
.ED 257 659

"AMCOR:
TITLE

INstiTuTroN

S AGENCY
P TE
CONTRACT

-NOTE

PUB TYPE
7

EDRS PRICE
DESCRIPTORS

IDENTIFIERS

ABSTRACT
-This study analyzed the extent to which

oppportunities created by computer.technology 'addresses the needS,in
school science and mathematics instruction and determined what the
appropriate microcomputer response's might be to those needs.
Information was gathered by obtaining descriptions of most available
softwerevreviewing published software evaluations, grant-supported
software development projects, and a broad selection of-software; and
by consulting experts in the field, school personnel, and software
developers. Findings are reported as theykrelatte to the
state-of-the-art (considering software developm ent, adbilability,
topic coverage, evaluationy in4ormation dissemination,, and
acquisition and use) and to software potential (examining software
for increasing learning/ foF greater achievement, and kor improved
teaching'productivity and reduced costs). Three findings are these:
although software development is expensive and risky, software
production is high; schools allocate inadequate resources for
software acquisition; and software can increase the range of science
and mathematics successfully covered. Recommendations based on these
and other findings, focus on teacher training and support., software
development (particularly software that promotes problem-solving
skills), classroom implementation, research, and ways.to disseminate
information about software (such as microcomputer resource centers
and software reviews). The report concludes with an extensive
bibliography followed by three appendixes: (1)/ a list of names and
addresses of math and science software vendors, (2) a paper by Harold
G . Peters entitled "The Future of Computers in Science Education: An..e
Imaginary Dialogue," and a directory of sources of software
information. (JN)

DOCUMENT RESUME

3 SE 0456755

Tinker, Robert F.
Science and Mathematics Software Opportunities and
Needs OAMSOW) Project. Final Report.
Technical Education Research Center Cambridge,
Mass;
Department of Education, Washington, DC.
Aug 64.
400-82.-0022
167p.; For the related executive summary, see' ED 241 4/
320. Appendix C contains margiially legible print. "r
Repbkts Reseirch/Techiical (143).--',Reference
Materials - Directories /Catalogs (132) 4

MF01/PC0741usTostage.
*Computer Software; Courseware Elementary Secondary'
Edutation; Higher Education; Instructional Material
Evaluation; *Material Deveiopment; Mathematics
Education; *Mathematics Instruction; *Microcomputers;
Science EduCation; *Science ;nstruction; *Teacher
E
Ma hematics Education-Research; Science Education
R eirch; *Software Evaluation

a



VS. DEPARTMENT Of EDUCATION'
NATIONAL INSTITUTE Of EDUCATION.

CY%
ED ATONAL RESOURCES INFOFIMATtelfT

CENTER1EfilC)
The ducumsor his been. reproduced is

rocieweld hum the person or orgemzettoo

4410 milerwroga

tiMoor clunges Revs been made to mprove

reguoductson quelny.

Li Ponts of yew or opemono stated in this docurj mint do not otsceseents represent &Wel NIE
position or po)rcy

C=1

t

Contract No. 400820022

Office of Research and Educational.
`Development

U.S. Department of Edication

.

4

SCIENCE AND MATHEMATICS
SOFTWARE,OPPORTUNITIES
AND NEEDS. (SAMSON,) PROJECT "4:

I

Final Report .
N.

O

Submitted by:
Technical Education Research Centers
1696 Massachusetts Avenue
Cambridge, MassachuSetts 02138

Auglist 1984 410

1.6
N

ND ".

.

Any opinions, findings, conclusions, or recommendations expressed
...e

in this paper are those'of the authors a do not necessar41y
reflect the views of the U.S. Department ot Education.

10

e

V

5.

4



I
0

Chapter I.

Chapter U.

Chapter III.

Chapter- IV.

Chapter V.

TABLE OF.CONTENTS

Introduction,/ 1

Samson Project Backgrld
A

ow opmle..9

A. 1%pproach...,..4... 9

B. Metho4ology

C. Restriction to Mathemat*cs and Science

Survey of'Needs

A. Needs: Frdm the Experts

B. Needs: From the Field

The State of the Art

A. Software Developbent,.",

B . Availability,
.

C. Topic Coverage

D. Evaluation

E. Information Disseminatton

F. Acquisition and Use

Software Potential ,

A. Software for Increased Learning

B. Software for Greter Achievement--

I

9

14

IW

18

19

21

21

31.

38

56

60

61

.67

67

77

C. Software for Improved leaching Productivity

Chapter VI.

and Reduced Costs A e

Recommendations' t

1.81

84

AI Teacher Training sand Support 84

B. Software DevelopMent 87

C. Clagsroom Tmplement.a)tion 89

D. Research §1

E. Software and Information Dissemination 92

F. .Conclusions 94

Bibliography 95

Appendix A. Math and Science Software Vendors 115

Appendix B. The Future of Computers in;Scien&t Education:
AWIMaginary Dialogue, by Harold G. Peters 123

Appendix C. Sources of Software Information 135



1

S

v

SCIENCE, AND MATHEMATICS SOFTWARE OPPORTUNITIES AND NEEDS

Robert F. Tinker

Technical Education Research Centers
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I. INTRODUCTION

The current state of mathematics and science.,instruction'in
U.S. sch9ols is inadequate to the need's of s'technological
society. At the same time, here are major develsopments underway
in the form of increasingly vbwerful microcomputers and
sophistilated educational software. To what extent can the
opportunities created by computer technology address the;nees-
that are being:uncovered in school mathematics and sciehce
instruction?

/

This question is the subject of the following repor,t, a-

summary of research performed for the U.S. Department of -

Education between September 1982 and, May 1983. In ad4essing the
topic, within the province of mathematics and sOencir
instruction, we have obtaineld descriptiions'of most available
software, reviewed many published softyare evaltiations, acquired
a broad selection of software, keviewed most grant-supported
software, and interviewed a wide ,range of4schers, supervisors,
.school administrators, stool suppoit persohnel, and software

developers.

4

-There seems to be general agreement that instruction in math
and science at the4precolIege level is in ser/rous trouble in the
United States today. At, the same Lime, microcomputers are being
installed in schools in record numbers.. Will these
microcomputers have a significant effect on improving 'math and
science education?

7 '
In order to investigate this question, we have carefully

examined most of the software available and also interviewed a
large number of computer-using teachers in math and science. All
availdhle evidence seems to indicate that software can improve
learning, lead to greater achievement on the part of,stadents,
improve teaching productivity, and reduce costs: As software
developers gain more experience with educational applications and

4.
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the available hardware, the quality and educational value of thesoftware seems to rise. Products which are entering the markethave been'carefully developed, often with Federal funding, and'represent solid additions to the resources available toteachers.

We feel that' the more creative software} such as ,

simulations, microcomputer-based laboratoTiep and databases, havethe greatest poteatial4to substantililly increase the amount ofliarninethat can take place at the precollege level. Softwareof this sort can address process-oriented goals, such asproblem-solving and scientific thinking, as well as give studentsan increased understanding of math and science topics.
4* '

The State,,of'the Art e

A surprisingly large amount of software is available for useon microcomputers and is appropriate for math and science
educational applications,K-12. We have found that, as of May,1983, there were 971 commerCially,availible software titles inmath and 739 in science', and that approximately 100 new titlesliere being added each monti?. To .this must be added the largenumber of public domain and locally developed software that isavailable to edudators. Significant /y, more than half of thesoftwire runs only on the Apple, especially in the more advanced
areas of math and science -where the market is thin.

In spite ofthe large number of titles, there is far from
uniform coverage df.the math and sc4ece topics that could be;aught at 'the precollege levy'. There is almost no elementaryscience software, and many, h school Math topics have no sup-porting software. For imstS. software in biology is dominatedby games and simulations, man in ecology, and 14 titles treatgenetics. On the other hand, equally important biology topics,such as human physiology and medicine, arq each treated by onlyone title.

Dissemination-

ti

It was hard enough for us with Federal funding to' locatemost of the available math and science software; it is pdtting atremendoui burden on focal teachers to expect tilem to reach the.same level of expeirtise. Not too surprisingly, we found that
'many teachers desperately want more information aboutsoftwareand are often'unawake of software that already exists.. Teachers,

/
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fid out about software through many routes, but most
importantly, through magazines and journals.

.

It is often quite difficult for-schools.to purchase .

software, since there Is a lack of appreciation ,of the AmpOrco-nc'e

of hood software, uncertainty as to its quality, and no history

of a budget for software. It wa no surprise, then, that the

most popular way that dath and s ience teachers used
computers involved no software aX all, but rather involvid
teaching how to program in BASIC. This ptatistic.is probably due

in part to-the fact that many math ,end science, instructors are
unusually..computer- iterate and are willed upon to teach computer

programming courses. Also many teachers feel that themost edu-

,cationally sound way of using the microcomputer is to have students

solve problems by doing their own progradhing.
.

4

For teachers using software, drill and practice was most.

popular. Seventy-five perCent of the respondents used drill and

practice software. AbourtWo-thirds usededucational gaWeS and
computational tools, and about half-usedsimulated labs anal other

simulatians'. In keeping with these use statistics, we find that

an even higher percentage of the commercially available titles

are either in tutorial or drill and practice style, inclu.dins-'

about 90% of those in mathematics.

Teachers have diffi lty inteskatini software into their

classroom activities. large fraction of the softwaWis single
topic; i.e., it is des gned to explicate a narrow group of ideas

in a particular discipline or.,area. Because the set of single

topic software does not provide uniform coverage, teachers must

be opportunistic at ,using software when and if ,it fits. the

material they want to cover. On the other hand, there are"some,

comprehensive.softWare packages thalt cover a range of topics over

an extended period: However, comprehensive packages,can be even

more difficult to,use in the classroom because any given package

may not address' the topics the c ex wants t% cover at the

reading level and concept...level:_ is deemed apprOpriate for

the particular classroom. The,very siipze of these packages make

them difficult to'review.

The use of microcomputers mathematics is advanced com-

pared to its use in science. Mdthematics teacherp tend to have

brought microcomputers into middle and upper schools and often

have more micrcomputers available for their use. Science teachers

may have on/1y one or a few microcomputers accessible to ihem,

and thus tend to emphasize applications such as demonstrations

that requi/re'only a single computer per class. Thus the large

number of/tutorials and other applications that assume one or

a few students per computer cannot readily be utilized by most

teachers at this time. 7
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The Software Potential

We,have found it convenient to divide software into two
categories op'-the basis of its educptional style and teaching
strategy. One style teaChes.materibl explicitly through
tutorials, dialogs, or.drill and practice. This style is by far ,

. the most popular, best reptesenied in the available products, and
the most researched. This style it probably most effective when
there are a lot of facts or procedures to be learned.' research
tends to indicate that software in this style does lead to faster
learning and, particularly in remedial applications, better
learning. Much of the resear.ctithat supports these conclusions
is based upon maiinframe computek-s communicatink with Teletypes, a

is much less attractive than the current generation of
microcompitter-based-Ifsoftware that, uses graphics; animation,. and
quiCk lniera.Ctict. Thus,' fe expedit that explicit instructional
materials preOared.today with the'best safeware would show up
even better in terms of reduted time on task and increased
achievement.

The second style'of software includes .a mumber of different
teaching strategies, all of which have the student len- through
explor'ation or use of the computer as a pioblem solv g iota. _We.
hate termed these implicit styles, since,the material to be
taught is implicit in the software but not expoundedvexplicitly.
Examplei of software in-thlds style include:

- Microworlds:4Pybernetic environments in which
students can explore and solve problems.

- Games in which the material to be learnedis an
intrinsic part of the game and must be mastered to
improye your score.

- Microcomputer-based laboratories in .which the
computer is turned into a powerful instrument
students can use to analyze, display, and save
data from experiments.

- Databases: Large collections of data that students
can access.

Tools: Software that solves specific computatioKal
or problems such as graphs and equation
solvers.

- Computer languages: Genenal purpose software that

3
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students use to program solutions to problems.

- Simulations: Models of teak situations that *
provide an opportunity foi students to learn about
systems that can't be brought into-the classroom
because of cost; time, danger, or other.reasons.

Software of this sort can address proceasa-orientedigoals,
such' as problem solving and scientificr4thinking,'as well as .*
giving students an inc eased undrstanding of math `Wand 4science
t,opt'es4 It is.. difficult to difinitIvely establish the
effectiveness of this kind of software because it is both' hard to
compare with 'other approaches .and hard to measure process,
goals. However, there is some evident and considerable expert
opinion that attests to the yall.te of well-designed software of
this kind.

Cost( Savings

Computers are, sometimes justified on the basis of.their
ability.to ldwer costs 'by allowing faculty to reach a larger num-
ber of students. There.is little evidence to indicate that this
is the cafe with present software, and little hope that savings
of these sorts wild,. be realized in the future Ain math and science
instruction. Mast teachers and administratbrs that we have ..

spoken to feel that the introducti7on'to.computers actually makes
the teacher's, job more complicated. While raising the quality of
the instruction;' it does nbt follow that thins quality Scan be
diluted over a larger number-of"students-

In certain-specialized cases, cost redtdtions have'been
achieved. When the computer is.'used to manage already existing ..

self- paced programs, some clerical costs .can be reduced. When
c

equipping laboratory,ping 4 new labo it may be less'expensive to equip it
with lab - interfaced` computers than 'to purchase the equivalent
electunic test instruments. Finally, in certain situations
where here is a lot of Iri,1i, and practice required, especially
in remediation, the use of the computer can free some, staff to
make more Vffectiye use of its time., These are the.only cases
where we found microcomputer software could result in cost .

savings. However, it is possIble that with the next round of
technology which will permit much more complex software, and

, thApugh the use of expert systems and computer-managed -dialogue,
there could be much broader, areas oncost reduction.

