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" Infroduction

Considering the amount of talking and writing on the topic of

" local area networks (LANs) for microcomputers, it is not surpris"ing

that some: vendor public relations personnel have declared 1985 to be
"the year of the LAN." [1]  Well over 150 LAN vendors have entered
the market, according to.some surveys, amidst prohises of a |
mic"rocomputer data communications Nirvana. What is surprising is that

only a handful ot these LAN vendors have installed their systems in

., any significant numbers, and fewer systems still have been installed

in schools.

56 why all this frenétic effort by so many companies to sell a
product that so far has attracted so few customers? Two reasons serve
to provide at least a partial explanation for this seehing madness.

First, the number of microcomputers i.nstalled in homes,
businesses, and educational institutions is expected Eo exceed 15,5

{2
million by the end of 1987, nearly quadrupling the 1983 installed
base.[2] Second, as the microcomputer becomes more common in the

office, clessroom, and laboratory, user interest in sharing

information, software, and peripherals will increase.

3




Mlcrocomputers have allowed users to break the computmg apron
strmgs with the mamframe or minicomputer. Ncw many wan_t to connect
with other microcomputers and also to reconnect with mainframes and , e
minis. One means for accomplishing this connection--physically at
least--is suppl'ied~by the local area network.|[3]

But what about schools? 1s there a LAN in their future?
According to a recént survey published by the Center for Social
Organization of Schools, as of January 198} .appro;cimately 1 percent. of .
this country's ’elementary schools and 40 percent of i}s secondary
schools had five or more micr-ocomputers., nearly double the number of
schools reporting at feast five microcomputers six months earlier. (4]

So as‘ t"hé base of mic'rocomputers expands, the potential application
for LANs will expahd as well. Thus more and more school districts can
be expected to begm explormg the possibility of acquiring a LAN to

£l

enhance both their admlmstratwe and instructional :afforts.

But as a commercial offering, LANs are still in their
infancy--more a concept _thanla product, (5] " more questions than
answers. This paper will attempt to provide -some answers to several
questions: What are LANs? What are the basic elements of their
technology?  What are their typical hardware and software components?
What are some of their instructional and management applications in
schools? What are the current limitations on their use? What should
schools do about LANs now?

Finally, it should be clear.ly understood that what is here said

about- LANS is merely a "snapshot” of a highly complex, rapidly

evolving technology. Within a year after the completior: of this paper

.
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(end of February 1985), leading cofnputar clompanies: such as Apple, Co v
Hewlett-Packard, and lBM will have new off\'ice LANs available for B
purchase from retail computer stores, estabhshed LAN vendors will - :
have released new hardware anhancaments such as gateways to aqther
netv’vorks or faster aad more versatile ne;work servers, popular

software companies such as Microsoft, Lotus, and Ashton-Tate will have

announced or released LAN compatible products, and on and on and on.

Q




Local -+
Area

NEetworks _ -
Defined

k4
R

_ There are several definitions of -a LAN--some quite technical,
. _ . .

othérs oriented toward the strengths of a particular network design.
The definition used in this paper, a composite of two previously

written definitions. [5,6] plus some original additions, emphasizes

__localized data communication links between microcomputers in an

office, classroom, or building. A LAN, then, is a privately
owned (not FCC regulated), user-managed, commercially available wire
or cable-based communication system composed of both physical and

logical parts, capable of connecting multivendor devices (computers,

printers, graphic plotters) at high speed in an-office, classroom, or

building.

This definition is intended to deal with the multivendor nature :
« A

of microcomputers in elementary and secondary schools, as well’as

t

»limit the scope of this chapter. That is to say, this paper will not

¢

deal wikth LANs that only connect TRS 80s together or Acorns together,
no matter how fast or how well supported or how reliable they are, -

because most schools in this country have acquired microcomputers from

12




several different ver'\dors--Apple'_, Radio Shack, Commodare, Atéri,
Ac_qrn, and IBM. So for LANs to have any practical value in schools
they must be able to fully connect microcomputers from more than one
veﬁdor. |

This definition and, therefore, this paper focus on office and
classroom LANs and thus exclude broadband networks that prolvlde data,
voice, and video communication links between buildings over distances
of up to thirty-five miles. |

Although the technology of broadband LANSs fot; lntrabuilding use‘.
does not differ from that involved ir: linking buildings together,
implementation df such a large system by most schoo!l districts
generally involves a significant investment by the local CATV company
or the availability of access to metropolitan opticél fiber cable
installed by AT&T br a regional telephone comp?;\;/. .

This definition also excludes wide area (déﬁ;oﬁal and
international) value-added nhetworks like Tymﬁet and Telenet that

provide, among other things, local data communication links to such

national information utilities as The Source and CompuServe.




