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PREFACE

Information system technology has revolutionized how modem business and government organizations
operate. That same technology holds great promise for helping to improve K—12 education, but for a variety of
reasons the public schools lag other sectors in iaking advantage of the technology that is already available. If
technology is to make a ditference in public education, it must be integrated into the overall curriculum in the
schools, and it must be implemented in ways that are both affordable and sustainable. This paper argues that key
steps in this process are establishing a set of flexible standards for educational technology. promoting the
sharing and reuse of educational technology materials, and creating a peer review process for the selection of
educational techrology products. The paper concludes by describing how these ideas are being pursued in
partnership with the Springticld, Massachusetts, school system.
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INTRODUCTION

We believe that modern information system
technology — computers, software, conununication
networks. cte. — can make an important contribu-
tion to the revitalization and improvement of K-12
education. The application of technology to educa-
tion 1s pot a new idea. but the results o date have
generally been less than originally hoped. The
business community. government. and the military
have been leaders in the development and applica-
tion of information system technoltogy. including its
application to education and training outside the
confines of the public schools. Fortunately. the
schools can take advantage of the lessons that have
been learned by these pioneers. One of the key
lessons is that if the technology is applied ina
piccemedl fashion to solve individual problems, the
result will be a collection of individual and incom-
patible solutions that will eventually become
unwicldy and unsupportable and will have to be
replaced by atotally new system.

We need to help the public schools follow a
path that will address two key issues at the same
tme: t) how to make effective use of modern
technology as an integral part of the overall educa-
tional process, and (2) how to implement that
technology in the schools ina way that is atfordable
and sustainable. The first issue lies within the
educational domain, and the second lies within the
technical domain. Both are critical. and both need to
be addressed concurrently. This paper explores three
basic themes for dealing with the issue of how (o
implement technology in the public schools. These
are things that can and should be done at the same
time as educators are determining what technology is
most usetul in the schools and how it can be inte-
grated into the total curricutum. Our three themes

are!

« Hexibie standards need to be established to
guide the development and use of educational
technology, particularly educational software.
Standards are needed for the students” and
teachers™ interactions with the software
packages. the hardware environments in which

i

the software operates, the collection and storage
of data that can be used 10 help assess student
learning. and the collection and sharing ot
descrniptive data and user evaluations of educa-
tional technology products. Standards can make
the technology casier o learn. and less costhy 1o
integrate and support. They can also make the
educational market more attractive 1o product
developers by providing access to potentiadly
farge markets for products that contorm to the
standards. Finally. standards provide the
toundatioa for sharing and reusing educational
technology materials to minimize the need tor
custom development and integration by local
school districts. The standards must be sutfi-
ciently flexible to permit new innovations and
to provide as much latitude as possible in how
teachers can use the technology in their
classrooms.

A peer review process is necessary tor
educational technology products. analogous 1o
the processes that already exist for textbooks.if
technology 1s to become part of the educational
mainstream. The peer review process will have
to address software, courseware. multimedia
resources. ete.. in terms of standards and criteria
that cover both educational yuality and technical
characteristics. The process must be designed to
permit appropriate trade-ofts related to flex-
ibility within the standards,

Neither the standards for educational technology
nor the peer review process exist today ., vet they
are crucial it the potential henefits of the wide-
spread use of that technology are 1o be realized.
We plan to begin the process of creating these
key elements by working with the Springfield.
Massachusetts, public school svstem to become
a leader in the development. evaluation, and
refinement of the necessary sets of standards.
We also believe that the Commonwealth of
Massachusetts can create a peer review svstem
tor educational software that will lead to a
nationwide role,




TECHNOLOGY IN PUBLIC EDUCATION

Technology is becoming increasingly important
tor the public schools, both as a tool 1o aid the
learning process and as a subjoct to be studied in its
own right. Information system technology —
computers, high-speed worldwide communication
links. videotapes and videodisks, CD-ROMs
fcompact disk - read-only memory). and more —
have led to dramatic changes in the way business.
industry. and the government operate. The applica-
tion of this technology to the public schools has been
much less dramatic. Education is inherently a labor-
intensive enterprise. Labor constitutes nearly 93
pereent of the cost of operating the educational
svstem in this country: this is nearly twice the labor
cost component of the average industry. It is
unreatistic to assume that technology will replace
teachers in the educational environment: rather. it
will supplement and extend what the teachers are
able 1o do. Over time. as the value of technology in
improving education is demonstrated, the pature and
composition of the classroom and the role of the
teacher may change.

Computer-Aided Instruction

Throughout the past 30 years there has been
interest in using computers to deliver instruction to
students. The labels have shifted from the teaching
muachines of the early days to computer-based
training (CBT), computer-aided instruction (CAT),
computer-managed instruction (CM1), and the
currently emerging integrated learning systems
(11.S). The capabilities range from refatively simple
page-turning and rote drill programs to highly
interactive multimedia packages and an emerging
class of intelligent tutors that combine a model of the
student’s learning process with an expert’s subject
matter knowledge base to provide instruction and
coaching that ts tarlored to the individual student. In
any of its forms. the key advantages ot computer-
delivered instruction are that it permits the individual
student to progress at his/her own pace, the computer
acts as an intinttelv patient individual instructor, and
the feedback from the computer to the student i<
mnstantancous and non-judgmental. One thing that

1]

seems clear is that 1t works: a study by the Hudson
Institute cites 20 years of rescarch that shows that
computer-based instruction produces at least 30
percent more learning in 40 percent kess time and at
30 percent less cost.

Simulations

Computers can be used to create learning
environments that go beyvond the computer-aided
instruction model. The computer can be used to
represent the behavior of the real world so that a
student can learn by doing — by performing
experiments and trying out ideas in a controlled but
realistic environment. For example. the computer
can be used as a physics laboratory in which the
movement of mechanical objects is modeled in
accordance with Newton's laws ot motion. Experi-
ments can be conducted with these simulated objects
much as they could be conducted with real objects in
a conventional laboratory. The difference 1s that the
computer simulation permits the student and the
teacher to expand the scope of their experiments to
learn more about the laws of physics. The experi-
mental setup — for example. the number. sizes.
shapes, mass. and positions of the mechanical
objects — can be quickly changed and rerun by
changing parameters in the computer. The experi-
ment can be run in real time. or it can be run n slow
motion so that the student can see the details of what
1s happening. The experiment can be run in a variety
of environments — at sea level on the Earth's
surface. in a vacuum, on the moon. and on Jupiter —
to show the etfects of factors such as gravity and the
atmosphere. The computer can provide results and
feedback in a variety of formats — text. graphs. or
pictures — to match the student’s needs and mode of
learming. The computer can also record quantitative
data from the experiment so that the student can
analyze it, plot it, and include the resulis as part of
the lab report. Similar computer-based simulations
can also be used for subjects that are governed by
relationships more complex and less understood than
the laws of physics — tor example. the stock market.
or a city. Interactive simulations provide an opportu-
nity for students to develop and practice problem-
solving skills that go beyond the absorb-some-
material-and-pass-a-test model.