- 5
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A New Scope and Sequ'enc'e

op.

The most significant 'impact of microcomputer software on
education will'be throligh the changes it bath requires and makes
possible in the apprOpriete.scope and sequence of topics covered16 the school curriculum. Microcomputers allow for less emphasis,
on certain topics cAtrrently ,covered in the'curriculum and make
possible the introductIon of new ideas and new topics which prei,
.viously were not covered at a.particular-Avade love There captbe much less emphiasis on arithmetic computations an ': n rotes,
memorization'. %.101/ano geometry can be introduced much earlier and
its important Concepts can be taught in far less time: The idea
of proof by theorem, which is often linkef'with geometry,:cam be
introduced in another context, making geometry.itself more access-
ible. Numerical techniques thit are use# to solve differential
equations can be introducedias soon as students have completed
the equivalent of a firsvnrIar course in algebra, long before
they know what a derivative' is. ,

In the space created by these changes, a number of /

/
.

additional t pica can be covered. The empirical basis bf much/bf
,high school cience can be introduced in the fouxt,h, /

grade with m crocomputer-based aboratories. High schbol
students can solve college-le problems using' numerical
techniques. 'Students can be introduced throiigh the computer to
psychology, physiology, perteption, nutrition, health,
oceanography geophysics, and many other topics. Little is known
about the apiorbpriate educational levels for the introduction of
some of these ideas through the computer, Some anecdotal
evidence indicates that well-designed software has the ability tomake some very, abstract ideas 'quite .concrete, and accessible at
much earlier stages of intellectual development than was ever

;previously thought possible., 1

Recommendati ns

Microcomputer hardware, together with appropriate software,
has the potential of making a major impact on math and science
instruction p the United States. However,. this will not happen
automatically but rather requires sustained major commitment atthe federal, tate, and local levels to insure that this
potential is urned into a reality.

.
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Teacher Training ti

or

41

. The highest priority area is in teacher training, both
pre-service and inservice. Ttachers.have to pick'vir a whole new
set of skills 'to use the computer and to select appropriaiie
sof,tware, \but more importantly, to learn new approaches to
teaching permitted by the software and to learn new topic areas
which can now be taught with the aid of microccAsputers. This
'implies that every math and science teacher and every elementary
teacher, needs to be reached, not once, but-.several times tghrotigh
in sevvice training, workshops, summer -institutes, conferences.
or TV courses. Because of the cast of such a massive mount of
in service training, most of it will have to be borneffy the local
"school districts through workshops and training provided by local
resource people. However, there is a tremendous need, to prepare
materials for theSe resource people, to train.the trainers, and to
provide them with state-of-the-tart maierialft. At the same time,
we should explore the utility of a technology-based teacher
training mechanism such 'as cable TV and videodisks. A similar
effort should be applied to the pre-service training of
teachers. It is crucial that the next generation of teachers be
aware of microcomputer software that is available and ways of
using it creatively in the classroom.

New Software
I C

While there are a large number of softwarertitles being
produced, there is a need for much more software, particularly
programs that focus on problem solving skills and allowstudentg
taundertake their own investigations. There is a particular
need far major funding that underwrites creative but high-risk
developments for the long-term. Logo would not hav!s, been
developed by a commercial vendor in today's market. It required
'massive Federal assistance and long-tprm support. It seems
reasonable to expect that there are opher equally important ideas
that await comparable funding for their development and
exploitation. We do view the.current commercial market for
educatidtal software to be quite healthy and able to produce
creative, innovative software, particularly on the part of
vendors serving important but small market areas. This process
should be enhanced by increasing the amount of software that is
reviewed and the amount of information about software that is
disseminated to software 'users.

7
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There is a particular need to develop new softwar in mathand science that is designed fon special populations, such as
Spanish-speaking, physically disabled, and learning disabled
students.

l

Software Im lementation
;

All the software in the world is of no -use unless it i
actually used'in the classroom. Schools should budget, forsoftware and should provide sufficient hardware sp_othht allstudents can augment their math and science instrifcti throughthe use of computer software. Schools can increase the/Impact ofsoftware by coordinating the schoOlroom use with the cothputers
that are or soon will be available in most homes. Thisconnection caa be made, by hiving, the 'school support grouppurchases o
circulating
that do .not

A

f hardware-and software, by establishing a software
library, and, by loaning or renting hardware to homes
own appropriate compUters.

Many teachers report that'it is not easy to incorporate
microcomputer software'into their curriculum, They neeld'assist-
ance and suggestions for specific ways of augmenting the topics.,
they teach or would like to teach with microcomputer software,and of integrating the software into the classroom.

Research

There an urgent need for research on computer-mediated
science and math learning. Much of the available software does.not have a theoretical basis. It-is difficult to know whether,'the software is even effective,'and much more difficult to know
what learner characteristics are necessary'for tts
effectiveness. Research is needed on exactly .how radical a
departure from the ,traditional math and science currieala, ispossible with microcomputers. Finally, it is of utmost
imfortance to research'how equitably microcomputer software isbein made available to all members of 2x-society.

a'
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W II. SAMSON PROJECT BACKGROUND

A. Approach

The,. goal of this study was--to analyze the ,deeds in science
and math education and to see what the appropriate microcomputer
responses might be to those needs. Neither the time nor
resources available permitted a statistical sampling approach to
these 'issuets.

Our approach was formative and primarily qualitative. 044111
information came froth experts in the area and from schoolbated-
users of microcomputers. In locating interviewees we strove for
breadth in terms of geography, computer experience, educational
level, and educational role.

se

B. Meth \odology

1

/'

w4 began with a literature search and an analysis of
available software. We then assembled software reviews and
surveyed a large number of practitioners. Our work wab
augmented by expert consultants and an able advisory board.`

Literature Search

The ERIC database served as the point of entry for an
exhaustiVe search of the literature published from 1978 through
early 1983. We studied the broad issues of teacher needs and
.educatiOnal trends as well as the specifics of microcomputer use
in the math and science curricula. Over 300 pertinent articles,
conference proceedings,. unpublished papers and theses were
identified in the ERIC Current Journals in Education wild
Resources in Education and rrom a search of the RICE and SPIF
databases. The bibliographies in these sources often led us to

1 2



more material, and our search continued throughout the term ofthe project. A ,omplete bibliography of pert ent referencesappears at the 'end of this-report.

Software Search.

yr
A

.Over 600 commercial'vahor.names were drawn, from th TERC-Dresden Associates joint. publication, ih, Software Finder(Naalien,. 1983) and the directory, MicrocoMputers in Education:A Resource Handbook (Woodruff, 19824. Others were identified incitations in articles andreviewp, iavertisements-and brochures.Of the 71'9 companies contacted -b' mail, 160 respondents did pro-duc math and science microcomputer software, 34 di,d,noehaveant software, and 425 did not reply' it all. A complete listof endors supplying math and science software is included in theAp ndix.

In order to locate non-commercial sources. of-softwisee,grantees from the National Science Foundation, the Minority -Instittrtiont SCienct improvement Program,. theApple EducationFoundation. and the'Atari /nititute were contacted by mail andencouraged to report on t2 it projects. We learned of over-60.grant-supported software programs, many stillupder development,or without a distributor/ We established a card file with des-criptive information on these Okograms, including expected com-

-4

pletion date if,known.

These software data were assembled into an electronicdatabase we call the Electric Software 'Finder '(ESF). Thisdatabase is written in dBASE II and runs under CP /M on an S-100system with dual Ek" disks. Remote access to this database waspossible :luring the project. All data are current as of, May'31, 1983.

Out of the hundreds of software descriptions received, a-number Aff programs seemed innovative enough,to warrant cio,serexamination. In response to written'requests we receivedfor viewing over 100 software programs from 13 vendors.

- 10 -
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Reviews and Evaluations

II

4P

We pave asselibleg an eIhaustiye collection of review and
evaluation materials.* Five hundred math'and. science. software
reviews ,indexed in the Winter 1982 issue of School Microware
Reviews (Haven, 1982)iand covering the period 1979,1942 are on
TrY77--The RICE databise, 1979-May 1983, and the Microcomputer
Index 1981-1983, were searched and printouts dude -of all math and
science-software.review entries.

Net.wor king,

.'
.

I
Twenty-three professional groups were contacted by mail.

The-associations selected have national constituencies and
provide support for their agembers through meetings, journals, and
newsletters. To ensure thgacurrency of our selections in't4e
rapidly expanding educational computing field, the Emcvclopedia
of Associations, 17th Edition (Gale' Research, 1983), was consulted
fok new organizations not yet known to us.

Survey

.

In order to assess the state of.the art, interviews' were
conducted with 70 developers, teachers,' and administrators
associated vith.the production, dissemination', or use of
mathemEqcs or science software. Interviews were base,0 on
questionnaires tailored to each category of software user.
Sessions charactIristically ran ,40 minutes to an hour. We
contacted urban, inner city, suburban, and rural school
persOnnel.

One hundred sixty developers and school-related personnel
involved in math and science projects were selected from the
Microcomputer Directory: Applications in Educational Settings
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( Gutmam, 1982). These peo.pLe'were surveyed through mailed
questionnaires. Two regional groups - EDCO in Matsachusetts and
the Regional Education Media Centers of Michigan'- distribUted
questionnaires to. their members. The respondents were selected
to include policy makers, adminA.stxators, and teachers and to
represent various levels of experience wthmicrocomplaters, a
tin0 of grade levels, and different social settings from,
communities throughout the U.S. 'Table II-1 lists the number of
respondents-in each of these catego'ries. Questions approprilte
for individuals in each cell were developed. Table 11-2 contains
algregate data from` Table, II-1, showing the overall' balance
among varidus categories. These statistics do not reveal the
4eographic spread of resi,ondents.who ranged from CaMbridge, Mass.
to Joshua Tree, Calikornia,"from Maple City, Michigan to .Austin,-
Texas. Of the 217 respondents, 188 were from outside
Massachusetts, 174 were outside New England, and 67 were weft of,
the Mississippi.

.Two'rOiindtable discussionm held at North Carolina State
University brought togetlier area users.and developers of math and
-science software as well as people attend-ing a TERC workshop
being held at the University. A descriptiom of this project and
questionnaires were mailed to invited participants prior to the
meetings and formed a useful focus'for the lively and informacive
discussions.

A cross-section of software developers.was also surveyed by
telephone. The characteristics" of this group are sumdarizvd ii
Table 11-3.

These project-related activities -were supplemented by
extensive informal contacts at our workshops, coneerences, and
microcomputer resource center.

Advisory Board Meetings

1

I

Two meetings were held with the Project AdvisoryNoard
This distinguished group was selected on the basis of its
members' breadth of experience with schools, microcomputers,
and/or math and science education. The members of the Project
Advisory Board are listed below.

1

- 12 -
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Advisory Board Memb9rs

Stacey Bressler
Educational Specialist
Apple Computer, Inc.

Alan CrOmer
President
EduTec, Inc. '

Robert C. RaYden.
Special Assistant to the Superintendent_
Boston, MA Public Schools

- Carolee Matsumoto'
Asst. Superintendent for. Curriculum.t Instruction
Concord, MA Public Schools. . 4

t

Richard Riley A
4

- 4
.

Educational Computer Consultant
Maine Dept. of Education & CulturalaServices

Judah Schwartz
Profssar' of Engineering .Science & Education
Massach6setts Institute of Technolow

.

Thomas. L. Sears,
c-

t

General Man4ger
' Compress ,

yThe liove4ei 72-23, 1982 meeting .of the A"dvisory Board
provided an overvieN.of the largW.r issue's, defining the srs,bje t
and scope of the survey and recommetting a More spefific analy is
of currently available-11software. The -April 21, 198k,, meeting
focused o.n the' rocedures, prioduc,ts, and recomm dationethat
flowed from the survey res lti. The group discus d,ttle cop-
clusions and ons as they would best a i+ in thi
report -

Consultants 444

ft

The project profited enormously from a youp of consultaritv,
listed below, who assisted in different ways. For example, Bob
Haven assembled software. reviews, supplied database of software
titles, and analyzed his database for the project. Hal Peters
contributed a position paper which is quoted extensively in this
report and reprinted in whole in the 'Appendix.

p.

- 13 -

16



co,

4

Consultants

Robert. Haven
Managing Director
Dresden.Asimciatos

.Mal Peters
Director
ympuzT

Adeline Neiman
Director

/-1411M Software

t"

Karl Zinn 4.

Research Scientist
Ceder forResearch on Learn fi Teaching
Unrversity of Michigan

it

C. Restriction to Mathematics and Science

I.