Overview
Oof [AN
Technology

A thorough knowledge of the architecture and design of LANS is
not essential to understand their use or even to purchase and install
some of t;he' less corhplex ones. Nevertheless, knowledge of at |east
some of the basic elements of LAN technology is useful in comparing
;he performance, features, and applications of some of the more
poptilar office and. classroom LANS os the market -today. A basic
understanding of the operation of all LANs can be gained by knowing
four elements: the media, the topo‘lsgy, the method of char;nel sccess,
and the bandwidth. [t s'hould be noted, however, tha.t while these four
elements of LAN technology will be discussed separately, they .a're in
practice closely interrelated. Technical jargon will be kept to a
minimum. A selected list of recent books on local area networks is
provided .for those who want to learn more about such things as network

a2

archit.cture, multiplexing, and communications standards.|7]
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| Media

Medium rgfers to ‘he physical 'connectlon between two or more
devices over which information is transmitted. The three most common
media used with LANs are twisted pair wire, coaxial cable, and optical
fiber. Twiéted-pair.are two copper wires that are wrapped
together and twisted to reduce external interference. . It ig the
medium used by teiephone companies for voice transmission and is
therefore the moét widely installed transmission medium in buildings
today. Twisted-pair can al‘ao.,support data transmission either alone
or in conjunction with voice tranémission.

Local area networks uai'ngl twisted-pair wire generally support no
more than 64 dévices. The medium is limited to transmission distances
of up to 4,00C.feet with repeaters and to tr‘ansrﬁissicm ‘speeds of ho '
more tha“t two million bits per second. At present, this medium is

less expensive than coaxial cable and ‘optical fiber and, therefore, is

frequently selected by cost-conscious schqola and other local units of

government regardiess of other performance criteria.

The second most common transmission medium is coexial cable.

Coaxial cable is composed of two conductors, with one in the middle

and the other one surrounding it to form-a protective shleld. This
medium is commonly used by CATV companies to transmit video signals to.
televisions in homes throughout a community. While more ekpenslve

than twlisted-pair wire, It can support as many as 1,000 devices over
transmission distance of up to 10 kilometers at transmission speeds of

up to 10 million bits per second.

Optical tiber is essentially spun glass that transmits

.7- 15




information on a team of high-intensity light currently provided by a

laser. Although sé_veral times more expensive.than coaxial cable, it

) can support several thousand devices at transmission speeds of nearly _
-2 billion bits per second over distances of up to 20 kilometers.

Furthermore, optical fiber cable is very difficult to tap without .

detection so it has extremely high transmission security. It also can
withstand tempefatures of up to 2,500 degrees centigrade, so it-is
virtually immune to lightning and to most building Vflrea. Most LANs
now using opincal fiber are essentially designed to link to heavy-load, |
long-distance, large-computer interface m_:ttwork's- where the higher cost
of optical fiber can be justifieds As demand for optical fiber cable
escalates, supply will increase .and price féll. But it is unlikely |

that optical fiber will replace twisted-pair or coaxial cable for LANB "
used to interconnect microcomputers for adﬁinlstrative or

instructional applications in schools before the end of the decade.

Topology

The next basic element 6f network technology is the physical
shape or configuration of the network. The technical térm for this
element is topology. The three most common topologies for LANs |
are star, bus, and ring. The oldest network topology is the
star, which was the layout for all 'of thé early timeshare
computer systems. The terminals in these systems were linked
point-to-point by twisted-pair wire (generally existing telephone
lines) to a central computer that controlled, either through switching

or a port selection process, the data transmission traffic for the




entire network, This is still the most common topology for school
district computer services where terminals--placed in various
locatijc;na 'throughout' the district--are all linked to a central
mainframe or mini-computer. The major problem with tr.wlis topology is
that if the central computer fails, the ent”ire network fails, While
the microcomputer has repl_aced the terminal in many school districts
today, the problem of central computer failure with this network
topology. has not ghaﬁged. For that reason, mosi intrabuilding LANS
interconnecting microcomputers do not use this topology.

Far and away the most common topélogy for intrabuilding LANs is
the bus. The bus topology is a single wire or cable linking all -
the microcomputers or other devicaes together in an office,- labératot‘y,

or building environment. Each device shares a single physical

transmission medium th.rough the use of téps or connect'ors, thus making
it fairly easy to add or remove devices. . "

The bus topology is also less suscep“tible to system-breakddwns:'
If each device on the network: has its own intelligence (such as a
microcomputer) and if the medium is broken in the middle, those
intelligent devices above the break can continue to communicate with
each other and those below t;we break cah communicate, .but of course
the devices on either side ¢f the break could nd longer communicate.

Furthermora, if each intelligent device is sharing network control

- functions, che failure of one such device does not cause the entire
network to fail. How all the devices can share a single physical

transmission medium without problems will be explained in the sgection

on channel access.