Curriculum Management and Assessment

There is growing concern that a high school
diploma should signify that a student has achieved a
certain degree of competency in eritical arcas of
study. not simply that the student has passed a
preseribed number of courses and standard tests,
Am performance-based curriculum has to accom-
maodate the tact that not all students Jearn at the same
rate or even in the same way. Each student’s
cducational progress needs to he monitored so that
problems can be detected carly and the instructional
material, instructional approach, and instructional
sequence can be adusted onan individoal basis to
bestserve the student™s needs. Monitoring and
assessing student progress is an iherent element in
the educational process. and teachers do that as a
normal part of thewr job. At the beginning of the
~chool vear. the teacher may know little about
indiv idual meoming students bevond the tact that
they presumably receved a passing grade inany
prerequisite subjects. The formal student pertor-
mance database today consists of the teacher’s
vradebook with grades for tests, quizzes, and
possibly homework: the permanent transeript of

course gradest and some stundardized test scores.

The computer offers opportunities to help in this
arcat by nuuntaming more detailed iformation on
cach student’s performance, by scanning and
analy zing that data to deteet strengths and weak-
nesses. and by providing rapid feedback to the
reachier cand to the studenti so that the work in the
classroom can be adjusted as necessary t optimize
the learning opportunities tor cach student. A
computerized curriculum management and assess-
ment system could handle arange of data o help the
teacher and the student. For exomplel besides
keeping the student'™s grade for atest. it could also
keep the student™s answer to cach guestion on that
test. With that data. diagnostic analyses could be
pertarmed automatically to lug topics or technigues
that a student. or a group of students, had ditticulty
mastening. The system could alsodennty additionad
oralternative material that could be presented to
students to help them master the specific arcas where
they had problems. Such excursions and supple-
ments would be vithin the boundaries of the

established curriculum but would provide alierna-
tve. tailored paths through the material. The
exatended student performance database would be
maintained throughout a student’s school career und
would be avaifable to successive teachers to provide
them insights into the accomplishments, strengths.,
and weaknesses of the individual students at the
beginning of a new class.

For such a system to be usetul. it must capture
the raw data on student performance directly raiher
than require the teacher or support staft to enter thut
data as vet another task: thus. it s a logreal adjunct
to computer-arded instruction. How sver. the system
must do more than simply capture and store detailed
data on student performance. Tt must do some
preliminary analvsis and iterpretation of that data to
help the teacher adjust the student’s instructionad
path rather than simply burdening the teacher with
mass of data. The system must also provide s
output quickly and directly to the classroom teacher
so that the feedback can be used to pian the tuture
work in the classroom.

EDUCATIONAL TECHNOLOGY OUTSIDE
THE SCHOOLS

The business community and the military have
heen leaders inusing computers and other technol-
ogy to increase their productinv ity and 1o tramn their
worktorces. In i surves of Fortune 300 companies
conducted four years ago. 54 percent ol the respon-
dents were using computer-assisted training, and 81
pereent of the rest planned to do so within the neat
vear or two. They were using it for the simple reason
that it paid oft in terms of moncey. time. and pertor-
mance, Another survey of private companics
conducted by the American Society tor Training and
Development in 1990 reported that computer-hased
tramning was considered (o be the most cost-effective
training technology by the 153 executives who
responded. Eighty-one pereent of the companies
surveyed were using CBT. and 93 percent planned 10
be using it within three years. Examples of the range
of applications of cducational technology outside the
schools include:




Steelcase, Inc. uses an automated learning
center with computer-based training and
multimedia to train its employees to use
personal computers in their jobs, The center
opera. s on a drop-in basis so that employcees
can get the training they need when they have
time available.

Insurance companies such as Aetna and
Massachusetts Mutnal use interactive video
technology and computers to create realistic
simulations to train accident investigators and
Hie insurance salespeople.

Domino’s Pizza is using interactive videodisk
technology to train workers to mix pizza dough
to ensure product guality and consistency.

Federal Express uses interactive video instruc-
ton (IVD to train data processing personnel. A
compartson of IVI and conventional instruction
showed that both approaches produced compar-
able performance but IV ook 60 percent less
time.

Martin Marictta uses computer-based training at
individual employee workstations ina new,
highly awtomated paperless factory. The
computer serves as an on-the-job “instructor”
who is abwavs avindable 24 hours per day.

Shell Petroleum of Treland. Pacitic Bell, and
Federal Express use interactive videodisk

technology to teach detensive driving to their
truck drivers,

Computer-assisted mstruction is widely used
throughout the armed services. The detense depart-
ment has the problem of training hundreds of
thousands of people cach vear. ranging trom new
recruits who need traming in basic sKills to officers
and enlisted personnel who need o learn highly
specialized tasks. Examples of the use of educational
technology in the military services include:

» The Detense Language Institute in Monterey .,
California. uses personal computers and
teleconterencing to help teach basic proficiency

.

in 20 foreign languages to 3.000 students cach
vear.

The Air Foree dses computer-based training
with digitized audio to teach 2,000 specialized
cryptologic linguists cuch year in 12 languages.
With this system. the student washout rate has
been cut in half, trom G percent of the class to
5 percent. while the student/instructor rutio has
increased trom 6:1 to {0:1.

The Navy is using CD-ROM- and personal
computers to provide 225 ditterent courses
satlors at sea.

The Navy uses personal computers with
mteractive videodisks to train medical comps
statf in vanous health and heatth-related
subjects such as hematology. dental technology.
and emergency medical treatment.

The Army 18 using iteractive videodisk
technology to train military ofticers in
interpersonal leadership skills.

The Army s Job Skills Education Program
(JSEP) uses personal computers to provide basic
academic instruction in reading and computa-
tion for Army recruits. The same program is
being tested at several civilian sites to help teach
basic skills in mathematios. reading. Enghish

as a second language. and other arcas to
tmmigrants and disadvantaged adults,

The Air Force is developing an Advanced
Training System that wilk consist of up to
35.000 networked computer workstations at six
major air bases to provide training in more than
200 job specialty areas to as many as 175.000
students cach year. This system will use the
computers not only for the delivery of instruc-
tional material to the students but also for course
development. student management, training
resource management, and training evaluation.