I
In this re0Srt we refer to mathematics and science exclu-

sively. *11 other uses of computers, such as computter science,
lanaguage instruction, and ins ructional assi*tance mother
disciplines are excluded. All nterviews were with teachers,
school staff, and vendors concer ed with math and science instruc-

t

ath/acience part of the educational microcomputer yield.
tion. T s,cour cosolusions and recommendations refer exclusively

Heath /science

/

1
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TEACHERS

iiimentarGrade- level

ukfer-c-i- 14:15:14 S
T

---E C. 1 0 0 0
0

E N U 0 0 1

T

H A S 3 0 0
- 0 C
H T R 1 31 0

E

\_

0 0
H 0
A N U 1 0 1 0
I 'T

A S 4 2 1 0
C

fotais

3,

12

0

5

0

1

-Table II-1 Survey Respondents by Category

rienced 124- .yrs) Inex erienced (0-2
Secondary.- K-12 E ementar Secondary__
/S. S Ji/S M S M S S

0 1 0 0

0 1 0 0

1' 1 4 .

0

1

A

0

2 2

3 2 36

3 6 58

4 6 38

COMPUTER RESOURCE PERSONNEL

I

U

S

R

Elementary

1

0

3

1

1 0 1 1 0"I 3

0

0 0 0 3 3

1 0- 0 2 5

1 1.4 0 4 5

2

0

2

9

3

12 21 3 11

0

0

4

3

2 10 20 21

yrs)

'TolaK-12
M

o 0 0.' 10

0 0 0 4

0 0 1 24

0 0 0

0 1 11

0 0' 29

0 3 1 46

5 4 0 47'

5 184'

Secondary

2

4 2

6 3 0 ?7 Respondees whose subject matter-was
computers. Not. separated by phone and

I 2 0
___t

mail.

Codes Used: t - Inner City
U Urban
S Suburban-

Rural

M/S = Math and Science
M Math
S =- Science

C = Computer Sciences or Computer Resources
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Table 11-2 Summary of Respondents

Grade Level ElementarX Secondary K-12

Sub, ct MIS M S M/S M S MiS M S Tdtals

Inner City 2 0 1 2 5 2 1 4 4 21

Urban 1 0 1, 6 10 4 3 6 2 33

Suburban 9 2 1 6 17 23' 5 5 2 70

Rural .7 4 0 8 15 13 9 4. 0, 60 -06

Totals 19 6 ,3 22 47 42 18 19 8 184

Computer Resource Personnel: 27

SEA Personnel: 6

:Total Respondees: 217

Number of Respondees by Geographical Distribution:

Massachusetts
`

29

New England (including Massachusetts) 43

East (excluding New England) 107

West of Mississippi

19
*4.

I

1

1

1

1



SIZE

small

small
-4

small

small

medium

medium

rt

Table II 3

Characteristics of

1.0CATION2 SUBJECT

math

math

science

ma. & sc.

SE

NE

NE

SE.

math

W math

medium W

V

mediuth W .

medium

medium

medium

,1 arge

large

NE

MW

MW

MCI

SW

math

math

science

ma. & sc.

ma. & sc.,

math

science

Developers Interviewed

STYLI

I. Size
small - home business
medium - national distribution
large - major national publisher

Location.
SE - Southeast
NE - Northeast
W - West
MW - Midwest
SW - Southwest'

a

, 4*

MICROCOAPUTER

tutorial, drill & practice Apple,
ft

drill,i practice Commodore

tutorial, drill

test generator'

game, tutorial

tutorial, drill

drill & practice

tutorial

practice -TRS-80

TRS-80

Apple

& practice Apple, Atari,
Commodore, IBM

tutorial', simulations

game, tutorial,
drill & practice

tutorial, drill & practice

totorial, drill & practice

simulations

s.

Apple, Atari,
CoMmodore,'TI, TRS-80

Apple Commodore,
TRS-80

Apple

Apple,4Commodort,.
TI, 11S-80

Apple

Apple, Atari

Apple

a



III. gURNEY OF NEEDS

.-4

We pust,-rememSer that educational software should be
introduced not becauir it' exists, but becadse it fills real

. ,needs. Therefdre-. we aust'begin our analysis by.reviestling and
systematizing those needs.

c_

A. Needs: From the Experts

Several studies have been carried out in the past decade to
determine the state of math and science education in'the United
States.'' ach one has:pointed lip the paradox that as our society
becomes more and more dependent on sophisticated technology, our
schools become less and less able to provide the needed math and

1science foundatioh.

- We are raising a new generation of Americans that
is scientifically and technologically
illiterate... Improving science and math
achievement among our young people requires a
joining together of efforts by educators, parents,
the private sector, and all levels of
government.... (National Academy of Sciences,
Science and Mathematics in the Schools, 1982)

Deficiencies in numbers and qualifications of
mathematics and science teachers are exacerbated
by classroom conditions. including inadequate
instr4tional time, equipment, and facilities....
,(Nati6nal Science Board, Commission on Precollege
Education in Mathematics, Science and Technology,
Today's Problem a, :Tomorrow's Crises,' October,
1982)

- Adequate support for materiaLs, equipment and
teacher time must be available for schools to
maintain quality science instruction. (National
Science Teachers Association, Position Statement,
1981)

- Improved preservice and in-service teacher

- 18 -
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education ,was given top-pri49rity....Profflem
,solving was consistently ranked high in
priority....There is consistent and strong support
for increasing the emphasis on applications of
mathematics throughout ,the,cuericulum....
(National Council of Teachers of Mathematics,
Priorities in School 4st)ematics,, 1981)

B. Neele: From Of; Field

WeAsked people in the Schools to articulate their major
needs in math and science other than those needs directly related
to microcomputers. Many of the responses indicated needs that
were unique, but other needs, were frequently mentioned and seemed to be
independent of variables such as the size of the school, age
level of students, or type of population served.

Ninety -three of the respondents (54%) cited need in the area
of materials and curriculum development. Needs in /this area
included individualized materials (15 times), pro lem-solving
materials and ideas '(14 times), relevant texts at, different
reading levels (12 times), new curriculum (10 times), new
teaching materials (8 times), applications-oriented. material,(6

. times), more advanced courses for gifted students (5 times), and
more experiential or Manipulative materials (4 times)

SI
One comment we eard repeatedly (15 times) Was either, "I

need motivated students," or "I need something to motivate my
students!" It- -would be easy to dismiss this by saying anyone
who has motivated students can be a good teacher. But that
ignores the fact that many topics in both the math and the
science curricula are either outdated, irtmlevant or have no
activities planned to demonstrate the applicability of abstract
concepts.

The expressed concern for individualized in truct'ion is
noteworthy. Teachers feel tillable to meet the ma y and diverse
needs of their students. They especiallyIneed ma erials that are
interesting and relevant to the older students wh se conceptual
abi1'ity is more advanced than their reading abilities. Also needed are
units for advanced students who want to go into a topic in depth,
as well as material for students with learning disabilities.

The most cited need (27,rtimes) was for more teachers who are
certified and qualified to teach math and science. Frequently
mentioned by science teachers (7 times) was the need for summer
workshops to bring them up to, date in their subject area. Seven
administrators stressed the need for retraining of present

19 -
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teachers so OtleyClouldbe transferred to math or science
positions. I.n all 36 of the 172 respon#ents (21%) mentioned'

. training as plajdneqd.,

The nee or incr seil budgets was mentioned explicitly by
only 12 respod ents,. Others did cite needing increased lab space

;(8 responses),, mode n ab Aqdtpment (10 resp nses), and more time
.

1

for curriculudeve opMene(6 responses). ese are all -needs
`which would be inset' y Obi' std school budget so that zhestdtal
number- citing Aryt 0 ds amounted to'23% of the
respondents. w .1

.

..
,

Aor

, .

.

' Both teat ers apd niatrators expressed concern for the '.:
stat o4 scien4 ;instrq n in the elementary schools. Most
,elem ntry teat' ers have of received adequate preservice
traininw in sci nce and m st elementary schools o not have
ither science aborator. ies or science specialist,. As .a result
the clasiroom teachers feel inadequate to the task and very
little attention, is p id to science at .the age level when
,cbildren ate,"natUral,sci

t
d;ists.", The other concern is that

i
h

much of what is done £ e4name .of science alienates the
' i'Children o that3.hey'do choose science courses when they get

tot high sc oil.
'

,

At ,both he eIementar and seconiary level there was a-need
to more labor tori,activit es. Four respondents (2%) stated
t11asthe majir probleth inSacience education. A laboratory
act,i,vity requires planninv'preparatien_time, experiment time,
clean-up time', and follow-up discussions or activities. If is
easy to see - iihy labp atolried .re prime targets for elimination in
an era of budget c4 ackv a Expanding curricula when there is

'1
t-1

1%
not e'ough er the eeded material. But most educators
expressed a peliel i ithe,v4i e of experiential learning and
streslsed the need lor upd tiNng and expanding the role of hands-on
laboratory activities.

1

1



IV. THE,STATE OF THE ART p.

We made a major effort in the SAMSON Project to find out
what'software was available and used in the area of math and
science. We attacked this problem from both the developer'sand
the user's peirspective. Our analysis follows the software from
its development through its use, and asks how it is developed,
how such of it is avAilable., h,.w it is reviewed and evaluated,

.

how teachers find and acquire it,' and how they actually use it in
the classroom.

A. Software D4elopmdlit

Commercial, Development

r".

There is a significant amount of,educatival software being
produced for math and science in spite of the relatively large
cost of development. In response to a letter to over 700
vendors, more than 160 returned catalogs or product descriptions
which included at least one software product ehat could be used
in math or science instruction. Although this is a large number,
it may be inflated. We are not sure whether all of these.vendors
actually have products that they can deliver.. It should be noted
that people in small companies often advertise products before
they have been completed, and misjudge the time and e;pense
involved in bringing a product to market. We.were not" able to
evaluate products from all ,of these developers,, and thus we
cannot say,with certainty that there are 160"vendors offering
Available software.

We estimate that there are 100 pieces of new math and science
,software being developed each month at the presentntime. This is
a very approximate estimate, based upon the number of titles in the
Software Finder and School llicroware Directory over time, combined
with our finding that the latter directory covered approximately
two - thirds of the available products. The number of math and science
t_cles in this directory seems to be growing exponentially, with a
doubling time of slightly under two years. That means that two
years ago there were a little less than half as many titles in the

21 -
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t
math and science areas, and th_tate of production was a little
less than half the current late. if historical trends hold, that
means that the?e will be approximartely 225 new titles a month in
math and science by May of l9853/,.

These statistics on the rate eof'production can be somewhat
misleading, since they lump together large packages under a
single title with very small, .single-concept programs. For the
purposes of this study, a title available on two or more
computers counild as only one title: On the other hand' closelyclosely
similar software packages, with different titles which cease from
different vendors did get counted as separate packages. These
methodological issues aside, the 100 per month number seems
reasonable,,based on the number of developers. Wo developer is
content with (a static catalog. Most want to add a number of
titles every year. Thus, the rowih of offerings combined with a
reasonable growth in the number

s
of vendors wolad certainly lead

to an increase on the order of 100 new titles a month.

Production Costs

Cost data are difficult to obtain because of.4.the natural
. disinclination of coOmercial publishers to reveal sensitive

information,. However, It ma safely be said that quality
software is extremely. expensire-Ao 'produce: In order to get an
idea of software cdsts, we have to do it on a case -by -case
basis. This sort of information can be very misleading, for, a

number of reasons. First of all, the software cots vary
enormously from one type of software to another. A drill and
practice might represent a weekend's work, whereas a
sophisticated :tool might cost $100,000, as Hal Peters estimates
ARBPLOT did. (See his position paper in the Appendix). Secondly,
much of the coat of software, goes into conceptualizition, 'testing, and

fthe development ogeneral-parpose software tools. This might result
in the cost of the second package in a particular format being
far less expensive than the first.

A few more,data points can be gleaned from TERC's own
software.. development experience. We developed-a series of energy
software packages for approximately $5,000 each and are
currently modifying them as a result of classroom testing, for

approximately another $2,000 each. Onitke other end of the
spectrum, we have a major, 'original development project which
requires sophisticated software,in a new style, which will cost
approximately $70,000 to develop, and which will result inthe
publisher spending a like sum to produce.,c

- 2 2 -
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One of the major problems facing educators and p.roducerr is
the wide variety of microcomputers available and the expehse and
difficulty of produCing soltwar for each of these variants.
While it is- ossible to write sGftware that can run on,a variety
-of different machines, a&numbet of practical and economic factors
have made this very uncommon in education. In order to rub, the
same software on many machines, there,is inevitably a sacrifice,
in the performance of the software, particularly in the
sophistication of the graphics, and. the speed of 'its execution.
In addition,-there are economic disincentives for the V
manufacturers:they want to encourage development of softivare'that
only runs on their hardware.

a /
However, this transportability problem is not as moth a

-barrier as it may seem at first glance. Many educational
applications have two characteristics that are important in this
regard. First, they are often not terribly compleic.- Secondly,
the cost of actually writing the code is a .small part.of the

* tgtal development costs, which also include 'student trial,
documentation development, and revision,,, Thus; reprogramming the
application to run on a different machine'is not nearly as
expensive as bringing out aiproduct in the first place. Two
developers repsrted that this involved one- Ruarte1 of the cost of
produc.ng 4he *iginal product. .