The other common topology used"with‘ networks, though currently

far less popular with intrabuilding LANs, is .—the ring. With the
ring topploéy,each device is physically connected with wire or cable
to another device point-to-point to form an unbroken ring. The
configuration is set up so that infor_mation units, called |
packets, t\.ransmitted-from device A to device B anywhere on the
" network evéntually return to device A. Since operation of é ring LAN
- depends on each device passing p'ackets around the ring from sender to
receiver and then back to sender, the failure of any device-generally
causes the entire network' to fail. So, too, does a break in the.
r_netwo\rk medium. Networks eliminating both problems, however, are
now commedrcially avai.luabl_e, Hut they are quite' expensive.
.
Channel Accesé Methods

Since LANs usually cénnect several devices using a single medium
with one or more communications channels, some method c_>f channel
access and co‘ntrol' must be used to _ensure'reasonabl'y qultable,
uninterrupted, and errdr free'tran’smission between those devic;as.
Most LANS use one of two different methods, or protocols as they
are frequently referred to in data communicationg jargon; to allow
multiple devices on the network to access the same tranarﬁission
channel. One'me-t'hod is called contqntlon. The most common
contention technique for intrabuilding LANs is Carrier Sense M(Jl_tiple
Aécess with Collision Detection {(CSMA/CD). The other method is called
polling.  There are in type of polling techniques:

centralized polling and distributed polling. [8] The most



common polling method for intrabuilding LANs is token passing, a
distributed polling techhlque.

The contention technique known as Carrler Sense Multiple
‘Access with Colllslon Detection (CSMA/CD) is a "listen before |
talking" method 6f channel access. Basically it works like this in
the case of 'a microcomputer LAN: All the microcomputers (called |
devices) actively connected to the network "listen" to "sense" if
there are any messages in the ‘orm of small information: units, called
packefs, being transmitted. Hearing none, device A, for example, then
sends a message to device B. | If at the same inataﬁt device C sends a
message to device D, A's and C's messages will collide, since both
~ Messages must. use the same transmission channel, thus causing them to
be garbled. But when the sending devices (A and C) detect the
collision, they simultaneously stop their transmissions, baus_e
briefly, and then retransmit their messages at staggered intervals to
avoid another collisio_n. - of course, these messages are being
trénsmitted at very high speeds so the carrier sensing, "messa‘ge
transmission, and collision detection sequence occurs almost
instantaneously. |

The contention method of channel access is claimed by its
proponents to be particularly effective with LANg carrying "bursty"
data transmission‘: traffic, that is, sporadic, low volume data
transmission- of the kind associated with office or classroom
microcomputer applications such as word processing, computer assisted
instruction, and el.ectroni‘c messaging. With thi.a kind of network

application, contention theoretlcally' gives every device on the




network a more or less equal chance to use the transmission channel.
~ The polling method of channel access includes "techniques [to}

determine the ordar in whieh nodes [devices] can take turns accessing

%
o .

the network, specifically so that direct confl.ict (i.e., access

collisions) between nodes [devices| is avoided." [8, p. 52] With

centralized po]ling, access to the network is controlled by a central

in'tlelligence. Distributed polling, on the 'other hand,. allocates

control of aéCess to the devices themselves. Several methods of

channel access are associated with distributed polling, but the one
~ most commonly used with intrabuilding LANs is token passing.

With token passing, accéss to the network is achieved when a
dévice seizes an electronic token, signaling to the othér devices on
‘th'.e‘ network that the channel Ais busy. The device holdiﬁg the token is
allowed to control the channel for a specified period to transmit |
data. After the transmission is co_mpleied, the device releagea the
token signalinq that the chan;\el is free,. Since the period any one

device controls ihe network can be predetermined, this method of

channel access is very effective for steady, high-volume traffic such
as digitized voice or video, both of which have significaht'
applications in education. Because IBM is expected to release a token
ring LAN in about’ two years, interest will rgmain high in this method

of ‘channel access.
Bandwidth

Bandwidth is a term that generaily refers to the

messege-carrying capacity of a particular physical medium. In more

-12- 20




technical terrﬁs, bandwidth is "[t]he range of frequencies available

in any particular channel," (9] There are two means of carryir;g
electronic messages 'ovef physical media: one is called baseband,

the other  broadband. With basebanq, the [nedium--eitihor twisted

pair wire, coaxial cable, of'optical flber-jis dedit_:ated to carrying

data messages only. Furthermore, the messages are unmodulated, that
is, they are not converted from digital to analog (voice) signéls, 80

the signal 6ccupies the entire bandwidth of the medium, thus allowlng.
the messages to be transmitted at-.very high speeds.