The technology exists. and it works.




THE REAL WORL.D OF THE PUBLIC
SCHOOLS

It secmis elear that technology can help to
mmprove the public educational systenyin a number
of way s, Passible roles range from acting as infi-
nitely patient and non-judgmental individual wiors
w changing the nature of work in the classroom.
providing access to large repositories of mformation
outside the conventional classroom. and maintaimng
detailed databases o permit teachers to assess the
progress and respond 1o the learning needs of
ndmvidual students., Many of these ideas are not new
outside the educational sysiem. and information
svstem technology has had tar more impaci on
business. industry. and the military during the past
20 veuars than i has had on educinon. Theretore, we
need 1o fook ar what has been happening with
technology m the public schools.

Computers Are Mot Enough

The development of the Tow -cost personal
computer in the lare 19705 made 1t posaible to heain
0 put computers into the classroam. PTAS spon-
sored buke sales to buv computers, and the busimess
community was asked o contribute more computers
or the money to buy them. Compriter Libs were
created in the sehoolsand computer hieracy hecame
ahigh-prioniny addition to the school carriculum.
LS. schools acqguired $2 billion worth of persenad
computers during the decade ot the 19RO The
growth has been raprd i recent sears, and today
there are more dan three milhion computers in the
public schualso By 19900 cver ©7 percent ot all
public schoaols had at feast one computer. In Massa-
chusetis. the number of computers m the public
schools grew from 12000 1 198410 4500010 1989,
Nationw ide, the ratio of students to computers has
dropped from 12570 1983 10 204 in 1991,
However. during this same pertod standard school
performance measures such as SAT scores have
reaained at best constant or have dropped sliahtly.
Sumply putting more computers i the schools
doesn’t necessarily improve educational
performance.

S

Today one finds a varicty of ditfferent and
incompatible computers in the pubhce schools (figure
1. The most popular machines change as tinw
passes. reflecting the market dynamies and rapid
pace of development in the personal computer field.
Figure | shows that Apple is the largest stngie
supplier of computers for schools. However. this
aggregated aata for Apple does not reveal the
emerging shift trom the carfier Apple I family ot
machines toward the newer and tundamentatiy
different Apple Macintosh computers. IBM PCs and
IBM-compatible clones are becoming more widels
used in the schools, retlecting their dominance in
business and the government. This diversity of
hardware vendors is good fer competitive reasons,
sinee no school system (and no business or govern-
ment ageney wants to hbecome locked into a single
supplier. On the other hand. the diversity of com-
puter hardware brings with it potential problems in
training students and teachers to use the different
machines. in providing technicii and muwatenance
stuppoit. in connecting the machines together o tha
they can communicate with cach other. and in
providing the software that §s necessary to ase the
computers.

Percent of i
Installed B se
1Spurce. Q.E D)

Others
Commodore

IBMPS 2

Figure 1. Educational Computer Market Share




Computer Software — Too Much, or Not
Enough?

Evervone realizes that computer hardware is not
very usetul without sottware. At first glance, there
seems o be plenty of educational software to choose
from. One organization that prepares an annual
survey of software for K- 12 apphcations reports that
some 13000 educational computer programs have
been oftered since it began its surveys in F985.

NS00
mithon per vear business and growing. with as many
as 900 companies in the field. As one might expect.

Educationa! software is estimated to be a

the educational and technical quaaty of this software
varies. Much of the educational so'7 +uare concen-
trates upon rote drill and skl practice: there is less
software available that deals with concept develop-
ment and demonstration, hypothesis testing, and
simulations of the real world to provide a laboratory
tor learning tfigure 21 Of the 13,000 educational

computer programs that the organization cited carbier

has reviewed during the past six vears. only 900, or
seven pereent. have been recommended as being

cood products.

Nosingle educational software company
dominates the field: the top 1O firms accounted for
an estimated S200 mutlion out of the total sales of

Skills Practice

Tutunal

Educational Games
Rote Drilt

Tool Programs
Simutations |

Concept Develnopment
Concept Demonstration

Hypothesis Testing

SS00 million in 1990, Many cducational computer
programs are developed by independent prograrn-
mers, and consequently many educational software
companies function more as publishers than as
product developers. The marked is also highly
tragmented «nd scattered: cach of the estimated
18.000 schoor districts in the couniry makes its own
sclection and purchase decisions, There are no
tederal or state standarc., for educational software.
cither in terms of educational content or techmeal
design and implementation. With ¢ Large number off
supplicrs tmost of theoy small). a wide range of
computer hardware in the schools. w tfragmented
market. and no overall standards or guidelines. it is
not surprising that educational ~oftware consists of
farce number of pieces. some good and some not so
good. that don’t necessarily it together 1. either the
educational or technical sense.

Staff Training and Invo.vement

The current average of somewhat more than one
computer per 20 students means that there s on the
order of one computer per class, On the other hand.
there are estimates that only between 20 and 50
pereent of the nation’s more than two miliion
reackiers use corputers in thetr work, It s unlikels
that a teacher witl use technology effecuvely i the

30 40 50 60

Perceit of Programs (Source: OTA)

Figure . Types of Educational Software
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chassroom, even if it is availablel it he/she has not
been thorough!y trained in how to use it and does not
feel comfortable using it in the presence of students,
1t also unbikedy that the technotogy wifl be avail-
able 1o the teacher i the elassroom if the school
adnunistrators, school commudees, and the commu-
niny at large do not understand how it contributes as
an intearat part of the fearning process.

Severdl vears agoo it was estimated that oniy
about one-third of wll K-12 teachers had ever had as
much as 10 fours of computer raining. Even if the
teachers hay e had some basic computer training,
they Lee the probiem of sorting through the hun-
dreds o thousands of educationat software programs
tha are avanlable o find something that is high
quabits and relevant 1o their curriculum. and that
aratches therr teachmy styvle —- it they are mveolved
i the selecnon process at dlb Thus it is not surpris-
iz that teacher traiming i one of the consistent
prohtcms aited i studies ot why the promise of
caicatonat rechnology remains largely @ promise:

toatcachens have tound wass to explont the
ot poteptul which interactise technologies
Sy Uhe cotmputer can help shitt the
S sorole from education dispenser to coach,
sichnsand encouragine cach student 1o become

eeoacine particpan i his o ber own learmime

Fhe process by which teachers appropriate
techmofouy ismore compley than that by which
teachers adopt other Chanees: Tontad fears
sevandmy technology niay need to he overcome
Betore teadchiers teelh mcontrol. Framme with
Cotprters s an ongomy precess tat takes place
Ay levelss depending upon the wacher's
sesponsibiines and the was technology s o be
aed Teachers need opportumities tor prachice
with the computer. with contimuing support trom
Irners of computer usig peers. Onee leachers
teel comfortable witli the computer as a tool 1o
help them do ther job. they Took for was s to
intestate nto therr existing curniculum and seck
oppartunities o do things previoushy impossible in

the hissroom

“Teachers use computers i way s that work

bestwith the own eachimg sty les and methods,

but those styles evolve as teachers gam more
COMpULLr experience.