Software Pricing

Software is most often priced in the $10-25 range, although
significant amounts of software are priced up to $100. (See Figure IV
1.) There is elt slight difference between math and science
pricing, with relatively more higher priced science software. The
detailed breakdown by grade, Figure IV-1 and Tablet IV-1 and IV-2,
reveals a slight but significant trend toward higher price at higher
grades, especially in science.

7'
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Figure IU-1: Softwaee Costs

$0-10 AmmummemEAR
$10-25

$25-50

$50-100

I100-250116

$25

1

suatesseinussa

111111 I! It it

. gee 400
i/111

IrSa. =Math ifillIPScrience
tuseessod(sewomansiesemiewstemownesoutessainsionnesnumweesenmesieseessemtessisusesessm

Re: Tablts IV-1 and -2.
TERC May, 1983
1111111111111111111111111101111MMIIMMIIIM1111111111111111111111INIMMIMMIMPIMMIUMIMIIIII

Agure. Summary of Soft ire Costs
The entries represent numbers of titles.

Piracy 4

(°.

Software piracy is a major'-probleth,fot commercial software
developers and distributors. Electronic -4;earning reported the
results of a survey of 15 prodUcetsda.which it found copying was
the dumber one problem reported by)i,heie producers.' Copying was
seen as hurtinipreyenues, quality', and price. ^It is interesting,
to note that the Minnesota Educational Computing.Consortium
(MECC) has recently altered its three-year prOgram of giving
licensees unlimited copying 'rights., It found that thiS
produces'an atmosphere tteht condones copying and that licenseei
do not respect either MECC's-legal rights nor those of other
software ptoducers. MECC henceforth will produce copy- protected
software which will be avallable,to licensees at approkimatelly
the cost of , disk, but it will also aggAssively protect its
Irights, under the license agreements and punish unauthorized
copying'.

. Many commercial developers feel that educators.will, as a
matter of course, produce unauthorized copies. While we have
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Topic

Chemistry
Chemistry
Chemistry
Periodic
Chemistry
Chemistry
Chemistry

Chemistry
Chemistry
Chemistry
Chemistry.
Chemistry
Chemistry
Chemistry
Chemistry
Physics
Physics
Physics
Physics

Physics
Physics
Physics ,

Physics
Physics
Physics
Physics
Astronomy
Basic Skills
Biology

Earth Science

Ecotogy/Environment_
General Science
Geology

Multiple Subjects -- Science
Natural History
Physical Sciences
Technology Education

wirammammemmwmAWWWWWW sammmiss,

411 Topics
(Acid4aseCheiaistry)
.(Atomic Stiuct. and the

Table)

(Chemicql Ceiposition)
. (Compounds end" Formulas)
(Miscellaneous)
(Nucleonics)

(Reactions/Equilibria)
(Organic Chemistry)
(Solutions)
(States of Metter)
,(Stotchiometry)
tMultiple Topics)
(No Topic)

-- All Topics
(Electricity)
(Heat)
(Light)

(Mechanics)
(Nuclear Physics)
(NelatiVity)
(Sound)
(Waves)

(Multiple Topics)
(No Topic)

PROGRAM SMILE

No.Tities'DAP Sim Game Data Demo Tutr Comp Test Mult
impassallo am: ism* mum* .0'.

0

171

18

31

6
22

6
3

25

15

10

20
9
7

9
210
52

15

18

59
110,
7

24

2

22 .

31`

34
133
36
38
18
0
5
6

22

85
,8

20

0
17

1

2

8
3

8
7

7

1

2
55
19

5

8
12

0
0
4
4
0.

3

2

3

6
7

3

0
0
0
0
0

37

4

3

5

1

2

1

8
1

0
9
0
1

1

60
13
2

4

24

8
ti
0
7

2

0
9
1

55
7

34

2

0
0
0
0
I

2

0
1

'0

0
0
0
1

0
0
0
0
0
0
8
0
0
14
3

0
0
0
0
0
4

2

3

5

1

0
5
0
0
0
0
0

1

0
1

0
0
0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0,
0
0
0
0
1

0
1

0
1

0
0
0
0
0
0

4

2

0

0
0
0
0
0
0

,,0
l

0
0
1

11
0--

0
2

1

0
0
0
4

0
4
2

1

1

0

I,

0
0
0
0

.0
0

39
3
4

0
2

3
0
8
10
1

2
0
3
3

51

15

4
2

13

.1

0
2

9
0
5

11

25
52

20
1

6
0
1

6
21

2

7

1

1

0
1

0
0
0
0
1

1

1

0
1

'17

0
4'
1

4

2

0
.1

0
0
5
4

0
12
1

t 1

2

0
1
0
0
0

1

0
0

0
0
0
0
0
0
0
0
0
0
1

0
0
0
.0

0
0
0
0
0.

0
0
0
1

1
0
0
0
0
0
0
0
0

1

0
0

0
0.

0
0
0
0
0
0
0
1

0
1

0

0
0
0
0
0
0
0
1

0
0
0
0
0
0
0
1

0
0

Table 1V-11 Science Topics l%v Wtware Style
Selo text for an cApjo..1.!1 t
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e,
found that most educators do respect copyright laws, it takes
only a few people .producing unauthorized versions to give a bad
name to the entire profession. Illegal copying makes publishers
wonder whether they can recover their development costs in the
educational market. They either go into other kinds of software
development, Or raise thein prices so that they can recover this
cost quickly before illegal copying eliminates the market.

We are not aware of anyPunderground network that distributes
unauthorized educational software in a wholesale manner.' Whether
or not software piracy is,'in reality, an importanIt factor, the
fear of it is real and has the clear effect of inhibiting
production and dissemination, limiting innovatron, and driving up
prices. It limits the amount of capital and time developers are*
willing to invest in a piece:of software; it increases the .

wariness of distributing free software for review; and if makes
the developers want to recover their costs qu.icklf-by raising, the
price.

The Development Process

Many of the developers of educatlal software ar emely
small companies, often a-single.individual, who is at

ar

time teaching in high school or college., This person has .

typically developed software for use in her or his own teaching
and has polished the software and provided,some documentation so
that it might be of use to colleagues in similar situations.
This sort of configuration provides a very efficient,

or inal teacher didinot need an extensive classroom test
lojtoverhead means gf generating and disseminating software. The

methodology; thesoftware grew out of classroom needs and was
continually used and tested by typical, students./. The company I

overhead is extremely low, being run on spare time'out of the

professional contacts. 'By giving talks, or by O stributing
Ihome. Dissemination is simple, since tube teacher_. Usually has

Xerox sheet, or through a donated workshop, thi -4erson can
easily reach a number of colleagues who might b .the software.
If the irOttial software offerings are accepted anik purchased, their
teacher often produces similar material on related topics. In
this way, an individual might develin a number of titles of
similar form and substance. This product line specialization
helps the small vendor inexpensively develop 'brand identification 1^
and product loyalty.

Most commercial software has been written by a single
individual-on a royalty basis without advance. Typical royalties
paid currently range between 10 and 20% of sale income. Of
course -, the large number elqWery small vendors represents the- -
attempt on the part of individual authors to avoid this low
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f percentage by attempting to handle all of the advertising, sales,and distribution.

The Home Market a

There is great commercial interest currently in developing
pi-OlUcts for the home educational market. There is a growing
understanding that many microcomputer buyers have some
educational objective in purchasing their hardware. There is
also 'the lure bf a two-billion household computer market as
opposed to the three hundred thousand. microcomputer market .

currently in-schools. Many companies are attracted to the home
educational market because of thi possibility of placing theirsoftware in read-only-memory cartridges, which are relatively
safe turn] unauthorized copying, at least by amateurs.

It seem vt, least in some cases, software marketed forthe home can be m efully used in.the'school environment. Theconverse is rarely hi"Case. Very few educational prbducts aimed
at the schools are markfted for home use. This property of the
market has led monk. .publishers to focus educational software on
the home market anlWih'in extend the marketing effort into the
schools.

The Role of Grant Support

It is surprising how many commercial software products have
originated with some form of government or private foundation

.

funding. The early funding that used. mainframes has, of course,
spawned BASIC and Logo. Less well known are theOuntington I andII simulation projecte, which have inspired ddaens of
,microcomputer implementations of their simulations. 'The'PLA'Fb
Project at the University of Illinois is responsible for the
initial developMent of Stan Smith's organic chemistryand genderal
chemistry courses, of Darts. 4 popular estimation game that is
available in many forms, and of a large number of elementary
mathematics programs. National Science Foundation (NSF) furrding
to CONDUIT was responsible for the production and dissemination of
a large amount ofrteacher-,originated softWare which has now been
made available on microcomputers. More recent NSF and Apple
Foundation funding has been responsible for the initial develop-

, mint of such products as Rocky's Boots, Discovery Learninq'sin Tri-
cionoRetry, Algebra Drill and Practice, 4nd many, many. more titles.
Alan Cromer, an Advisory Board member, acquired some Apples for his
undergraduate physAcs laboratory through an Inaleitutional Scienti-
fic Equipment Program'(ISEP) grant. Olike conditidn of the grant
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required him tol-write some software, and this led to the formation
gof a new company, EduTech, that has now grown into an important

supplier of educational software.

There is some evjdence to indicate that there are
significant new software projects developed vith ftpding support
that will result in products reachiq'the maiket within the next
12 months. In part, these projectsrkare funded by the- National
Science Foundation, Education Directorate (piior tw its'
reorganization and downgrading to an office), and by the Apple
Foundation. Other promising new software is based on substantial
private funding.

. 1r

School-Generated Software

24)

\

In addition to commercial software, which 95% of respondents
use, non-commercial software is also important in schools. Three
quarters of residents use software. generated by their school I
faculty or students. an some schools this is the only source of,
applications software. 'This is especially true when the
computers used have only limited graphics, an use cassette tapes
for storage, since under these circumstance4Ithe performance of
much of the commercial software can be duplicated by beginning

/'---- school actually 1olicit.ieducational programming projects from
, I

programmers. In some cases, advanced programming classes in a

other teachers and use advanced students to develop educational
software ith faculty supervision. This provides worthwhile

41program ng projects, helps create a sense of community within I
the scho 1, and fosters the development of new relationships
between students and teachers,. A

t
1

1

Public Domain Software

Another major source of new soft4are is public domain
01 software distr uted through journals or swapped by clubs,

dedicated ind vi els, in-service trainers, and special
projects. 0 e-half of respondents reported using software(from
one of thes sources.

One of the most active educational public domain projects is
Softswap, operated by the Computer Using Educators (CUE)
(Lathrop, 1983). They offer sdver 200 titles on 65 disks for 7
different microcomputers, including a 33-disk authoring system
called BLOCKS. Anyone can copy the programs at the CUE
Microcomputer Vnter/or at county school offices throughout
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California. The software can also be ordered at $10 per disk.
Over half of/the titles in this collection cover mathematics or
science topics., Most computer clubs and many schools maintain
collections of public domain software with some part of the
collection being of interest to educators. CompuServe, a
public-access database utility, has the ability to accept
(upload) and transmit (download) microcomputer software which is
usid to swap short educational programs.

The problem with all of these public domain sources is
quality. Some programs may be excellent, others may not/run,
others may. execute but contain factual errors. They usually come
without documentation, so it is necessary to,preview large
numbers of titles to find software for a particular application.
With no documentation,'each teacher using the. software must.
generate.any related student materials and must fit the software
into:.the curriculum.

Another source of public dodiain software is 'roject Seraphim
(Moore, 198.3): This NSF-sponsored project collects chemistry
software, evaluates it, and makes it available with documentation
for $4 per disk. Most computer magazines also publish public

'.domain programp, usually with good documentation. Notable in
this regard is Dr. Dobbs' Journal, which has been giving away
significant software almost Once microcomputers were first
commercially available.

Low-Cost Software

There are alternatives to commercial and public domain
distribution of software that are important to mathematics and
science educators. These alternatives are important to consider
because they can provide ,low-cost quality software.

The Minnesota Educat14onal Computing Consortium (MECC) as
the software source most often citedby our respondents. MECC
originally distributed teacher-generated software, but now
employs professional programmers to develop new software and
translate MECC software to other machines. MECC has an
institutional membership plan whereby a school or group of
schools is licen-sed to receive the entire MECC library of
software. Whether it is the low cost of-the software, the
license agreements, or their early entry into educational
computing, MECC software is a major force in educational

. computing.

Another less well-known model- for low-cost software
distribution is the Atari Program Exchange (APX). A separate
company founded and controlled by Atari (Warner Communications),



it* primary mission was to enhance Atari computer sales by
publishing user-contributed software. Programs are sold with
reasonable documentation in the $20-$50 range with the developer
receiving a royalty and 'retaining copyright. A wide range of

4 software is available including explicitly, educational titles and
others, like graphing utilities, of educational significance..
Pascal, Forth, and a sophisticated symbolic algebra/calculds
package are all available at surprisingly low cost through the
APX.