With broadband, on .the other” hand, the bandwidth can be divided
into several transmission channels with different frequencies to carry
voice and video signals as well as- data. The data messages aré
modulated on a broadband channel, that i,sl,' they are converted -from
digital to analog (voice) sigr}als.' Coaxial cable and optical fiber
media have large bandwidths, thus makiﬁg them especially suitable for .

- broadband LAN applications, though high cost has thus far 'éurtailed
widespread adoption of opical fiber for .use in intrabuilding LANs. Up
to now, most broadband LANs have been used primarily as a means to '
provide wide-area-communications backbones linking campus or office
buildings over distances of up to thirtyjfive miles. - However, with
the release of |BM's intrabuilding broadband LAN, called PC Network,

which can link up to 72 of its microcomputers (except the PC Jr.) over

distances of up to 2,000 feet end-to-end, broadband LAN: applicétidns

in the office and classroom are sure to increase dramatically.|10]




Basic Components
of a Typical Instructional or Oftice LAN
Installed in Schools

The size and capacity of an instructional LAN may vary depending
on the number and size of the instructidnal programs or computer
languages supported as well as the number of microcomputerg attached.
The basic components of a typical' baseband LAN for, say, twenty Apnle
microcomputers installed in a hiéh school computer lab are as follows: |
(1) one network interfacé card for eacﬁ microcomputer to connect it to
twitled-pair wire that physically links the various'components of the " | i
network together; (2) one file server that manages access to a
high-speed ﬁard disk storage unit; (3) a hard disk storage unit with
forty-five megabytes of storage capacity; (4) a print server to manage
access to at least two printerss-generally two high-speed dot matrix
printers; (5) network software such as microcomputer operating systems
support, print spooling, and network management; (6) assorted network .
hardware such as tap cables, network cables, and tap boxes; (7)
miscellaneous network and device protection and life-,e'xtending
equipment such as surge suppressors, desktop antistatic mats, and
‘external fans .for each Apple microcombufer- to dissipate internal heat
buildup; and (8) network installation and operation documentation..
Although built-in or add-on disk backup and archival storage equipment
is available for LANs, it is seldom acquired for instructional
applications.

A typical baseband LAN installed in é school office will have
many of the same components as that of an instructional LAN. The -

office LAN, however, is ysually smaller, includes both letter-quality



and dot matrix printers, has built-in or add-on disk baqkup and
archiival storage, -provides for the electronic transfer of messages

- between microcomputers, and trequently - uses coaxial cable instead of
.twisted-pair wire._ Some of the more expensive office LANs ;Bave a file
transfer server that allows for the exchange of files between similar
‘networks. Other LANg not only support the exchange of messa_ s or
files between microcomputers on the network but also between those
located in, say, other offxces or classrooms in or outside the
building or even in thé home.. With cﬁfice micrdcomputers more
frequently downloading files directly from central c.ompu;ers, several
office LANs are providing gateways to mainframe computers like 1BM.

Local area network gateways to value added networks like Tymnet and

Telenet are also becoming available.




Instructional
ond Management
Applications ‘

The linking together of several microcomputers on a LAN provides.
for several advantages not,,'gvai_l'able from é"’ single microcomputer.l
With .mi'crocomputers linked gégéther, students can share the use ?f
public doma-i-n and network-licensed instructional software, thus
e.liminating the heed for the teacher to manage the use ot many
individual copieé of severél different programs. And with appropriate
softwa're, the teacher also canA unobstrusively monitor students'
progress as they work at their own microcomputers. In addition, by
means of netwo.rk-‘compatible filing and database management programs,
Athe network supports the central storage of student work and records,
making the assessment of student progress and other aspects of ‘
classroom management easier and more effective. [11] Another
advantage of the netv.vork is the opportunity for several microcomputers
to share expensive peripherals sucr{ as letter-quality pk'rinters and
graphic plotters. Tﬁis sharing can often result in modest cost
savings as well as more efficient use of such equibment. :

The final major benefit of networks is obtained through the use




of communications devices such as modems, bridges, and gateways., With

these devices, microcomputers on a netwdrk can send and receive files
between similahg]’fsystgms, share-information between microcomputers
using si@ilar doftware, send. and receive messages (electronic mail) ,
send and receive files from mainframes and mimeomputers, and link
with value- added networks such as Tymnet and Telenet for local access
to bibliographic database services such as Dialog, BRS, and Orbit.