“The very oppostuntties opened by the
computer can create more work for the tewher,
making the job harder mitially . Although the
compuier can minimize some administratinve
chores and case classroom disaiphine, other tiasks
which accompany computer use cindividualizing
lexsons, matching sottware to the curriculum,
scheduting student computer time. monitoring usce.
providing assistance, and troubleshooting )y add
net burden to the teacher’s time in the short term.

“Any further investment in technology tor
education must factor in teacher tramng and
support. whether that ettfortis focused on a few
specialized teachers or on all teachers.™
Power On! New Tools for Teaching and Learnine.
Congress of the United States. Otfice ol Technology
Assessmient, September 198K

Until the classroom teachers have sutficient
training (o feel comfortable using modern technol-
ogy. it will not become an integral part of the
learning process in the schools. Nobody claims that
computers will reduce the need tor teachers. The
teachers will still be in charge of their classes,
although their primary role may gradually shatt from
delivering information to oversecing and managing
the learming process, Information sy stem technology
kas demonstrated amazingly rapid growth and
change during the past 30 vears. and that pace is
unlikely to slow down in the toresceable future.
There will be new things to fearmn and to try out. and
training will be a continuing challenge. Formal
training is expensive and time-consuming. and so the
need is for educational software that is user triendiy.
with a standard ook and leel to minimize the need
tor retraining cach time a new software package or i
new machine is introduced into the classroom.,

The Schools Are Not Rich
Thie public schools clearly do not drive the

development or application of information system
technology. While ULS, schools may have acquired




three mithion personal computers at g cost of $2
billion during the past 10 years. that is a small
fraction of the 43 million personal computers that
have been purchased by private businesses and the
covernment during the same period. The $300
million per vear educational software market may
seem substantial - undl it is compared 1o the
estimated S30 billion per vear that the defense
department spends on software. A marketing
rescarch study tn 1990 indicated that the typical
public school would spend only S35 per student —
fess than one percent of its budget - on mformation
technology during the 1990-1991 academic vear. In
tact. the public schools are not even the dominant
market for raining materials, The total spending on
public schools in TY90 was approximately $200
bithion: during the same period. business and
mdustry spent S210- 230 billion tor training. The
business commumity has tound that computer-based
nstruction pays off: worker-education departments
of LS employers are now spending an average of
S percent of ther in-house education budgets on
computer-based instruction - ahout 300 times more
than the public schools spend on compur-r hardw are

and soltware tor education.

While computer-aided instruction has been

shown to be effective. 1t s also expensive in terms of

mitial developnient costs, Depending apon the
nature of the subject matter. the degree ol student
mteraction and branching that is provided. and the
extent to which mulumedia resources ure used. the
amount of devefopment time required to create one
hour of mstruction to be delivered via computer
ranzes from TO0 hours to 1,000 hours or more. This
development ettort reguires skills m both the
intormation technologies to he used, and the subject
matter to he taneht. At iy pical Tabor rutes for high-
technotogy industnies. the cost of developing one
hour of “courseware™ (the instructional nuterials
hat are created tor presentation to g student using a
compuiery can range trom S3.000 10 $50,000 or
more. At these rates. the development cost tor the

courseware 1or a one semester course might range

from $30.000 1o hundreds of thousands of dollars.
Individual schoob systems have neither the money
nor the market potentiad io refv upon custom-buwilt
cducational software for their locul needs. Clearly.
the development costs need 1o be spread over as
farge o user base as possible. For example. it a
package that cost 100000 to develop is used by
300 schools. ity costis only S200 per school. and its
value may spun many courses and vears of use. The
schools will have to find. adapt. use. and share
standard cducational software and courseware,
including that developed tor the Lurger commercial
and mifitary markets.

Nobody Is In Charge

There s no overadl tocus., leader, or manager for
the apphicanion of technology in the pubhic schools,
The majority of the tunding. and theretore the
control over what will be purchased and used in the
schools. comes from the 30 state and 18,000 local
sovernments that operate the schools. In TO89- 1900,
only six percent ol the estimated S200-215 billion
annual budget for the public schoois, oe S12 13
hillion. came from the tederal Department of
Education. and as Jittie as $T-10 million of that total
niy have been devoted to the application of technol-
ogy 1o education. In contrast, the Department of
Defense spends onthe order of $200 million
annually on research refated to high-tech teaching
and learning. There are of course many inttiatives
the individual states and local schoels to appiy new
technology . These range from simply putting niore
computers in the classroom to installing satellite
communication terminads to support “distance
learning™ and huilding model “schools of the fure™
with multimedia technology and networked comput-
ers meevery classroom. These Tocalized initiatives
are certainly helpful. but they run the risk of beiny
fragmented and duplicative in whole or i part. In
the absence of standards tor the development and
integration of educational software. it is unhikely that
the products ot local initiatives will be usable and
supportable throughout entire states or the nation as
a whole.




THE IMPORTANCE OF STANDARDS

The business communuty and the tederal
coverniment have been leaders in the development
and apphication of advanced mlormation system
technologs over the past 30-40 vears. During that
period they have gone through at least four genera-
tions of iechnology and system architecture s, starting
with the original Lrge mantrame vacuum-tube
computers that operated inacbatch-processing node
and progressing through transistorized computers.
time-sharimg systemse and mintcomputers to the
current generation ol personal computers. personal
workstations, file servers. and host processors al!
connected by communication networks. The public
schools are muciy fess advanced inthis arena and
fieve anopportunity to tithe advantage of some of the

lessons thut have been fearned.
Open Systems

Hos unrealistic to expect that computers built by
asinete manutacturer sl eventually be the only
ones 1o be used mthe classroom. Competition
among dilterent companies is responsible for many
of the advances i the pertormance of mformation
systenmis and the reductions i the costof the prod-
s, Noconsumes - pubhic school system, bust-
NS, OF TOVerIent ageney wants to became
focked o w single source ol suppls. Furthermore. it
i~ unrealistic o assume that computers built by a
single manutacturer will e the best choree for all
apphications. Fmnally. the rapid advances in comput-
ersand assoctated equipment will continue, and
consequentiy paths tor uperading current cquipment
must be availuble, Theretore, the preterred situation
i~ tobe able to my and mateh hardware from
ditferent vendors and replace mdividuad preces ot
cquipnient with newer, more capable ones as they
hecome available without having to scrap evenvthing
chse. This situation can be achieved with an open
svstent architecture. The open system philosophy s
in contrast with earlier closed system architectures
and proprietary designs that individuad computer
manutacturers developed to gain and maintain a
competitive advantage.