Non-Commercial Software

A great deal of Software is developed by non-commercial
sources. Individual teachers, advanced programming classes,
districts, schools of education, and state agencies all produce
educational software. Whatever the source, it is usually
tailored to a particular teaching environment. The motivation
for this in-house development is either to learn programming, to
save money, or to fit a perceived need--sometims quite narrow--
_which is no being met through other software.

Authoring Systems

Surprisingly, we found that authoring systems - - software
designed to simplify the preparation of educational packages--

were not widely used. A wide selection of authoring systems are
available,from simple "shells" - easily-prepared fixed format
drill and practice - to full-fledged languages like PILOT that
allow nearly complete flexibilty in the finished software. It is
not clear why these authoring systems are. not in.wider use.
Perhaps the simpler systems are not well-known or judged to
produce trivial software while the more sophisticated -ones are
seen as being as difficult as BASIC to learn to use, with less
commercial significance. Publishers are quite interested in
authoring languages because they simplify the software production
process.

33
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B. Availability

'Quantity

A substantial amount of software is available, although the
coverage is by no means uniform in terms of quality, grade level,
topics, or type of microcomputer. We found 974 separate software
titles in mathematics and 739 in science. We estimate that this
represents approximat04 one-fourth and one-sixth, respectively,
of all commercial software. Most of these titles zover single
topics, although a few are large, comprehensive packages that
cover one or more years of a curriculum.

While the toter of 1,713 titles 4ems like aicarge number,
if they were uniformly divided between math and science, among
five microcomputers, and among the grades there would be fewer
than 15 topics covered per course -on any one computer. In fact,
the coverages is anything but uniform,' with great concentrations
of software for certain microcomputers ;n some topic areas and
a complete lack of.software for other microcomputers and other
topics.

Grade Distribution

The grade distribution is quite different for math as
cdmpare0 to science, as shown in Figure IV-2 and Table IV-3.

.
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Figure IV-2 Software Titles by Grade

Matt software is strongly oriented toward elementary
grades. For math, the most titles are available at sixth grade,
with large numbers for grades 3 through 8. There,are a total of
863 (892) titles that apply to at least one of the grades K -8,-
while there are. only 415 (49%) for grades 9-1,2 and only 47 (5%)
for college level.

Science software, on the other.hand, is highly concentratedat the high school level. The largest number of titles is avail-able at the twelfth grade; the number increases gradually from
Kindergarten to grade 12, but drops off sharply at the collegelevel. There are a total of only 216 (29%) titles that apply toat lelist one of the grades K-8, while 703 (95%) can 'be used in oneof the grades from 9 through 12. A far larger proportion of sciencesoftware (28%) than math software (5%) applies to the college
level:
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' Table IV '-3 Software Titles by Grade Level

Grade Level Science
mmmmm memsommo:mmermwsimmoirm. ggswomommum

Kindergarten 0
First Grade .4

. 7

Math
wriwrwr

110
232

Total
etwommum

. 110
239

'Second Grade 15 Ila 345
Third Grade 29 394 .423
Fourth Grade 32 502 534
Fifth Grade 47 492 ,/ 539
Sixth Grade 70 535 , 1 605
Seventh Grade 112 412 524
Eighth' Grade, 188 443 631
Ninth Grade ' 304 = ' 352 656
Tenth Grade 406 301 707
Eleventh Grade 620 226 846
Twelfth Grade 638 211 849
Kindergarten to Eighth Grade 216 863 1079
High School 703 415

1
1118

College'
, 206 47 253
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The breakdown of software icles Inf°c!..ptiter can be seen in

Figure 1-1/73 and Tables IV-4 and )IV -5. Fn
,

oth math and science,Apple commands a significant lead,.hsv g versitins:of 55% of all
math and 78% of all science software tip les.9
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Figure 1V-3 Software Titles Computer

The PET and TRS-80 computeis are each 4econ4 with apout 40% of
science and 371 of math titles. There does not seei to be a
significant shift in these percentages with grade level for
either math or science.

These percentages exceed 100% because many titles are
adapted to more than one machine. This is shown in Figure IV-4
and Table IV=6 which show that while 980 (61%) titleryire only
on one machine, 366 (23%) run on two and 355 (22%) run on three
or more.
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Computer
MWMWOMMWMISIMMOMMMOMMMOOMMOMWIMIEMOMMIMMMO

Apple
Atari

CP/Mh
Commodore 64
Exidy Sorcerer
IBM PC
KIM
Kettell
Monroe EC8800
NEC
North Star
Ohio Scientific
PET
sap-
STM
T1-99/4
TRS-80
TRS-80 Colot,Compater
Tend' 8510
VIC

3S

Table TV .-4 Science Software by Computer and Grade

GRADE LEVEL

No, Titles

576
28
48
2
0
0

0
0
0
0
0
0

7

0
0
0
0
0

2
...Am

14

1

0
0
0
0

0, 0 0 0
1 0 0 0
0 0 D 0
0 0 0 0
0 0 0 0
1 0 0 0
0 0 0 0

' 311 0 5 9
0 0 0 0
1 0 0 0
0 0 0 0

f'287 0 0 0
3 0 0 0
0 0 0 0
2 0 0 0

3 4 5 6 7 8
mom. orm: imam ammo aria mom=

22, 21 32 47 6S 123

1 2 5 11 17 18

0 0 0 0 0 0
0 0 0 0 0 1

0 0 0. 0 0 0
0 0 0 0 0 0
0 0 0 0
0 0 0 0 0 0
0 0 0 0' 0 IO
0 0 0 0 0 0
0 0 0 0 0 . 0
0 0 0 0 0 1

0 0 0 0 0 0
15 14 19 30 34 61

0 0 0 0 0 0
0 01 0 0 0
0 0 0 0 0 0
9 11 13 26 57 89

0 0 0 1 1 1

0 0 0 0 o 0
0 0 0 2 2 2

ti

9 10 11 12 , C
MIMMO MOVW IMMO Min minim

223 310 472 492 174
19 20 24 24 2

0 0 .48 48 0
1 1 1 2 1

o 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 1 1

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 1 1 1 0
0 0 0 0 0

72 120 251 272 62
0 0 0 0 0
0 0 0 1 .1
0 0 0 0 0

139 163 243 256 100
2 2 3 3 0
0 0 0 0 0
2 2 2 2 0
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Table IV -5 P`: ath Software by Computer and Grade

GRADS LEVEL

ft

ti

C.Mammagitergasvo...16,56kmunimiumaiming,
Not. -Titles 1/Z 7- 7 :--3-- -4-- -3--- -6 7 10 11 12 C

., ..
lbaulaga usersinumms moss memo swiss ammo mismap .004110 sow minsm soma *mew Im *mew

, .
4

.w1* "y 537 46 105 153 179 264 258 294 237 274 225 I* 138 13 36
Atari

256 24 43 61 70 74 67 68 64 62 46 43 39. 52 18

,
C i l k

52 2 2' 6 6' 14 26 20 18 33 32 34 32 9 0

_ .
, d

CP/01
3 0 1 1. 1 1 1, 3- 3.. . 3 3 3 3- 3 0 '..Commodore 64. t. 3 2. 2 2 1 .1 1 1 0 0 0 0 0 0 0

.,'lbsidy Sorcerer 0 0 0 0 0 0 0 0 0 0 0 0" 0 0 0
r IIN P C

I l r 14 ' 0 0 0 0 0 a 1 . 2 2 1 1 1 14 11
e

14 EDI
:,' / 0 0 0 0 0 0 0 0- O. 0 0 0 0 0 0

ce Mitten 0 0 0 0 0 0 0 a 0 0 0 2 o 0 0
-,

r
1

S o u r c e E C 8 8 0 0
1 0.- 0 0 0 0 . 0 0 0 0 1 fi` ' 1 1 0

N E C
1 0 0 0 0 0 0 1 1 . 1 1 1 1 1 0North Star 0 0 0 0 0 0 0 0, 0 0, 0' 0 0 0 0Ohio Scientific 0 0 .0 0 0 0 0 0 0 0 0 , 0 0 0 0

.
PET

363 29 .67 90 123 197 207 242 173 186' 126-104 61 48 14
SiOTP

0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0
#

S114 , 0 0 0 0 0 0 0 0 0 0 0 0 0 ',0 02149/4 20 5 8 9 13 9 7 10 6 6 0 0 0 0 0 ......:i

-v,

'NS-10
364 35 63 94 125 179 193 236 210 208 159 122 77 86 12

TRS-80 Color Computer 23 5 9 11 17 16 14 12 8 7 5 4 3 2 1
Tara 8510

3 0 0 0 0 0 0 0 3 3 3 0 0 0 0
ViC

59 3 10 25 37 51 44 41, 18 16 4 3 1 1 0

1

'-el
um imps ma 0.1. wow ems ono Imme =we 11111111111111 11111111011
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Figure IV-4 5oftware4Titles by Number of Computers
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Figure -`4: Computers Supported
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Table IV-6 Software Tities By Number of Computers

No. Computers
wsommmwombramsowsommommemeas

Science
wassommem

Meth
wawa

Total
issmam

No computers specified 0 9 9'

1 Computer specified 384 596
.

980

2 Computers specified . 197 169 366

3 Computers specified 150 139 289,

4 Computers specified 8 45' 53

5 Computers specified
** TOT4 **

0 13 13

739 971 1710

These statistics may, if anything,, understaterthe commanding
lead of the ,Apple. Many of the most imaginative software
products, and almost all of the federallyfunded software
development projects, require an Apple.
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This situation annoys some educators who feel the Apple is
currently overpriced and technically out -of- date`. On the other
hand, Crmmer (1983) 'argues that the dominance of a, single machine
is impoitant because now, for the first time, softufare can be
traded and distributed among very specialized users. According to
-Cromer,'the large number of peripherals, easy repair and an ex-
panding knowledge base for the Apple Ire most important in the
thin-market advanced-level subjects'and well worth the additional
cost of the hardware.

C. Tonic Coverage

el

. Commercial so, tware has non-uniform coverage of mathematics
and scielae topics. There is almost no elementary science
software, and many h gh school math and science topics have no'
supporting software. In this section, math and science topics
will be reviewed by subject area in terms of the quantity and
styles of software available and needed.

General Observations

The broad distribution'of topic coverage is illustrated in
Figure IV' -5. This is based on the detailed anarysis of available
software topics by grade shown in Table IV-7 for science and,
Table IV-8 for math. While these data form the-basis of the
discussion throughout this section, some general trends emerge
that are worth noting here:

- The heavy use of software in advanced science is
reflected in the popularity of physics titles
(28%) followed by.chemistry (25%) and biology
(18%).

- The elementary orientation of math is reflected in
the preponderance of basic skills software (76%),
especially in arithmetic (34% of all math titles).

- The converse of the elementary orientation of math
software is the paucity of advanced. topics like
calculus (1.2%), analysis (1.7%), and trigonometry
(1.2 %).
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Topic

1.

Modesty -- All Topics '

Chemistry (Acid-Base Chemistry)
Chesistry (Atomic Street. sad the
Periodic Table)
Chemistry (Chemical Composition)
Chemistry (Compeemds sod Formals.)
Chemistry

(leactlossi llihrta)

Ctsmistry (Nsclsoalcs
alemlitrY
Chemistry (Organic Chemistry)
ChsmIstry (Solatiess)
Chemistry, (States of Natter)
Chemistry (Stoichlosetry)
Chemistry (1141tiple Topics)
Chemistry Ole 1161110 .

Physics -- All Topics
Physics (Electricity)
Physics (Nest)
Physics (Light)
Physics (Mechanics)
Physics (Nuclear Physics)
Physics (Welstivity)
Physics (Season
Physics (*vas)
Physics (Multiple Topics)
Physics (No Topic)
Astronomy

Basic Skills
Biology

Earth Science

107108Y/Enviroment
Gomel Sciatica
Geology

Multiple Subletts -- Science
Natural History

Phyital Sc testes
Technology Education

OW.

?able IS-7 science .Topics By tirade Loyal

No. Titles

UAW LEVEL

-

1 2 3 4 5 6 7 8 9 10 It 12 C
1111110411010

_

mars

.. .

memo mesa. *mew moon

t83 0 0 0 0 0
18 0 0 0 0 0
31 0 0 0 0 0

6 0 0 0 0 0
22 0 0 0 0 0
6
3

0
0

0
0

0
0

0
0

0
0

25 0 CI 0 0 0
IS 0 0 0 0 0
10 0 0 0 0 0
20 0 0 0 0 0
9 0 0 0 0 0
1 0 0 0 0 0
9 0 0 0 0 0

210 0 0 0 1 4
5? 0 0 0 0 1

15 0 0 0 0 0
18 0 0 0 0 0
59 0 0 0 0 0
11 0 0 0 0 0
0 4 0 0 0 0 0
7 00012

24 0 0 0 0 0
2 0 0 0 0 0

22 0 0 0 0 1

31 1 t 5 5 7

34 0 2 2 5 7 .

