cedures have been difficult to establish and time-
consuming to maintain. Examples of problems that
have been deall with include excessive time reguir-
ed to create and delete individual student accounts;
preventing student theft of copyrighted software,
coping with down time required for maintenance
and operating system upgrades; and controlling,
protecting, maintaining, and explaining various jev-
els of access to the file server.

As networking continued to become more and
more common, and despite increasing problems
such as those discussed above, individual instruc-
tors began to see how networks could be used to
help teach specific courses.
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This trend has continued, even though a host of
new problems are gaining increasing attention. In
recognition of these problems, a number of articles
have been published dealing with deciding whether
a network is appropriate, how to choose a network,
protecting network security, providing for main-
tenance, and the need for prudent and continuous
network management.

Henderson and Maddux {1988) provide recom-
mendations for public school officials who, despite
potential problems, decide to implement network-
ing. Their recommendations are particularly appli-
cable in situations in which schools contract with
one of the companies that specialize in providing
everything needed for an educational network: {a)
since networking firms offer a limited choice of
software, preview the software to ensure that it
will meet the needs of the district; (b) review the
network management software with an eye to un-
derlying theoretical and philosophical principles;
{c) equip each computer with at least one floppy
disk drive so that new software can be used and so
that hard drive failure will not put the entire sys-
tem out of business, (d) be sure the contract estab-
Iishes the responsibility of the networking firm for
maintenance of both software and hardware; (e) in-
clude a provision of “loaners” when district hard-
ware breaks down and establish a maximum time
period for repair or replacement; (f) protect the
hard disk from accidental erasure by requiring the
installation of a security system, and do not ailow
students to save files on the hard disk; (g) include
inservice training in the contract, and be sure that
several people receive this training.

What can we conclude about networking? Net-
works often provide substantial benefits, including
important savings in hardware and software costs.
They can make otherwise inaccessibic information
available to anyone with a computer and a modem.
They can streamline instructional design and data
management in specific courses. However, poten-
tial advantages must be weighed against incvitable
related problems. Then, too, unless there is consid-
erable planning and foresight, the associated prob-
lems may be overwhelming.

It can be difficult to obtain good advice con-
cerning networking, since vendors and other ad-
vocates are prone to engage in considerable hype.
For example, Roberts and Ruby (1983) listed
some rosy future possibilities for networks:

1. A business teacher may dial a university
database somewhere in this country and in
a few minutes get a list of colleges that fill
a particular high school graduate’s needs.

2. A teacher will be able to attend seminars
by traveling no further than the nearest
computer.

29



http://www.pdfmailer.com
http://www.pdfmailer.com

Foeg

__ PDFMAILER.COM

Print and send PDF files as Emails with any application, ad-sponsored and
free of charge www.pdfmailer.com

3. Students will be able to compete in events,
such as those FBLAJOEA sponsor with
other students throughout the country and
never leave their building.

4. Microcomputers will become an excellent
means to help students to maintain stan-
dards. Databases in almost cvery area will
be at the end of their telephone.

5. The computer terminal will aiso become an
important tool for all students.

6. Teachers will be able to connect onc class-
room with another classroom across the
nation.

7. Networks will provide an outlet for any
group that may have ideas to share with
another group across the country,

8. Networks will put libraries at the fingertips
of students all over the country.

9. With the price increases in books today, the
day may come when such material will be
too costly to print. The network could fill
this void.

10. Networks will bring the outside world to the
handicapped student who is unable to leave
hisfher home. {p. 174)

These predictions were made over six years ago - a
relatively long time in the fast-changing field of
computing. Unfortunately, however, only a few of
these possibilities have been even partially imple-
mented,

Network hardware is becoming increasingly
powerful and the software more robust. The result
is a2 tool with almost unlimited capabilities. Inevi-
tably, however, increased power leads to increased
complexity, and increased possibility for abuse. Be-
cause of the problems discussed in this article, net-
working is far from living up to its considerable
potential.