These database services are particularly valuable to educators g

becausé, in effect, they turn the microcomputerl into a library. From
the classroom, office, or home, the teachet: or ddministrdtor can
~search for and retrieve information from over 100 databases such as
.ERIC, Books in Print, Natidnal Newspaper Index, Microcomputer Index,
Psychological Abstracts, and Dissertation Abstracts.
Instructional Applications

Several cdmpanies are marketing instructional software for LANSs,
especially those i(nterconnecting Apple microcomputers. For example,
Ideal Learning ig,markéting a series of full-year instructional
packages for sixth-, 'sev;enth-, and eighth-grade mathematics, science,
and foreign languages to operate on Corvus's Omninet LAN linking Apple
I _microcomputers. [12] Acéording to the vice-president of the |
company, over 100 schools, primarily in Minnesota and Wisconsin, are
using its instructional software on Omninet LANSs linking Apple
microcomputers. Public domain instructional softwa'.re' developed by-thhe

Minnesota Educational Computing Consortium (MECC) s reportedly

running on several classroom LANs. A quarterly journal called The




o
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Educational Networker, published by the Carvus tional Educational
End-Use’rs Group, lists several pages of public schopl and
college-level instructional software tested for compatibility with
Corvus network operating systems. [13]

One of the largest recent installations of IBM PC microcomputer
LANs for instructional applications is in the Indianapolis School
District. Durirng.the_ 1983-84 school year, the district installed
Orchid's PCnet LANs in its nine high échool microcomputer labs. Two
labs in each high school contain 30 IBM PCs with 128,000 bytes of

random access memory and one disk drive, color monitors, three dot

matrix printers, and an IBM PC XT that functions as the network

server.

All the microcomputers and printers are interconnected using

"Orchid's LAN. [14] The system uses computer-assisted instruction

(CAI) software for English and math instruction. [15] At the
beginning of the ‘1984-85 school year, Corvus's Omﬁinet LANs were
installed in Apple microcomputer labs in each of the district's
fourteen jq;wior high schools. ., These LANs in t'h_e junior high schools
use ‘several CAl progrems and a commercial word p'roc:essing prégram
(Magic Wi..dow) liceﬁsed_for network use. [l4]

Other school districts' use of LANs .fér instructional purposes_
has been documented. The Reynolds School District in Troutdale,
Oregon, has netwofked fifteen '-microlcomputers sharing a hard disk drive
in each of its two high school compt.;ter labs. Oregon City High School
in Oregon City, Oregon, has a computer lab of twenty microcomputers

shauring a hard disk drive interconnected on a LAN.[16] The




Lex'ington, Massachusetts, schoo}l district uses a broadband LAN to
man.age instructional applications on its microcomputers as well as to
report attendance, to send messages between administrators ahc_i
teachers, and to transmit announcements and other information via a
bulletin board.[17] The largest reported Installation of LANs Is in
. West Virginla where each of forty-f.llve‘s vocational high schools in the
state has a computer lab con-ta.lning tvyehty mlc;'ocompﬁtebs networked
together with. four printers. Each LAN has communications software and
a modém enabling it to transmit data over telephone lines to any other -
high school CAN in the state. In addition, users at each LAN "can
call up data and p;'ograms stored in a state-operated central llBrary."

(17, p. 25)

Administrative Applications

S ‘Because the use of microcomputers for administrative applications

T stgnificantly behind "tr.a't*csf instructional applications in most
school districts, the use of LANs to interconnect office
microcomputers is still in its .‘infancy.

Once a sufficient number of microcomputers exist in the distict |
or buildlng-ievel offlc'es; the addltlon of a LAN to’interconnect the
microcomputers in t‘hese offices can be justified. Once installed, a
LAN's administrative appliéatlons are many. Record keeping, word

processing, budgeting, scheduling, and .ihventory control are but a few

of the administrative applications that can be enhanced with the use

-

of an office LAN. LAN vendor-specific.vertical applications

”

software--that is, software designed for a specific group of users--is




available for school attendance, student registration, school
scheduling, and grade reporting. (18]

A growl‘ng number of general purpose administrative application .
programs such as word processing, electronic spreadsheet, database
management, accounting, and electronic mail are currently available
for several LANs.[19] A few_populaf business application programs
such as VisiCalc (spreadsheet) and dBASEI!] (database managemer_\t) will
already run on certain LAN8 and are licensed toc do so. Other widely
used business software such as Lotus 1-2-3 (integrated applications)
Mand'Mlcroso‘ft Word (word processing) are being developed specifically
for certain LAN vendors, especiaiiy IBM, 3Com, and Corvus.

Electronic messaging and the rapid transfer of such information
as budget projections, reports, and letters between ‘microcomputers
connected to a LAN represent the most exciting application of LANSs in
the school office. Consider the following near term scenario
sugges'ted' 'by Lindelows " T

Ed l.anning; principal of Jefferson Middle Schéol, arrived

for work at 7:45 Monday morning. ‘After logging onto

his. ..micro-computer, he began to read his maii on the

screen. His secretary wanted his approval on several

letters before having them printed and mailed. Several

teachers had sent messages, including a request for special

materials purchase, two notas on disciplinary actions, and a

suggestion from the English teacher for a nrw textbook.