133 3 4 7 6 15
36 0 3 7 7 5

38 0 0 0 0 0
18 0 1 1 1 2
0 0 0 0 0 0
5 000 0 0
6 1 2 4 5 3

22 1 1 2 1 1

3 I 1 1 0 I

BEST CCii-1 AiLABLE 44

ammo mamma, wawa mama mime' ammo ammo mom

2 2 4 19 41 141 180 86
0 0 0 1 5 16 18 8
0 0 0 0 3 26 31 18

0 0 0 0 0 6 6 4
0 0 0 2 3 15 22 10
1 1 2 3 3 6 4 0
0 0 0 0 0 2 ) 1

0 0 0 4 9 ,20 25 14
0 0 0 0 1 3 W5 13
0 0 0 0 2 MD SD 1

0 0 1 5 6 18 20 .3
0 0 0 1 1 8 9 3
0 0 0 0 1 3 7 5
1 1 1 3 6 7 8 4
6 5 9 26 74 195 206 66
1 0 0 0 25 48 51 28
0 0 0 3 5 IS 15 3
0 0 1 3 7 18 18 4
0 0 3 12 56 59 16
1 1 4 5 Il 11 2
0 0 0 0 0 0 0 0211 015 5 0
0 1 1 4 6 20 24 8
0 0 0 0 0 1 2 1

2 2 5 9 13 . 21 21 4
8 17 20 27 25 24 23 B
9 16 32 29 30 28 28 0
23 28 45 99 117 115 105 36
6 22 25 29 Z9 22 21 1

3 7 18 27 33 38 38 3
5 9 9 14 13 14 11 3
0 0 0 0 0 0 0 0223 4 5 5 4 1

1 0 0 0 0 0 0 0
2 1 18 18 18 11 1 0
2 1 1 1 1 1 1



Topic

his 1V-8 Math /tapirs c!

GRADE 14/910.0

Mn.litles K 1 2 3 4 5 6 7 II 9 10 11 12 C
WalelltfP111116141101111.111MOMMIIIIMINIMONINIMIIMINION111411. wrowe moms swam wOmm,ftWas Nome masw soma imomm maim swum ammo; *weft mews moveBasic Skills All levies/ 740 109 231 327 305 400 467 491 343 Ale 200 .130 73 72

Posit; Skills tArltimetle1 / 330 40. 141 211 `254 253 229 214 97 SO 46 29 20 19 S
Basic Skills (Coordinate Systems and 21 1 1 3 6 S 11 12 11 12 13 9 S
GraphIse)

Ilasi0 Skills (Co)mad1 17 0 2 6 14 17 1S 10 2 .2 1 0 0 0 0
,Ilssio 00111s (b1101nolo and Percents)
Basic Skills llesationst

53
0

0
0

0
0

o
0

2 24 21
0.

49
0

49
0

49
0

21

0
$0 S

0
5

0 0
Basic Skills Waotorisgl' 27 0 0 0 3 10 10 21 21 20 16 17 7 0
Basic Skills (114mictIonel

77 2 2 S 10 Se 71 72 69 61 40 2$ 7 7 1
'sale Skills (lsequalittss)

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Basic Skills (Bogie)

16 3 4 6 10 13 11 12 10 4 6 0
Basic Skills Diessorsiment1

21 0 0 1' 2 13 16 IS 16 15 14 10 $ 7 1
Baia $4111s Mobs/ Sentences) 4 0 0 1 3 4 4 a 0 0 0 a 0 0 0
Basic Skills (11Mosration) v' 61 35 40 31 21 19 16 17 13 11 11 6 3 3 0 ,

Basic Skills Matto and Pioportion/ 4 0 0 0 0. 2 3 4 4 2 1 0 0 0
Basic Skills (Tolling Time And 24 9 10 20 17 11 6 4

3 3. 2 1 1 0
Distance) tir
Mania Skills (Mord Problepos) 22 0 1 3 13 t16 16 36 11 9 4 4 3 2 0
Basic Skills tratbastithe),

3 0 0 0 0 1 1 1 2 2 2 2 2 I
Basic Skills Unless ?booty) 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Basic Skills Multiple Topics) 36 5 '11 16 16 IS 19 2S 21 21 9 3 2 2 0
Basic Skills (No ?Vic) S 5 6 T 6 6 5 4 3 2 1 2 1 0
Algebra

92 0 0 0 1 4 4 7 10 69 $6 SS 62 31 4
Analysis

17 0 0 r0 0 0 1 1 4 12 17 17 S
Calculus

12 o 0 0 0 0 0 0 0 0 2 3 *1 6 la 10
consaftsr Math

21 o 0 2 3 12 12 10 17 IS ft 10 S s 0
Geners1 Oath

o 0 0 0 0 1 #3 4 S S S S 0
Geometry

33 1 1 1 3 3 6 10 19 20 24 24 26 17 3
Multiple sibisats -- mathematics 5 0 0 0 1 2 2 2 2 4 3 3 3 3 0
statistics

31 0 0 0 0 0 3 S 7 10 16 17 31 IS
Trigonometry

12 0 0 0 0 0 0 0 1 4 10 10 12 2

so,
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Figure IV MA--jor Topic Breakdown
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Figure IV-5 lajor-Topics of Software Titles
"48 Skills" are basic math skills or arithmetic.

The teaching styles adopted,. by software are summarized in
Figure IV-6 and detailed in Table,IV-9 for science and Table
IV -10 for,math. Important generaliiations that emerge are:

I

- Drill and, practice is very common, especially in
math where it dominlres with 422 of titles (222 L-
for science).
Combining galbes,*which are usually disguised
drill, with the drill and practice category
accounts for fully 67% of math but only 262 of
science title's.
Games and drills are more common in elementary
grades than advanced grades. In math, they drop
from 782 at the fourth grade to 622 at the eighth
grade and 38% at twelfth grade.

- Tutorials are popular, especially for science
topics (332), but also for math (22).

- Simulations are used in 282 of science titles
they represent the most frequently used style in
eleventh and twelfth grades.
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Table 111.79 Science Waching Styisr by\drade Level

1

Teaching Style ,

Issiatamolimieammumions=04885monsweamormagsus
No. Titles

o
59
21

4
27

1

3
163

MOISO

o
0
0
0
0
0
0
Of

4.

Author Language
Computational Support
Concept Demonstration
Data Base Retrieval

Educational Game
Language Processor
Multiple Type
Rote Drill
Sample Long-Term Project o o
Simulation 207 0
Skills Practice

. 0 0
Teacher Aid 0 0
Test Generator 4 0
Text Processor o 0
Tutorial 235 0
Word Processor 0 0
Multiple Styles 6 0
No Style Specified 9 0* TOTAL.**

739 0

47

GRADE LE#L

1 .2 4 5 6 7 0, .9 '10 11, 12 C
somm osamom seam emu mom= ammo ems mOmmus 900n0 Imam

0 o o 0 o , 0

0 0 0 0 0 3
0 0 , 0.

,.,

l'" 1 2'

0 0/ G.: 0 0 0
2 4, 4 6 7 6'

0 Q 0 0 o. o

o 0 0
6 8 28
3 4 5
1

11
1

15
o 1 1

0 0 0 0 0 0 00
0 0 0 1 1 4 14
0 0 0 0 0 0 0
0 0 6, 6 9 16 25
0 0 0 0 0. 0 A)
0 0 0 0 0 0 0
0 0 0 0 0 0 1

0 0 0 0 0 . 0 0
, 5 11 19 16. 29 \ 39 51

0 1

19 28
0 0
46 86
0 0
0 0
2 3

0 0
91 130

r.

0 0 0 O.
42 56 55- 9
10 19 19 2

, .

2 4 4 0
1 22 3

2 3 3, ! 2'
43 130 156 42
0 0 0 o '

1 f0 194 197 54 %
0 0 0 0.

0 0 0 0
4 3 . 3 1

0 0 0 0
157 175 164 80

o , 0 0 0 o \ o 0 o 'o 0 0 a 0
0 to 0 0 o ' o 0 o, 0 6 6 6 5,
0 0 0 0 0'0 R 't 1 2 6 8 4 8.

1

7 15 29 32 47 70 ii2 188 304 406 620 638' 206
4
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Table 11-10 Math Teaching Styles By Grade Level

Teaching Style
gm= suparorei . No.Titles

=um ma
K

inva

1

4101441114

Columns.L . Gams- Lamm-

2 3 4 5 6
1401414 =MOM 1441111114 IMMO silawarsi

Nest NEwrassessmssisalwargolligrimiamirmulsausammis

Author Language
1 0 0 0 0 1 1 1Computational Support 60 0 0 0 1 3

b3
0Concept Demonstration

17 1 1 1 0 4 5 6Data Base Retrieval
0 0 0 0 0 0 0 0Educational Game 234 26 71 109 141 166 156 164Language Processor 0 0 0 0 0 0 0 0Multiple Type
5 1 1 1 1 3 3 4Rote Drill

413 69 128 170 179. 224 220 225Sample Long-Term Project
0 0 0 0 0 0 0 0Simulation
7 0 1 1 2 6 6 6ills Practice
0 0 0 0 0 0 0 0Teacher Aid
6 1 2 2 3 3 4 4Test Generator
6 0 0 11-!. 4 5 5 *I 6Text Processor
0 0 0 0 0 0 0 0Tutorial

'212. 10 26 40 60 84 83 104Word Processor
1 0 0 0 0 0 0 , 2No Style Specified
9 2 2 2 3 3 6 6

**TOTAL**
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Figure IV-6 Softwaie Teaching Styles
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Certain styles of software are sometimes associated with
particular topics, as can b,e seen from Tables IV-11 and IV-12.
For instance, 90% of ecology/environment software are
simulations, and 15 of the 17 analysis titles are,computationalaids.

The followi descriptions distinguish the various possible
educational sty es of software:

Auth ing Language: An authoring language is a
piece of software that allows a teacher to write drill
and practice or tutorial material without using a
general programming language.

Computational Support (Comp Aid): A software tool
primarily designed for a particular type or class of
computations or computer function. Examples include
graphing packages, function evaluators', and statistical
packages.

Concept Demonstration (Demo): a piece of software
that shows, explains, or illustrates a patticular
concept without requiring student interaction. These
are often used as part of lecture demonstrations.
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Database Retrieval (Data): A software package
primarily characterized by a large base of data that
students can access to answer their own questions.

4 Educational Gams (Game): Either an intrinsic or an
extrinsic game which has scoring.

Multiple Type (Mutt): A software package that has as
a major component two or more of these categories.

Rote Drill (Drill or D&P): Software in-which
students are tested for comprehension of information
through drill and practice. This category excludes
games and software that presents new material which
would be classified as a tutorial.

Simulation (Sim): A simulation of a mathematical
or statistical situation iflcluding a simulated
laboratory.

Teacher Aid (Aid): A software package', like an
&electronic gradebook, designed for teacher use.but not
student use. This excludes test. generators.

t r

Test Generator (Test):. Softwai0e designed to
generate tests for students, essentially drill and
practice without answers.

Tutorial (Tutor): Software which presents new
material to*students. Tutorials can include software
with substantial amounts of drill and practice that are
based on the material presented in the software.

Chemistry

Nos

In chemistry, a wide range, of topics it covered in
simulated lab and drill-and-practice formats. Approximakely
twenty distinct topics are treated in each format, with an
average of two titles for each topic. There are only a handful
of tutorials and spftware tools. The simulated laboratories are
almost all standarU chimistry laboratories - titrations, gas law
experithents, determination of equillbrium constants,-CaIdaffettY.
and the like. Hiapefulli% these simulations itre being used to
adgment and not to replace traditional hands-on laboratory
experiments. However, costs and over-reac,tion to safety concerns
may force. many schools to substitute lab simulations for the real
thing.

(
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There arefour comprehensive elementary chemistry software
packages suitable for high school students, each providing at

least half a year's worth of work. Programs for Learning also
covers a good deal of the general chemistry area and might be

considered a fifth comprehensive package, although the titles are

sold separately.

One unusual software package is .the database Chemdata whichl
permits students to explore the periodic table and look for
patterns in the properties of various elements. The program can
graph any one of nine characteristics of elements or groups of

elements. Another interesting package, MOLEC, is a.graphics tool

which allows the visualization of atoms in three dimensions.

The vast majority of software'available in chemistry is

aiMed at llth.(77%) and f2th grade students (98%). Only twenty
packages (112) are stated to be of use before the ninth grade.

All of the software is in English, and none of it is reported to
be particularly usefu'1 for students with special educational needs.

Approximately twen ajor vendors offer chemistry software,

bgt over two-thirds of the titles are from two publishers -
Programs for Learning and Microphys.'Programs for Learning
.oftware is primarily simulated laboratories written for the
Apple, PET, and TRS-80. The Microphys programs are primarily
drill And practice for the Apple, CBM0 and PET. Overall, 84% 7,f
chemistry software will run on the Apple.

Physics
ft

In physics, there is a broad variety of topics and software
styles-available from approximately thirty major publishers.
However, the coverage is not uniform; some software ideas are

repeated maty, times. There are at least six simulations of the

Millikan oil-drop experiment; seven packages that teach
'geometrical optics by drill and practice; five tools usled to
calculate vector addition, five programs that give drill and

practice in solving resistor circuits, seven simulations or games
involving two-dimensional projectile motion, and five more
simulating orbit.s. There are seven tutorials on waves, four

nucleAr scaeteridie simulations, and five drill and practice

packs covering various topics in thermodynamics.