The key step to butlding open systems is to
stundardize the intertaces. not necessarily the
hardware itselt. The interfaces that are mmportant are
the interfaces between mdnadual preces of equip-
ment. the interfaces between the computer hardw are
and iy ~ottware. the intertuces with communication
tinks. and the mterfaces with the users. This leads o
stundard programming fanguages, standard compuier
operating systems, standard representations and
formats for data storage. standard database aceess
languages, standard mechanisms tor the protection
ol sensitive datas and standard communicition
protocols. Individual educationa software packages
will operate wirhin this structure, Tndustry and the
federal covernment have already come o the
conclusion that open systenm architectures are the
right approach for the future, and they have sutti-
cient market dominance to toree the hardware and
software vendors to otfer products that will work in
an open environment. The pubhic schools need 1o
take advantage of this approach and the products that
support it There are no open system standards for
the educational market yet. but they will be neces-
sary and will most Iikely be closely related 1o the
stndards bemnyg implemented tor the commeercial and
covernment markels.

Sharing and Reuse

Individual school svstems cannot altord the
custom development and integration of educational
software for ther own use. The same statement can
obviously be made about texthooks. and no school
system expects o develop its own textbooks, The
alternative to custom development is the use of
stundard. compatible products that can be used by
many schools. The need for standards is obvious:
they permit development costs to be spread over a
large number of users. and they ensure that the
products meet at least a mmmum set ot require-
ments, Standards are bencticial to the producers as
well: products that meet the standards have an
inherent “seal ol approval™ and access to a paten-
tially very Jarge market. There already are standards
and processes tor the creation and selection of
texthooks to support various courses and curricula.
No standirds and selection processes comparable o
those for textbooks exist yet for educational soft-




ware, and an organization and mechanism to
establish them is not in place. We need to find a way
10 create the necessary standards and processes if
compulter software and courseware are 1o become an
ntegral part of the mainstream fearning process in
the public schools.

There are already a number of sources of
cducational software. They include commercial
developers and publishers of products for the K~12
cducation market. other schools | industry (which has
made major investments in technology for training).
and various departments ond agencies of the federal
gsovernment (particularly the defense department
which has been a leader in tie development and
application of computer-aided instruction). The open
system architecture that has been described provide:
a framework that will permit hardware and software
from ditferent soarces to be used in an integrate]
manner. While this open framework is necessary, it
is not enough. A potential user —- a classroom
teacher or a student — needs access to the materials
that already exist. This implics a need tor databases
and reposttories that provide:

s Information on what is avatlable, who uses it
and how to get more information — tor
example. wnat software is avaifable tfor an IBM
PC that provides instruction and problems in
trgonometric wlentities, or what videodisks
include sull or motion images tHustrating od

spitts.

A assessmient of the gualbity and educational
utithty of products and resources that are
avarlable  sort of a Consumers Unjon tor
cducational software, courseware, and other
materials. The assessment has to be in terms of
standard performance criteria and has to be
hused upon real experience by real users -
students, teachers, and school administrators,
The assessment needs to include performance
measures (metrics) as well as subjective
evaluations. In addition to covering the
cducational value. the assessment needs to cover
the technical design and implementation of the
product.

10

» The materal itsell — software. courseware,
video, audio — ina form and format that 1
directly usable. Access for demonstration and
evaluation should be possible.

These databases and repositonies need 10 he
comprehensive and easily accessible to the end users
—- the teachers who are planning and preparing
lessons and courses. and the students who are doing
projects or seeking supplementary information on a
subject. The materials also have to be casy to use
once they have been found. which feads 1o the issue
of user intertaces.

User Interfaces

I computers are to be used eftecuvely in the
classroom, the users — the teachers and students - -
must be trained to use them and must find them casy
to use. The need for open system architectures and
the ability to use hardware trom different vendors
has already been stressed. Thus, the students may
tind that they are using different compuiers as they
move from one subject to another. from one grade to
another. or {rom one school butlding to another.
Even if the same hardware is used i all subjects,
grades. and butldings. the sottware packages will
maost fikely be different. While this diversity tukes
advantage of the benefits of the competitive market-
place. it brings with it the need to train teachers and
students how to use cach software package on cach
machine. The costy and Jost me associated with this
retraintng and the potenal tfor errors as the teacher
or student moves from aae application to another
can casily make the technology more of a burden
than a usetul tool. To minimize such problems,
special attention has to be given to the interface
between the computer and its users.

When tyvpewriters first began to appear in
offices. the importance of a standard kevboard was
quickly recognized. All typewriter manutaciurers
adhere to a standard layout for the basic kevs. The
user's interface with a computer is more comples
than a typewriter kevboard (although a standard
keyboard is trequently an important part of the
interface). The computer interface involves what the
user sees on the computer display and how he/she




can interact with that display to control the operation
of the machine. The two critical characteristics are
that the user interface should be casy to use (user
friendly) and consistent from one application to the
next. User friendly interfaces permit the teacher and
the student tonteract with the niachine by making
choices from “menus” of options. by selecting things
through pointing at pictures of objects (icons). and
by other simitar ntuitive actions. Intertaces that
require the user to master an abstract command
language are fess user triendly, require more time to
fearn. and require continued practice to maintam
proficiency. Consistency means that the user
intertaces for different applications should have a
similar look and feel and produce similar results for
stmifar actions so that a person who Knows how to
use one application does not have to start alt over
again to learn to use another. For example. some
computers and sotiware pachages make extensive
use of funchion heys £7F Key<™) 1o control process-
ing. W with one application the F4 key causes the
contents of the current display to be printed (saved)
white with another application the B4 key causes the
current information to be erased (destroved). the
opportunitics for user confusion and error are
obvious. The principles and standards of good user
iterface design have been leamed from experience
and can be applied to educational software 1o help
reduce the traming for new programs and to let the
teachers and students concentrate on the subject
matter rather than on how 1o cope with the computer.