Dave Morgan, the assistant superintendent..., had left a

message requesting transmission of Jefferson's tentative

budget for the coming year. The iast two messages were from

other principals in the system, both responses to Ed's ideas

on food service management, which had recently been posted

on the district's electronic bulletin board.[20]

Local area network electronic mail and file transfer software

necessary to make the above scenario a reality is available today. In

a few school districts and community colleges parts of the scenario
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are already operational. For example, in Banks, a small (1,000

students) school district -west of Portland, Qregon, a LAN was

installed in the central office in 1984, The‘LAN consists of.a-n 1BM

PC XT network server, four Compaq microcomputer workstations, one dot

matrix printer, and one laser printer. Lstters, memos, and reports

are regularly shared between the office secretary and.various

administrators incl‘uding the high school principal and the

superintendent. I[n addition, the dlstrict‘ uses an electronic

spreadsheet program to prepare the annual budget: The budget

information is shared electronically befween administrators on the -

network during the development stage. A database management progrnm

is used to format file transfers between the district and a statéwide

data processing agency loca'ted in Eugene, Oregon. Once forrnatted, the

files are then iransmi_tted over tele'phone-linesv to the data processing

agency from oné of the district's Compaq work stations using a data

-communications program and a modem. The district expects to implement

an electronic mail program before the end of the year. .
An electronic mail program haa been used successfully fur nearly )

a year on a LAN interconnecting Apple microcomputers installed in

several administrative offices at Lane Community College in Eugene,

~Oregon. Written by a systems programmer at the college, the

electronic mail program is used to exchange messagés and electronic

spreadsheet files between several central of fice administrators

including the president. The electronic mail progx;am will be used as

the LAN communications backbone for the exchange of database

management program files and the uploading and downloading of files




~ from the college’s mainframe computer. ‘Both of these applications are

~ expected to be online in early 1986.
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CuUrrent

mitations

folUse -
of LANS ‘ -

Users of any piece of technology -as complex as a local area

‘network are bound to encounter problems. In the case of LANs,

| llmi.tatlons and difficulties fall into several ca.tego’rles:' technical,
personnel, financial, managerial, and legal, The bulk of this chapter
pertains to four specific problems. Before discussing them, however, .

several other.problem. areas are worthy of mention.

#’erhaps the most numerdus problems facing LAN users are technical |
in nature. Ong such problem is the poor, if notr impossible,
communications between dissimilar microcomputers and networks. Lack
of network standards and limited upward compatibility with newer,
higher performance LAN systems is also a serious lmpédiment to
widespread LAN adoption. Thea"e a‘nd other such problems are regularly

discussed In data communications trade journals and microcomputer

magazines.

- Also deserving mention are several personnel and financial
problems that could deter the installation and use of ‘microcomputer

LANs by many school districta. These problems include (1) the general
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lack of understanding by many administrators about the use of
microcomputers in schools--combounded in many cases, by thélr own
reluctance to use them; (2) the shortage of school district data.
processing personnel with training and experience in the use of
. current computer data..communicatione and networking technology; and
(3) the lack of funds (a) to purchase a LAN, aa_.sumlngv of cdur,ae that
. the network Is 'determlﬁed to be useful and cost effectiye’,. or (b.) to
hire or train a person to manage it.

The followjhg diecussioﬁ of four major .llmltatioﬁs in the use of
any mlcrocompurter' LAN available on the mar}ket’ today is based primarily
‘on research involving interviews of LAN users and evaluations of LAN
hardware and software [11, p. 8]. ..

T hese fou'r llhltatlona at;e as follows: (1) The need for network
. management, (2) the shortage of technléal"support from retail stores ..
and LAN vendors, ~(3) the lack of multi-user database management system
(DBMS) abftware, and (4) the legal barriers to the use of single-user °
software on LANs. The relevance of these limitations to potential
users of LANSs in elementary and secondary schools will also be

emphasized.

Need for Nétwork Management
The management of'-a'lo?’al area network for microcomputers is not i
a trivial process. For the stand-alone microcomputer, software ‘
Vapplicatlons in education are numerous and well documented for some

machines such as the Apple. The opposlte is true for most local area

networks. More often than not, one must be able to write special
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‘programs in the language of the LAN applicetion—eoftwere t6 ensure
full utilizetion of the network. Furthermore, when resource sharing
is one of the objectives of the LAN, someone has to set priorities for
access to- printers, graphic plotters, and other periphereie, as well
as manage the output.