Aber available software includes several comMercially. pub-

Iiihed --inicro-computer-based laboratory exper ent, two of
which use Pasco's photogate to turn the comput into a precision

timer'. There is 'a range of software on other ysics topics.

including 52 in electricity and magnetisth, two in quantum
mechanics, numerous simulations in mechanics, a few in sound,

1441,
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including Fourier analysis, and one relativistic simulation.

As in chemistry, almost all softwaie is aimed at the 11th
(93%) and 12th grade (98%) level. Six titles are available at
the elementary level, %one in,Spanish, and none oriented toward
special needs students.

Of the publishers that carry physics software, two-thirds of
the titles are supplied by five oompaniess Microphys; Classic
Software, yhich'carries 'drill and practice for the PET, Merlan,
which has simulations and tutorials for the Apple and PET, Cross

,Educational Software, whI.Ch' produces mostly tutorials for the
Apple and EduTech which carries simulations and other types ,of_
packages for the Apple. The number of titles is a somewhat
misleading statistic, because some vendors, like CONDUIT with
only-a few titles, have produced significant and important
software. CONDUIT's Introductory Mechanics, for instance, is
unusual in that. it encourages students to write their own
programs (or mopy,supplied software) to solve dynamics
problems.

As ronomv

There seem to be two dominant types'of software available in
`astronomy: tutorials on various aspects of planetary and stellar
properties, and observational aids, such as rellStar, that are
used to calculate the position pf the stars, and planets. There
are also a few games and simulations-based on planetary motion.

'Certainly there are many other topics within astronomy ph t
could be made interesting and accessible to pre-college
students. Databases of star information could be used to
simulate radio or optical teleicope observations. Students cbuld
be guided to find regufarities in these data related to stellat
evolution or the e4ansion of the universe. Simulations of
planetary motion could be written that would allow one to
experience the apparent motion of planets as observed from the
earth or from other planets..

Biology

For the purposes of this report,, we have combined biology,
ecology, and issues relating to large-scale energy production and
consumption. Thia was done in part because it is difficult to
draw lines separdting these .various areas and it part because
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there is so little software that it would not be worthwhile
making fine distinctions.

Software for biology is dominated by tutorials and
simulations. Also included are approximately twelecomputational
aids and a few other kinds of software. A large number of the
simulations are in the general area of ecology and environmental
science. Many of these ale based on the original Huntington II
simulations. The single ost,popular topic is genetics with
fourteen titles. Birdbreed is a typical example. In this
simulated genetics 1a oratory the student must deduce a rule of
inheritance by simulating the breeding of birds and then
observing the characteristics of the offspring.,

One important package which could Kt utilized in biology and
ecology is MicroDynamo a microcomputer version of a computer
'language which is widely used.for simulations (Roberts, 1981).
High school students could use this language to create their own
simulations and explore many ecological systems. It.is important
to give students the power to create their own simulations so
that they can then control the underlying assumptions. These

a, assumptions exist in any model and often affect. its performance
in subtle, but profound ways. Students can experience this best
when they build and use their own models rather than use
preprogrammed models with nonalterable assumptions.

ti One ould think that such a popular and-important topic as
health wo d be heavily represented in commercial software.
However we found only one example, You're the Doctor ? ?, which
simulates medical problems for the user to diagnose-and treat.

There is one example of microcomputer-based biology
laboratories,: Experiments in Human Physiology, a set of ten.
experiments that involve measuring heart rate,.breathing rate,
response time and skin temperature.

Given the large numbers of biology students, it is
surprising how little b4logy-lipftware exists--only 18% of
science titles., This is one area where drill and practice could
help students learn the many terms and properties.. Databases
could provide numerous opportunities foridiscovery learning.
Computer-based laboratories could help students see important
relations. Simulations could help make the molecular basis of
life more comprehensible.
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Earth Science anfi Geology

There is very little software in the earth science/geology
area at this time. There are a series of tutorials.by TYC
Software, six .games, and a few drill and practice packages on
assorted topfcs.. We were unable to locate any currently
available software that treated topics in oceanography, plate
tectonics, the earth's structure, ice ages, or navigation.

There-are rich4opportunities for new software in this area.
One can imagine games based ort pro'specting or weather
predictions. Resouyce maps might be both interesting and
useful. Databases which include information about minerals
and crystals and threes- dimensional graphing utilities which
show crystal structures are certainly possible. Finally,
microcomputer-based laboratories for weather recording,
monitoring scale ocean models, and measuring mineral properties
could help Sake this subject more empirical and accessible to
students. s

General Science

We have included in general science a number of tIpica which
are hard to classify, cover very elementary concepts, or cover
novel advanced ideas that are not in the province of any one
part'icular discipline. Software in this category includes three.
drill and practice titles; five games, most based on metric
conversion; .tutorials on statistics, scientific thinking,
approximations and estimations; seven programs to help graph data
(either in line graphs or histograms), and four statistical
packages. One unique package in this area is the Semantic
Carculator, a program that keeps track of units and measurement
errors while performing calculations .using the four basic
operations. AniMals,, an interesting heuristic program, allows
one to teach tEFTIFEiiuter to make distinctions between animals
(or anything else) on the basis of observations.
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Mathematics

A large number of software packages are available in
mathematics, with a preponderance of elementary topics in
tutorial or drill and practice formait01°"*Of the 971 titles
analyzed, 892 were applicable to grade 8 or lower, and only 232
were useful at twelfth grade. Of the programs foi elementary
students, more than half covered addition, suittraction,
multiplication, ant division of integers.

About three-sevenths of all math software titles. involve
rote drill and practice, about one-fourth_ provide drill in the
form of educational games, and another two-fifths are tutorial.
Of the remaining 11%, about half are computational tools., almost
all of which deal with graphing functions or analyzing graphs.
There are seven simulations and no database rieval programs.

1

Software costs vary immensely.. .A number oaf comprehensive
packagei exis such as:

I '

- Math Sequences from Milliken at $450
- Math A for gradqs 1 to 3 from SRA at $525

Milth 8 for grades 4 to 6 from SRA at $640
- Micromath for grades 6 to 12 from Sheridan College in

Ontario at $50(1

Large packag es such as these tend to include classroom management
(CMI) capabilities as well.

At the other end of ehe scale are the large number of
single-concept skill packages and single educational games in the
$10 to $20. range and many iomewhat more sophisticated- packages in
the 130 to $50 range.

A few programs offer, the potential to dramatically affect
the learning of mathematics and )change the mathematics
curriculum. One ex/2133;41e is Green Globs. ,developed by Sharon
Dugdale and published by CONDUIT and Harper & Row. This program
uses microcomputers to establish an exploratory learning environ-
ment. In Green Globs the student tries to write equations which
which will plot curves to pass through thirtqen randomly placed
green patterns on the screen. The goal is to "pop" all the globs
with as few graphs as possible. The computer will draw the graph
of whatever equation the student enters. The student can see the
r and nd make subsequent entries accordingly. The computer does
not tell the student what to do or evaluate right or wrong. Rather,
Green Globs provides a manipulative environement in which the stu-
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d nt can explor , see "what happens it I try this": and
a onceptual mo el of fUnctions and graphs. Discovery Learning
i rigonometry, also from CONDUIT, and Darts, part of a PLATO
package from Control Data, also incorporate this learning approach.
There is very little such software now available in mathematics;
much more needs to A developed.

In spiter,of the large number of mathematics software titles,
many important topic areas are not covered. Poorly represented
topics/ include ratio and proportion, applied math (other than
consuier math), probability, estimation, Boolean algebra, complex
numberi, solid geometry,, and analytic geometry. The swing away

mfrom "new math" shows up here, for there is little software
0 addressing_sets,'groups, axiomatic algebra, or alternative number

A bases. ETEept at the elementary or remedial level, there are no
comprehensive software packages that could be used throughout
common courses such as algebra or geometry. Algebrra, a course *
required for most students but understood by few, would warrant
the cost developing a substantial, comprehensive, integrated 1

softy e pac age.

An Agenda For Action: Recommendations for the Eighties., a
publication of the National Council of Teachers of Mathematics
(NCTN,,1980), sets problem solving as the important central, theme
that should permeate all mathematics instruction. The
microcomputer offers an immense, almost totally untapped,
potential for facilitating th s with its number-crunching,

i111graphics, and database capabil ties.

The computadtional power of microcomputers also offers the
opportunity to use real-world data to combine math and science.
A project funded by the National Science Foundation and the Apple
Computer Corporation, recently completed at the North Carolina
School of Science and Mathematics, developed courseware along
these lines (Davis & Frothingham, 1981). One can imagine a
simulation for population growth in which it is possible to
change the parameters and study the consequences of these
changes, 4nd diatabases which allow testing real-world 'population
data against these various growth models.

Areas of Need

The preceding topic-by-topic review of available software
reveals a number of areas where needs exist for new mathematics
and science software. These needs will be reviewed in terms of
topics, styles, and the intended student populations.
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There e a number of important topic areas in mathematics
and science or which little or no educational software exists.
There is alm t no softwAre treating science topics outside the
usual biology chemistry/physics curriculum thattould be taught
at the precollege level - such'areas as psychology, physiology,
health sciences, technicsl occupations, technology, beginning
engineering concepts, earth sciences, and advanced science topics
at the'collelge/high school border. There seems to be a
surprising shortage of software that treats advanced math topics,

t)1
especially calculus, analysis, rigonometry, and analytic
geometry. Software for geome ry and-algebra is spotty.

There is also a shortage of elementary scho41 science
sqftware. One interesting,idea in this area would be to use
microcomputer software to revitalize some of the excellent
science curricula developed during the 1960s. One could take
advantage of the tremengeis investment those projects represeited .

and produce educationally sound, large -scale curricula at a
fraction of what it would cost to start from scratch. The only
effort of this sort is at the Undversity'of California at Irvine
(Arons, Bork & Collea, 1981),

Software in the math/science areas is curreatly,Oominated by
material in drill and practice and tutorial styles. his does
not mean a lack of opportunities for new software in these
styles, particUlarly since the qUantity of titles tends to
exaggerate the amount of good instructional material available.
Nevertheless, it seems there are strong opportunities for
software written in other styles.

Microcomputer-based laboratories (MBL), represented by only
a handful of available products, is a style of software with
particularly strong promise. MBL is of use with both gifted and
disadvantaged students and has applications in all'of the
sciences and mathematics at all levels.

There is a great need for software written in a style that
creates an environment for students to learn by exploration: such
software as microworlds, simulations, and games. Ven this
software takes the form of simulated laboratories, there is less
need for simulations of traditional school laboratory experiments
than there is for the.simulation of situations that would
otherwise not be practical or sate.

The'bulk of the available software is geared to the average
student in schools. There is a great need to direct software to
special populations: students for whom English is not the native
language, students with special learning needs, and learners at
home.
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Given the large number of Spanish-speaking students in the
U.S. and the major efforts that have been made in bilingual
education, it is disappointing that so little software is
availabile in Spanish. The bulk of the available math and science
software is elementary arithmetic drill and practice. Heavily
text-oriented011aterialse such as drill and pract4ce, requiee a
substantial rewrite to be adapted to Spanish. Hdiwever, many of
the more imaginative software packages, in fact, have very little
text and would be relatively easy to adapt to Spanish and other
languages.

A significant amount of the available software might be
useful to students'mith special needs. But before we can
reliably use existing software with special needs students,
either our understandintof what makes software useful to these
students must improve or procedures must be-instituted to qualify
software empirically for special populations.

It is important to realize that special needs students cad
\utitize not only rote drill and practice but also more
eimaginative aoftwafe, as has been shown in landmark reseafch with
the Logo language (Goldenberg, 1979).

There are opportunities that would improve
microcomputer-based learning by students in math' and science
which do not involve writing new software but rather involve
tftilizing what already exists more effectively. Often teachers
ipeed curriculum material or teaching ideas to use some of the
more powerful software packages. Any of the general-purpose
computer languages can be used in many ways to augment math and
science instruction. Traditional text publishers and publishers
of supplemental educational materials are beginning to take
advantage of these opportunities. An example is muMath, a
utility that supports Symbolic, algebraic, and calculus
manipulations. The software exists; what the teachers need is
help in seeing how this facility could be used in teaching,

One last need relates to the current explosion of low-cost
computers for which there is little educational software. Mucll
of the software reviewed could be'run on computers in the
$50-$300 range. Additional savings could be realized by
networking, especially in MBL applications. Hardware choices
will increasingly be made on the basis of th, availability of
software, so schools will be able to take advantage of low cost
hardware only when a substantial body of software exists for these
computers.
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Quality

It is very diff
software, since diffa
software. Many obser
quality. For instance
reviewed, and only 3-4
some extent, these nega
between available softwa
requirements and expectat
and practice software as i a
the perfect remedial lesson am
number of textbooks for most c
differences of opinion about 1
autonomy that color teachers'1

.D. Evaluation

cult to comment on the quality of available
ent users look for different properties in
ere feel that software is of quite low

in one report, 4,000 titles were
were fgund-acceptable ,(Bracey, 1983). To
ii* attitudes stem from a lack of fit
e an in individUal teacher's

One'person might:reject all drill
cable, while another might find

nag these rejects. As the large
urses attest, there are great
nguage, scope; and student
valuations of software.