Networking can be useful, but it is not for every-
one. Eltoft (1989) sums up the state of the art in
networking when he warns that “The unfortunate
truth is that having a network is not always better
than not having one’” (p. 22). For those consider-
ing networking, the phrase “caveat emptor’” may
be the most appropriate and useful advice. O

References

Adams, ]. A. Networked Computers Promate Computer
Literacy and Computer-Assisted Instruction. THE four-
nal, 1984, 77 (8), 95-99.

Archer, R. The Fractical Guide to Local Area Networks,
Berkeley, CA: Osborne McGraw-Hill, 1986.

Charp, 8. Trends: Time-Sharing, Microcomputers, Network-
ing. THE fournal, 1982, 710(2), 82-83, 99.

Eitoft, D. Specification of Computer Sysiems by Objec-
tives. Academic Computing, 1989, 3 (6), 20-23, 48-51.

30

Henderson, A. K., and Maddux, C. D. Problems and Pitfalls
of Computer Networking in Educational Settings. Edu-
eational Technology, 1988, 28 (9, 29-32.

Herrmann, A. W., and Herrmann, ). Networking Micro-
computers in the Writing Center: Alternative Pedagogical
Applications to Using Stand-Alones. Paper presented at
the Winter Workshop of the Conference on College Com-
position and Communication, Clearwater Beach, FL,
1986.

Lathroum, R. W., and Chown, D. M. Queen Anne’s QACIN:
A Successful Experiment in Educational Networking.
THE fournal, IBM PCs and Compatibles, Special Issue,
1988, 55-61.

Magel, K. 1., and Hamblen, J. W. Microcomputer Networks
for Introductory Computer Science. AEDS Journal,
1979, 713 (1}, 119-126.

Mandell, C. }., and Mandell, S. L. Computers in Education
Today. St. Paul, MN: West Publishing Company, 1989.
McCarthy, R. The Network Story: What's Available/How
They're Used. Electronic iearning, 1988, 7 (4), 24-30,

62.

McCredie, |. W., and Timlake, W. P. Evolving Computer
Networks in American Higher Education. EDUCOM Bul-
letin, Summer 1983, 5-10, 15.

Middieton, §. A. Improving Micro-Based Instruction with a
LAN, Cause/Effect, 1987, 10 (5}, 34-39.

Morrison, ]. L. A Resource Sharing Computer-Base Net-
work [ur Economic Education. fournu! of Business Edu-
cation, 1985, 60 (6), 221-225.

Roberts, D. R., and Ruby, R. Computer Networks Have a
Futurc in Business Education. fournal of Business Edu-
cation, 1983, 58 (3), 173-174.

Sholtys, P. A. Implications of Choosing a2 Computer Net-
work Strategy. Cause/Effect, 1988, 77 (1), 45.

Sullivan, D. R., Lewis, T. G., and Cook, C. R. Computing
loday: Microcomputer Concepts and Applications (2nd
ed.). Boston, MA: Houghton Mifflin Company, 1988.

Thompson, D. P. Teaching Writing on a Local Area Net-
work. THE fournal, 1987, 75 (3), 92-97.

Willis, |. W. Educational Computing: A Guide to Practical
Applications. Scottsdale, AZ: Gorsuch Scarisbrick,
1987.

Two New Ed Tech Anthologies

Volumes 2 and 3 of the Educational Technology Anthology
Series will be available soon fiom Educational Technology Puli-
cations, 720 Palisade Avenue, Englewgod Cliffs, New Jersey 07632;
1201) 8714007 ; Fax: {201) 871-4009.

Vnlume 2 j¢ titled Fxpert Systems and Inteifigent Comput-
er-Aided [nstruction. |t contains 31 articles published in recent is-
sues of this magazine, divided into the fellowing sections: Intro-
duction to Expert Systems; A Variety of Applications in Education
and Training, Expert Systems and Instructional Design and Develop-
ment; introduction to intelligent CAl; Aspects of Intelligent CAIL;
and Perspective and Critique. $27,95,

Volume 3 is titled Telecommunications tor Learning. 1t contains
40 articles from recent jssues of this magazine, divided into the fol-
lowing sections: Focus and Seiting; A Variety of Applications of
Tclecommunications for Learning; and Perspectives on  Educa-
tional Telecommunications. $27.95.
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