The interface between the computer and the
teachers and students can be thought of as the tront
end - the part that is immediately visible 1o the
users. As technology becomes an integral part of the
school environment. individual computers and
software packages will not be used i isolation.
Instead. the machines will be connected by commu-
nication networhks so that students can work together
cooperatively on projects and teachers can monitor
student progress. A computerized curriculum
management and assessment system was described
carlier in this paper. For such a system to be useful,
it must capture data on individual student pertor-
mance. This becomes casier when computers are
also used to deliver instructional materiaf and to test
the student’s mastery of that material. In such an

environment. links between the computer-aided
instruction system and the computerized curniculum
management and assessment svstem are obvious and
necessary. Again, standard intertaces. but not
necessarily common hardware and software. are the
key. These back end intertaces are not directly
apparent to the students, but they are important if the
teachers are to have direct. timely access to indi-
Vidual student performance so that the instructional
process can be talored to meet individual needs in
time to make a difference.

Technical Support

The farge-scale introduction of technotogy into
the public schools means that an infrasructure of
computers, software. commumcations networks, and
related equipment must be instalied. integrated.
operated. and maintained o keep it working eftec-
tively. The need tor this kind of technical support s
well recognized in the business and government
organizations that already have large automated
information systems. Computer manutacturers and
independent companies routinely provide the
necessary technical support services — for a fee.
The public schools are never hikels o be able o
atford professional engineering services at a rate of
STOO.000 or more per statt yvear. Theretore, we need
to find other ways to help the schools install.
operate. and mamtam ther technology infrastructure.

The things that have already been described will
help. Open system architectures will minimize the
problems associated with installing. adding. and
replacing hardware. Standards for educational
software together with databases that identity what s
available and how 1t performs will case the selecnon
and integration process. Consistent. user fricndis
interfaces between the software and the teachers and
students will reduce the retranmg foad as new
software is brought nto use. These steps.in conjune
ton with technology traneng tor teachers and other
staff, may create a sitation i which much of the
necessary techanical sapport can be provided by
personnel in the schools. For example. one or a few
teachers in a school might become the on-aite
computer experts and mentors tor the other teachers
and students in that school. They would be the ones




who answer guestions when problems arise. and they
would be the ones who first feam how (o use anew
software package and then show others in the school
how to use it This approach won’t work it the on-
site technical support role s simply added oo top ot
those teachers” existing workload. so some accom-
modation such as addittonal compensation for extra
time and/or a reduced teaching load will be neces-
~ary. Other possibtlities exist within the context of
the vocational high schools. Computer installation
and repair is a major industry that will continue to
crow . and the vocational schools need to traim
students to enter that field. Vocattonal students could
provide echnical support tor schoot computers and
communication networks as the hands-on part of
their training. and that practical experience should
ncrease their value o potentral employers when
they eraduate.

GETTING STARTED

We began this paper by observing that technol-
ogy is becommye mereasingly important for the
public schools. both s o tool to aid the learnmg
process and as asubject to be studied moats own
right. The apphication of mformation system
technology in other arcas during the past 200 30
vears has hopetulls taaght us some lessons. The
nstorical path has been expensive and slow . The
process began by stmulating the demand and
apphving the new technology 1o specitic problems on
an ad hoe basis, Viendors developed and promoted
proprictars products for their competitive advantage,
Both products and apphcations grew, and the result
after a while was an mcompanible collection of
Ustovepipe” systems that become increasingly more
ditticult o integrate. expensive to maintain, and
technologically obsolete as new products were
devetoped that offered more capability but could not
be integrated with what the users already had.
Patchwork fixes were required to keep things
runming and to respond to new needs. Eventualty, the
need for standards, commonality, and an overall
architecture and support infrastructure was recog-
nized. and this led to the wholesale replacement of
the carhier system and the investment in a new

generation of hardware and sottware. Unfortunatels .
the replacement of the carlier pencration of systems
i~ neither quick nor cheap. The conversion o open
systems and standard products may the 310 vears,
during which time portions ot the older system have
10 be kept in operation and supported while the new
system is being put into place. The conversion or
replacement of the sottware 1« more ditficalt and
costly than the replacement of the hardware. The
public schools do nothave to start at the beginning
and fearn the same lessons on their own. Open
svatem architectures and standard interfaces. sharing
and reusing educational software from many
sources, consistent and user fricndly computey
interfaces. and a techmeal support infrastructure that
takes full advantage of resources in the schools
themselves can be putinto place at the sume ume
that the schools are integrating technology mto the
cducatonal process and curniculum. We need o
demonstrate that thes approach will make o
difterence.

Start at the Local Level

The federal government s not the major source
of funding for K- 12 cducanon and does not cur-
rently have arole or mandate for establishing
stindards for educational technotogy . In tacts the
federal government’s current approach is to encour
age focal inttiatives and private indusiny to create
new Threak the mold™ schools, evatuate the resulis,
and then decide which ot the new adeas should be
replicated i other schools, Theretore. we need to
start at the Tocal fevel as well, We Tunve selected the
Springtichd. Massachusetts, public school system as
a place to start. The Springtierd systeni s large
enough to present a broad range of challenges. b
not too kirge. The svstem has 24000 students in )
schools. Tharty -eight percent ot the students are
white. 33 percent Hispamie, 28 pereent black. and 2
percent Astan: 15 percent of the students are in
special education classes. Currently, more than 40
pereent of the students in Springticeld drop out of
school betore graduating. More important. the
Springtield school admmistration is interested in
making systemic changes to improve the education
for all students and is wilhing 1o take risks by trving
new approaches. In 1991, the Springtield school




department began to explore the possible uses of
technology throughout the school system and
determined that technology could be central to the

success of its program of school renewal in a number

Ol HNPOFLANT Wik,

Work With a School Sy
Improve

stem That Wants To

Tawo and a half vears ago, Springticld began a
comprehensive school renewal etfort with a plan that
has a single goal: o ofter all students access to
ety and academic excetlence. regardless of their
cthnie, sovtal, or economie backgrounds. In the first
two phases of the program. Springficld restructured
its schools by giving parents far more educational
options than they had m the past while at the same
time moving the system further toward the goal of
racial batance. Next. they totally reorganized the
vrade structure of their schoads by creating K- 5
clementary schools, middle schools, K-8 schools.
and four vear high schools. Finally | they naugurated
school hased management in all 46 schools. Having
mmplemented these first steps i the restructuring
process. Springticld has now begun a third phase in
school renewal which s focused direcdy on making
d posiny e mipact on students and teachers in the
Classroom.