In the case of most local area networks the heavy workload is at
the beginning. Installation--the process of setting up and debugging'
the network--can take anywhere from two weeks-to two months or longer,
,depenciing"upon the type of the network and the range of software
applications. Implementation tasks include creating voiumee for users,
writing utility programs so that the application software users ere
accustomed to running on a single computer operates in the same manner
on a network, writing a network users' handbook so everyone

| underetends how to use the full capabilities of the network,
and--where expertiee is not eveiieble from the iocei retail store or
network vendor (as is often the case with L;ANs)--physically' connecting
all the parts of the network together and making it ‘work.
Most people using microcomputers in offices and classrooms have
come to rely on them for. various ongoing management and instructional

applications. Therefore, when implementing a LAN, "one cannot afford

such snags as softwere incompetibiiity, printer probieme, or a serious
disaster such as lost data." [21] Even with a network manager, such ‘

problems can and do occur.  Without a network manager to help solve

them, however, these and other probiems can significantly disrupt the

b+ e

office or. classreamenvironment and even jeopardize the use of the LAN

altogether. As one purchaser of a popular local area network reporta°
L N
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"We could not have made the decision to use ...the Omninet system
without the assurance that generous amounts of experienced help for
the technical business of setting up and maintaining the system would

" be at hand."[22]

Shortage of Technical Support
from Retail Stores and LAN Vendors

Closely related to the pf‘oblem of the 'need for network management
is the shortage of technical support fof LAN users from computer
i‘_&_&il stores and LAN vendors. Persons responsible for installing
most LANs on the market today must have considerable technical
-training and experience in data communications. "Networking is 'not a
subject for the faiht-hearted; there are problems with simply
stringing cables--such as signal interference from other electrical ’
products--it requires some degree of sophistication to solve."[23]
‘Don't expect to find such persons at most of your local computer
~ stores. All retail stores offering LANs for sale are glad to sell you
the network, but

[a]t present...it's tough to find consultants and dealers

who have practical experience with networking installations

for personal computers. Deciding which networking - -

technology to use is a huge step beyond deciding which

computer .ystem to buy--and a matching level of technical

sophistication to both sell and install the system is
required.[24]

And don't expect very much help from the LAN vendors themselves,
'_either. There is a surprising lack of technical éxpertise}available
to the purchaser of & local area network from the company that
manufactured its For example, an Oregon community- college purchased a

popular baseband LAN for ise in its business offices. It took systems
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programmers in the college data procéssing center approximately two
‘months to install the LAN with no assistance from the vendor.
Repeated calls to the vendor for help were not guccessful. When the
hard disk unit failed, the vendor refu'se-d to replace it, instead
offering to repair it at an estimated cost of $1,100. A local
technician was fina_lly able to, repair the drive--at one-fourth the
cost quoted by the vendor--by following instruct_ions in a technical
manual obtained from the vendor. The qu-ality. df technical support
provided to LAN reiailers by the major venqqrs will likely improve as
m‘ore LANSs 'are sold and installed, but such support will probably not

be generally available to the end-user for several years,

Lack. of Multi-User Database Management
' System. (DBMS) Software '

t

Multi-user access to database management‘ system (DBMS) software

written for single-user processing is 'difficult, if not impossible, to

obtain on most local area networks. Véry few DBMS programs curpently
include provisions for concurrent, multi-user access (read/write) to
" common files. LANs generally proviqé some form. of primitive record

locking to prevent more than one person from accessing a database at a,
time, |
They do not, howéver, generally Include mora-sophisticaAted means ]

to guarantee database integbity common with mainframe and

minlcomputers such as synchronization and queuing.

Also, database security is not available for LANs at a level of

sophistication that most database managers have come to expect with

mainframes and minis.




Methods for restricting-acceas to certain volumes, to certain
records withln a volume, ‘or to fields within those records are either |
totally missing or only partially available on most LANS on the market .
today. Can LAN vendors - guarantee that a student will not have access
to his or her grades, but that a teacher, or counselor, or princijpal
will have such access? Regrettably, the answer, in most cases, is no.
Can a teacher have “read only" access, say, to his or her personnel
file, but be prohibited from accessing a field containing letters of |
recommendations, where the right to see. such recommendations had been

waived? Again, the answer, with few exceptions, is no.

lL.egal Barriers to the Use
of Single-User Software on LANSs

Not only is most popular dat'abase management systems ‘software nct
available for the local area network, but LAN versions of popular -
single-user word processing programs like BenkStreet Writer and
Wordstar or epreadsheet'sortware like 1-2-3 or Mu‘lt.iplan ere not
available either (though they are likely to be.for sorne LANs at least
by tne end of 1985). The reason a single copy of these programs
cannot operate -on LANs is largely due to legal barriers, rather than
tec'nnical' ones. To legally’ use any of these programs on a LAN, one’
must buy one package for gach microcomputer or the network! To do
otherwise is to violate either the software vendor's licen_sing
agreement, which accompanies each box of program diskettes, or section
117 of the Federal Copyright Act of 1976, which.makes it impermiasible
"to take a program that was not designed to copy itself in a network,

and to distribute it to the various beraonal computers in the
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network." [25]

| Licensing represents a major legal barrier to the use of
single-user software on LANs, but it is a highly éomplex énd unsettled
area of cbntract law. Most legal experts In this area appear to-
support the right of software vendors to license rather than sell

their products, thus putting them outside the scope of certain

sections of th:e'l976 Copyright .Act. [ 26]_ One legal expert, however,

writing in a recent. issue of The Computer Lawyer, argues that when

a user purchases a software package, the transfer constitutes a sale,
lnot a licensing agreément. [27] Until the issue islsettled, if ai

all, by the Unitéd Stateé Supreme Court, suffice to say 'that persons
using licensed single-dser software on a LAN without permission from

the vendor risk legal action.

The International Council for Computers in Education has issued
guidelines for the use of copyrighted software on a local area
) net\&ork. These guidelines represent more hope than reality, however,
- with respect to the cbpyright is.sue. The hope is that software vendors
will begin to acknowledge the growth of local area networks and supply
software at a reasonable price for use in a mqltl-user
environment- -especially in schools. .Thefe is also the hope that
schools in turn will honor the copyright limitations on single-user
software while trying to reach accommodations with software
compa;\ies-—through some sort of licensing agreement--for network

i

applications. [ 28]
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Whot .

cducafors *
ohould Do . o
apout L[ANs .
Now

Even with their curreﬁt limitations, however, LANs offer grest
promise to the micfocomputer user ir_w education".' They allow users to
retain their computing independence while alsb barticlpati_ng in the
bensefits Qf instructional and management applications enhanqed.. by
communications and the ‘sharing of programs, data, and peripher‘i--als.

ST |

But at this stage in the evolution of LAN technology, it would be
unwise for most schgl districts to commit iarge sums of money for the‘ |
purchase of LANs. No LAN on the market today-v is a "turnkey" product.
You cannot just buy a LAN at your local computer store, take it to
school, plug _it in to two or more mi'crocompu_ters, tlum lf on, and
start transferring fllés, sharing printers, and acce‘ssing databéseg.

If your district doéa have some money available, however, the purchase
of a small, low-cost startup or prototype network initially |
interconnecting two or three microcomputers would be an excellent way
to get some hands-on experience with LANs before attempting to install

a larger sysfem.
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are generally very expensive and ‘quite technical. Some universities

Finally, try to visit two or three school districts in your_étate or

-assessment, consider calling in an outside consultant. But expect to

B
But before purchasing even a prototype LAN, you should learn as

—

much as possible about what LANs "e and what they can and cannot do

- now and what they might be able to .0 in a year or two. You can

accomplish this in several Ways, none of which are mutually- exclusive.
You could begin by reading some of the books and "grtitles listed 'as
refefences in this chapter. 'Next;, attend a LAN tralning session. - LAN

works'iops or seminars are often available in large cities, but they .

such as the University of Oregon, University of Fouston, North Texas
State University, and New York 'Uniyersity are offering classes and

workshops on LAN and data communications technology and applications.

region that have installed LANs for instructional and management

applipations. Be sure to talk to the people who use the network on a

daily -asis as well as to the network manager.

You should also begin to assess the presemt and future
instructional and management data communication needs of your
disi_rict.

The creation of a task force made up of students, teachers,
administrators, and classified staff to begln thla data communications :
needs asséssment process is highly rec;ornmended. " If sufficlent

expertise is not avaiable in the school district to conduct this .

spend some time finding a qualified consultant. People with the y
sppropriate training and experience to conduct such an assessment and

to assist the district in planning, selecting, and lnstalllng a local

3., 99 .
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data communications h'etwork are in short stjpply. When you do find a

good consultant, exp“e.ct to pay him or her several h,ﬁndred dollars a .
o P . ’ 'S

. day.

———

- If you begin the process /thanﬂfon familiarity and
tralmng, site vialtatlons, and data communications needs assessment
new, in a ye;r or two you will likely be ready to puroﬁese a
full-scale local area: network. By then the average cost.of a LAN is

likely be $300 or leqs per student or work station instead of.the

- eurrent average cosi: of approximately $1,000. There.will also be more

and bettec_natworknbaaed +nstructional emd management apphcatxon

—"

programs avallable--and they wlll cost leap Furthgrmore, LANs should

be standardized aroufnd the technology anc‘j operating systems of two or

three major vendora;jf they will be less' con'ipllcated and easier to
install and use; and thelr flexlbllity and éompatlbllity ‘will be
sxgnlficantly lmproved. | : N

/
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