Coentral to this Tatest phase ot renewal is the full
mplementation of o solid curricutum that specifies
voals and outcomes for which both the schools and
the students are accountable. Consequently. Spring-
freld has begun to develop, with echnical hetp from
MIETRE and assessment help from the Educational
Testing Service (BTN win assessment systeny that
will momtor bow well individaal students and the
svatem at large are achieving the goals that have
heen setin all curnculum areas. Springtield is
developing ity own assessment system hecause the
assesstnent systems currently avatlable to schools
are madequate tor a number of reasons. First. they
assess only a tew of the curriculum arcas that
schoals teach, Second. they assess only a simall
fraction of the goals and objectives that are covered
by the curriculum arcas that are tested. Finally. the
data that schools do gain through currently available
assessmients s relatively inaccessible to classroom

teachers and is theretore largely unusable in making
day-to-day educational decisions for students. The
appendix describes one unsuccesstul attempt to mecet
Springticld’s needs with an existing assessiment
systent.

Springticld has recognized that if schools are 1o
doan effective job ot teaching all students. they
must do a much better job of managing mstruction.
It individual students are not achieving. teachers
need to know exactly where they are having ditti-
culty so they can intervene quickhly with new forms
of instruction to help them attain curriculum goals. It
large numbers of students are nog sueceeding.,
teachers also need to know that quickly so they cun
develop new ways to deliver instruction for whole

classes.

Technology is also being explored as a method
of classroom instruction, 1t is clear that the Class-
room of the tuture will make regular use of a vanen
of technologies for direct instruction ot all students.
1t is also clear that technotogy with hetp schoot
systems meet the needs of students who have not
succeeded in traditional educational programs ¢
at-risk students). As was noted carlier, about 30
pereent of Springtield students currently drop out of
school. The system cannot aceept this type of failure
Programs must be developed to keep students in
school, but it s also important that these programs
ofter students a quality education and not just a
diploma granted to them tor scat time. Programs
must be developed that incorporate the use of
technology and are targeted tor all students. whether
they are at risk or not. The programs must challenge
students and offer them genuine opportunities to
learn the skills they will need to hive and work in the
218t century.

Springfield’s goal is to develop competency -
based alternative programs that take advantage of
computers where appropriate (o help manayce the
educational process and to help deliver instructional
material. This will give students who. for one reason
or another, are not succeeding in traditional pro-
grams the opportunity to learn required material at
their own pace. Teachers will still play a central role
in the education of these students. The teachers may




use i computer to help monitor student progress
through the curniculum, but they must also establish
ongoing. caring relationships with the students. A
computer-based management system can help keep
alternative programs such as thisone and the
students inthem - firmiby connecied to the carnicu-
fun and to the school system that s accountable for

s guadity .

A computenized curnculunm management and
assessment system s at the heart ot Springtield’s
attempt to otfer all students, regardless of ther
mdividual needs, the acadennce programe they
require tor success, It basie to school renewal. For
mainstream students, it otters constant feedback,
alowmg teachers 1o mahe adjustments m the coptent
ar dehvery of Tessons, For students wath special
necds, it Reeps them within the curniculum in
substantinve programs, focused on outcomes they
need o learn 1t they . too, are to recen e qualin
cducation that will mean something i the market-
piace. In tact. such assstem wall become the
toundation for alf the programs deseloped i
Springicld and tor all turther use of technology
because 10wl mterrelate and give teachers and
administrators aceess toa number of important
databases. The student database. which s carrently
isolated trom mstructional data. can be incorporated
mito the total intormational grid. Intormation on
student achievement could be merged with other
student data and readity retries ed and shared with
teachers, students, and parents. Teachers throughout
the system would have umely informaton on
instructional resources that coutd be tsed to weach
spectic curricilum goals and objecuses. Computer-
managed instruction would produce a tlow ot
mtormation for use thronghout the entire sy stem

Create an Industry Gosernment Partnership

Many of the deas i this paper have come from
MITRE s work tor its government sponsors.,
mcluding work on the des elopment of compuier-
hased training ssstems tor the nilitary. MITRE S
arca of expertise iy information system technology

Computers. soltware, COmmunication svsiems,
cte. tora wide range of defense and non-defense
applications. MITRE is pursuing the application ot

technology 1o the public schools as i pro b
activity consistent with its role as a not-for-profit
corporition that engages i saienttic and technieal
activities for the public good. However. the mitative
will need the resources ot other orgamizations 1l 1t s
o succeed. The Air Foree, speaitically the Electronie
Syatems Center (ESCY of the Air Foree Maternied
Command. will be a partner wath MITRE. The
detense department and the Air foree are feaders in
the apphication of technology o traming and
cduesdional purposes, and there is adesire und an
opportunity to transition technology that has been
developed for defense applicanons tothe i than
sedtor, ESCHs the organization responsible for the
development of advanced Aw Foree mtornntion

SASTeIN,

Both ESC and MITRIE are Tocated in Massachu-
setts, swhich s the home of major computer matuiac
turers, software companies, and other high technol
oy mdustry s As the mitiative proceeds we evpedt
that a number of companies will also participate
While thew untad participation aun be o contnbule
goods or services, the reason why indusiry particrpa
tion 1 crircal poes bevond that, The theme of this
paper has been the fundamental importance o
standkards for educational technology produocts
Industry s the developer and sappher ot those
products. By having mdusiry involved from the
begmnimg. the resulting standards and open system
archiectures wall hopetulls be viewed as steps thi
open new murkets and theretore stimulate the
desclopment of more and betrer products

Follow an Esolutionary Approach

Fhe overall objective is to ereate o structare and
approach tor educational technology that can he used
throughout a school system and eventually through
out the state and the nation. However, that objectine
will take time sinee it depends upon both the rare at
which the necessary intrastructure can be descloped
Ao pui to place, and the rate at which the schools
can assinilate the changes. Theretore. we will begin
with some specttic activities that may be limted i
scope bat can serve to demonstrate and venty the
hisic concepts. and we will do that within the
comtext of an overall vision of what we hope to




accomplish ad a long-term plan tor growth and
expansion. Our near-ternt activities melude:

» Creatimg several technofoey -based classrooms
ar an cducanonal rechnology resource cenler in
a Springficid schooi duye the 1992-1993
schoob vear, These swatl iclude a substantiaf
nwnher of computers for students and the
teacher interconnected with a Tocal arca
network (AN and connected o external
commumeation netvorks as well They may
alsonclude mulnmedia devices such as CD-
RONMS and interactive videodisks, Ditferent
cducational soltware pachages and tools wonld
be mteprated movanous wavs and 1o various
degrees to evplore the mipact of difterent user

riterfaces upon students and teachers,

Creating o rapud prototype of a computerized
curriculam management and assessment sysem
that could be used to evaluate the utility ot an
expanded. accessible database on student
pertormance as o monitornyg and diagnostic tool
for the classroom teacher This prototy pe nunght
deal with a single classsatew classes within a
stinzle school, or an entire school. Regardiess ot
the mnal scope. the underlviny design must
retlect and accommaodate the educational
curriculum and be scalable 1o permit expansion
througchout the entire school systein onee the
concepts and requirements are frrmed up
through ey aluations with the prototy pe.

Integrating the protots pe computerized
curriculum management and assessment system
with the educational software packages mthe
technology -hased classrooms to prosade a
vehicle tor developing and evaluating both
front end and back end intertaces i an
mseerated student-to asessment system
cnvironment

Creanng an casily aecessible repository of
educational technology materials isoftware,
courseware. video, audio, eteo within i school
that would melude not only the matenals
themsehves but also deseriptive information
about them and evaluations by prior users to asd

students and reachers woho are seching arterial
tor classroom use o supplementans referency
The repositony o which nugeht reside i acona-
puter i the weehnojogy -hased clisssroom. wonlid
also he extensible by the users sothat they could
add to the oy aluation database o retlect then

OW I CAPCrIence anid suggestions,

Preparing aomaster plan tor the systemie use of
cducationad technology i the school systemn
accordance with the concepts desenbed carlier
s paper open systemarchitectures and
standard wnrertaces, sharine and reusmy
cducational ~ottware from many ourees.
consistent and aser triendhy computer mtertaoes
and a techmical support mtrastructare that takes
full advantage of resources i the schools

themiselves,
Help the Teachers

Teacher commutment and carly mvolvement are
caserttial tfany of these efforts are 1o succeed. We
will bring the classroom teachers into the partnership
m wo ways: by providing training on modern
infornidon system technology, and by providing
ool 1o help with portions of the teachers” workload
Modern otfice automation tools such as word
processing. spreadsheets, computer graphies. and
clectrome mail can help the teachers i some of the
administrative parts of their johs. Other tools such as
the computenzed curricufum management and
assessment system deseribed earlier can help the
classroom teacher concentrate on the overall
management of the educational process tor cach
individual student.

The industry/government partnership described
carher represents a substantial amount of technical
expertise that can be tapped tor imtial training and
technical support. The teachers who will use the
technology will be imvolved in the planning and
development process so that they will be comtort-
able using the products in the classroom. We have
already taken the first step in that direcnion with a
“Technology in Educanon™ workshop at MITRE to
16 Springticld teachers this summer. We will foster




vonbiued participation by workimg in the schools
with the teachers during the planning phase o

understand firsthand the chatlenges and the opportu-

nities. Weawallalso continue to bring selected
teachers to mdustry tor summer internships that will
provide fiesthand exposure o the hinds ot technol
ogy that can be apphed to the sehools turther
traming m the use of that technology - and work on
the detatled planming and implementation of subse-
yuent phases of this program,
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APPENDIX

FEXPERIENCES WITH ONE COMPUTERIZED
SYSTEM

Prior to MITRE s involvement. Springfield
made an inital attempt to implement a computerized
curriculum management and assessment system for
the Springficid schoots. based on adapting an
existing commercially available software package to
that purpose. The existing package permitted users
tteachers) to define and maintain a database of
learning objectives for cach grade and subject. Test
questions keved to the learning objectives could be
entered and stored in a database and then used by
teachers to create tests. Test results and other teacher
assessments could be entered and various reports
could be generated to assess student performance as
well as the curriculum. The package also permitted
the users to creaie a database of resources keved to
the fearning objectives.

One of Spriagtield’s tirst requests for MITRE
support was to help determine if the package they
had purchased would be adequate as a system-wide
assessment system. After meeting with teachers
imvolved ina pitot test o the package. it was found
that the package was never used very widely within
the school system For avariety of reasons:

« The user mtertace was complex and ditticult 1o
use. The ortginal version of the commerctal
software package was released in 1979, The
wser/system intertace was similar to other
software developed in that time frame. with
many fevels of menus and tunction Kevs to
select options. Users were rguired 1o nuake
many selections to access a desired tunctional
capabihity fe.g to find a test question Keyed to
an instructional objective s, In many cases. the
user had to repeat the same process to make
multiple selections (e.g. to create a complete
test that covered multiple objectives). The depth
of the menus also required effort o fearn and

was casy to torget. Newer systems provide
araphical user interfaces that are much more
intuitive and easier to 1se.

The existing software package did not allow a
user to generate products (e.g.. aset ot test
questions or report) that could be exported to a
word processor for editing. Teachers had o
print the test questions from the computer’s
database on paper and then literally cut and
paste to create d test.

The existing package did not provide the
capability to generate and store graphics te.g..
charts, graphs) with test questions. Therefore.
any graphics associated with a test question had
to he stored in a separate physical file, or there
had to be enough information in the test
guestion to enable the teacher to construct the
graphic manually.

The software package had limited information
security provisions. [t provided access privilezes
to users by location. where a location corre-
sponded to a school. I a user was given read/
write access to a location, he/she could access
and modity all of the teacher files for that
location. Only the “owner™ of an individual tile
should be able to modify the contents ot that
tile. and only a subset of the users at any
location should be permitted to examine an
individual file.

The database for this curniculum management
and assessment systent could not interact with
the student database. The commercial packoge
could import initial fites of student and teacher
data to set up its internal databases. However.
after the initial setup. the databases had to be
updated independently. Furthenmore. the pack-
age could not export data to another database.
Providing a database export capability would
have required custom software development
which the school system was unable 1o do.




The basic concepts underlving the commercial
software package (e defimng learning objectives.
and keving other imformation to the fearning
objectives) were consistent with the school system’s
objectives. However, limutations in the implementa-
tion made the puckage very difficuit to use and
required an mordinate amount of additional manual
activity. Teachers were reluctant to learn the
complen interface and became frustrated by the
amount of effort required. The Jack of information
seaurity also raised questions about student privacy
richts and concerns over ampering with data.
Finally. the intlexibiiity of the implementation made
it very ditficult wo modity the package as the school
svatems needs changed. Untfortunately. these

hmitations were only obvious atter an extended trial,

fn retrospect. this experience il trates two of the
chalienges o be tuced m applying technology in the
public schools: 1D the difficulty of selecting a
software pachage that wilt previde the capabilities
that dre needed tor a specitic apohication, that is casy
to use. that can bentegrated into a larger total
operating environment. and that will provide a path
tor gronth and adaptation: and (2y the importance of
providing adequate training and continued techmical
support for the end users of sortware packages.
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