There is no doulbt, however \that a substantial amount of
available software is trivial, nimaginative, and does not use
microcomputers well. This kind of software is Often the easiest
to write and fastest to enter the marketplace. There are
encouraging signs that more quality software is entering the
market. Grant-supported software 1 being completed and
commercial investments in substantiil software packages are
making an appearance. There is a growing appreciation of the
importance of making software user-4. endly and an increasingly

4clear idea of how to accomplish this rough layout, fonts,
color, menus, on-screen prompts,. hel4) cilities,, and good
documenta.tion. More advanced hardwarT nd prograMmin techniques
make some software faster, more lnteric ve, and far more
powerful than earlier efforts.

In spite of this progress, one sen that software could be
much better. The occasional truly unique s ftware package like
Rocky's Boots, reminds, us that much of the software is not

creative or original. IP only.more creative minds were put to
educational invention, perhaps many more ii7ortant new, packages
could be generated and made available.
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ReViews.

01.41
Teachers and sch41 personnel are clamoring for software

reviews. These reviews are needed in order to arrive at purchase
decisions,for hardware a well as to help select appropriate
software for instruction In response to this demand there are
an increasing number of p blished reviews of educational`
software. The Software F nder lists journal reviews' of math and
science software tom d erent journals. The Spring. 1983.
edition contains one or mo citations for reviews of 206 math
and 125 science software pakagep. Many of the published reviews
are in computer-related journals and therefore may not reach a
large number of teachers who o of read these journals. The' .

science establishment in part cu ar has been very slow to
incorporate software reviews into its regular publications. In
addition to journal reviews, Cher are two major national review
operations underway. The RICE da abase, emanating from the Northwest
Regional Educational Laborator3; an available from Bibliographic
Retrieval Services (BRS), contains reviews of over 1,400 software
pac ages, with 338 on math topics and 184 on science topics. The
Ed cational Products Information Exchange (EPIE) is using
cl ssroom teachers who have received training in courseware
analysis to review microcomputer software. These reviews are
available on a'subscription basis.

. There is one unique publication in the area of reviews',
namely, The Digest of Software Reviews: Education, edited by Ann
Lathrop. This is a compilation of available reviews .for selected
software.

Not all reviews are free from:sources of bias:- With the
exception of EPIE, whiCh has adopted the Consumer Union approach
to purchasing software, most reviewers are dependent. upon free
software samples submitted for review. Reviews that appePr in
computer 'magazines can be closely tied to the publishers through
advertising. This, combined'with the natural enthusiasm of many
reviewers for any software, might be the reason that the vast
majority of reviews are favorable.

Review Methodology

A great deal of effort has been put into the' methodology of
software reviews, led by early work done at the Northwest Regional
Educational Lab by Edwards, goltznagel, and Marler (1978). This has
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led to a proliferation of review forms and review techniques.
For a summary and sample of these, see JoneS and Vaughan (1983).

There are problems with some 1if these approaches to
evaluation. First, there are so many different kinds of software
that no one evaluation form is' appropriate for all. More
important, however,.is that many of these forms tend to
concentrate on objective details and avoid'answering the two :

questions that teachers ask moat: 1) What is the content of the
package7,and 2) In there any advantage in using this software
over print or other media? Mealy teachers simply need a
reasonably detailed description of what a particular software
package does. With thiS information they can make a decision
about whether the software is of value in their own particular
-teaching environment.

Review Costs

Reviews are expensive. It is impo ant in many cases to
review educational software in the cl oom and to compile
opinions of a number of teachers who tried the software,
cui.riculum experts who have observed and subject matter
consultants who have reviewed it for curacy. Even if economies
of scale are achieved by 'reviewing 1 ge numbers of software
packages,-this process could easil ist $1,006 or more per
software package.

An interesting' example of the kind of mistakes one can make
in evaluating software without classroom trial can be seen with
the package Geolosv Search.. In this simulation, designed for
use with a class consisting Of groups of 5-7 students, important
information appears on the computer's monitor for only a fey
seconds. Most reviewers criticized this format, but in fact it
was. deliberately employed because it fosters cooperation between
students. Each student needs to take responsibility for
recording part of the information or vital facts will be missed.
The use orthis device assures the involvement of every member of
the group in the game automatically. without instructions from
the teacher. This illustrates the risk involved if, for the sake
of economy, classroom trials are omitted from the evaluation

.

schema.

This high cost of review of educational software raises some
very difficult questions. Can professional or commercial
journals - the traditional sources of educational software
reviews - afford this cost? Can schools or state agencSes afford
to Pay many times the purchase price of a piece of software just'
to review it for potential purchase? The 1,713 math and science
software packages could easily cost_ $2 million to \veview
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properly )/at the current rate of production of 1OO new packages a
month, $100,000 a month would be required to stay on top of just
the commercial software. in math and science.

P

. ,

.Electranic Review

The.high cost of software evaluation tends'to indicate that
. Some method of sharing evaluatiire information would be of
tremendous valueAD...44W-educatidnal community. We have been.
intrigued for some time about the use of public access databases
to impiove the '.flow of information about software. There should be 6
some electronically accessible file of sofcware desciptions and
,evaluations to which educators can contribute new evaluations an
comment on existing ones. This tloul reduce the cost of
reviewing atthe same time that i would increase the relevancy
of the reviews because teachers from the:field would' add comments
on their personal,experiencovq;h,the software. le addition, we
,envision such a service as a way to find local,resourcepersons
who have used the softWare and"can be consulted about its
useiulnels. We made the database generatelPfor this project -
- the Electric SoftWar - ,available during the project
period for access and comment, to' test these 4i.deas-

.,

Two questions tare raised by the passibility of such a
dial2up database of software, information. First, who would use
At, .and-Nec6ndly, would they contribute reviews to the database
'as wel1.4.s retrieve information from it? Wit asked these
questions' to our sample of math sand science teachers.. Based on
119 reLsponses to questions concerning a dial-up database,
seventy -five percent indicated that they would .use it; 51%
definitely, and 24% if it were not too expensive. Only 1-5%.

41"indicated' that they would not use a dial-up database.
IntereSI.1Agly, 75% of the respondents also indicated thatithey
would- contribute reviews to such.A database. Thus,..we believe
what a low-Cost alternative in mathand science to printed
,educational sof.tware reviews would be the use of contributed
reviews by classi+oom teachers maintained on an electronic
'database.

In contrast to.the optimistic statistics generated by our
A, iquestionnaires is the low,utilization of the alrady existing

RICE Noftware data base maintained by the Northwest Regional"Sduca-
-.

tidnal Laboratory on the Sibliograghic RetrievaV Service (BRS)system. BRS is not able to monitor use of thisparti!ular file
and. so. use StatiA ics are not available. However, in our
contacts with te hers: we find almost, no one who his aware of then
fitg's.exiote e and, with the exception of ibrarians, no one
who. This "might-also be due to the relative

" dYfficul444,ty in devising search strategies an this database.

.
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E. Information Dissemination.
,

While magazines and journals are extremely important sources
of information about software, teachers inform themselves in
many other ways. Roughly one-third report finding out about
.software by word-of-mouth, presumakly through professional
contact with colleagues. Another one-third of respondents

i
reported that catalogs are one-quarter find out about
software at conferences; and -fif h through direct mailing's.
One-eighth learned about software ttitough vendors and computer
stores, and an equal number through reviews in magazines. Only
eight percent reported salespeople were a source of software
information while 15: reported still other sources, such as
inservice workshops, user groups, and regional centers.

Software vendors are making a major effort to inform
teachers about the available software. Software advertising is a
major source of income for the many"computers in education"
magazihes and journals. Software suppliers also play a major
role in many of the "computers in education" conferences through
displays, space rental, fierce workshops, and presentations.
Software is generally, not sold throUgh commission sales and
therefore sales people do not represent a significant source of
software information dissemination. On the other hand, software
vendors do offer free workshops and informational meetings for
groups of .potential purchasers.-

In_spite of all these dissemination activitdes, it is
extremely difficult for school personnel to know about all the
software that is currently available.. We have numerous examples
of school people. suggesting the development of software which
unknown .fo them, already existed and was on the market. In
general, it seems that the dissemination effort for software is
not yet reaching -average teac4er, but rather computer
specialists, audi isual coordinators, and librarians.

. One interesting dissemination development is the emergence
of a number of catalog-based software distributors. The.se
catalogs provide a low-cost dissemination mechanism for the small
software developer. They also provide a number of important
functions for4the schodls including one-stop Shopping, uniform
return and review,pol4cies, and a level of quality assurance.
Examples of these catalog sales operations include J.L. Hammett
Co., a traditional,sup'plier to schools, which carries a
comprehensive line of software, Cambridge Development
Laboratories (CDL), which deals exclusively in science hardware
and software including some of its own developments, and
Educational'Materials and Equipment Co. (EME) which has a broad
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range; of math 4n science software as well` as, other topics. In
most cases, the oftware distributed through these catalogs is
not exclusive; at is, it is available from multiple sources
although usually at the same pride.

F. Acquisition and Use,

School Use of .Packaged" S%oftwale

.
V.

It seems that the use of'topic-orie, ) d packaged software is
in its infancy in schools. Many scho.11%40re just getting their
first computers and are putting their'. mary emphasis on
programming. They have not allocated unds specifically for
software and are.onl nnin ddress the question o,f
softviare acq on.

C n fluting to this situation is the difficulty.expresied
by te ers in using prepackaged software in thei.P instruction.

t every piece of software embodies an educational
losophy, a set of prerequisite skills, and a particular .

eading level - any one of which may make it difficult to 'fit
nto an existing curriculum. Thus, the extensive use of
topic-oriented software requires either curriculum modifications
or extensive searches for software that fits in.

1

11
4

Large Packages

These adaptation problems mitigate strongly against large
integrated software packages. Seventy-nine percent of math and
science instructors polled woud.prefer not to use large
innovave curriculum packages but instead would rather use
smallyki.stand-alone units. If people could find high quality
packages that fit the existing curriculumand had good management
features, they might be more widely used. However, many teachers
expressed unwillingness.to,risk large amounts of money - in some
cases their entire software budget - on a single package that
might not fit in and would force a curriculum modification that
they would be unwilling to undertake.

We suspect that large software packages also represent an
opportunity cost to teachers. A .major commitment.to a large
package lessens the probability that there will either be the



Programming

-dt

41-Thelmost common use of comput . s by math and science faculty
is to teach BASIC and then to have students program in BASIC to

explore and to solve problems(drawn from topics in math and

science. Three-quarters of respondents were using microcomputers
to teach BASIC and two-thirds of these reported their computers
were used extensively for this purpose.

It is interesting to note the overwhelming vote of

confidence given to BASIC in this regard. Logo was reported in
moderate use by one-fifth of our respondents; Pascal was teported
by only 4% and used only in moderation; and all other languages
were used by only 6% of respondents, with use ranked a low 2 by

theie users.

It is interesting to examine in more detail the significance
of this finding in light of the fact that we were asking not
about computer literacy but about math and science instruction.

'It would seem that, from the perspective of these disciplines,
having studehts knowBASIC is an important objective. This

finding must be tempered by an understanding of the respondents;
In many cases the people. who are advocating the use of computers
in the school have a mathematical or scientific bent. Since

computer programming is widely perceived as the first step i
computer literacy curriculum, these same math and science
teachers end up teaching programming. Thus, at least s of the

interest in teaching programming is not directly relate math

and science instruction per se.

Software-Free Uses

The literature abounds with examples of computer uses in

math and science that do not require commercial software. One

author (Whisnaut, 1982) has written simulations of expensive

instruments. ilen when schools have these instruments in the
laboratory, Whisnaut feels that the software simulations allow
students to use the real instruments more quickly and learn more

in a shorter period of time, thereby making the very limited
amount of expeneiVe instrumentation accessible end meaningful to
a larger number of students. Another teacher, a high school
biology inglructor, has developed a personalized of in-

struction (VS11 environment where all kinds of instr ctiona1

inaterial can be utilized. As part of the course students write
packages,which are than utilized in the PSI course. Seventeen
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funds or the interest in purchasing unique small packages that
may have important educational applications.

Thus we find schools are hesitant to use large packages that
simplify purchasing. But they also seem' nee to have undertaken
the formidable job of reviewing and selecting significant numbers
of small packages that might be of use ifAnstruction. "

One piece of evidence for this latter assertion comes from
the responses to a, question we asked participants. concerning
their favorite pieces of software. k surprising, number Of people
did not answer this question and indicated that they di'd not have
favorite software or software suppliers. The only softwareso4rce
mentioned a significant number of times wag Minnesota Educa-
tional Computing Consortium (MECC), listed by Slightly less than
one-third of all respondents. The Milliken Math Sequences was
listed by 10 respondents. All other software vendors and titles
were mentioned less frequently. To some extent this can be
attributed to the fragmentation of the market, but it Is, at
least in part, attributable to a lack of'.familiarity .and knowledge
of topic-oriented software packages on the part of teachers.

pse of Logo

, One of the interesting omissions in the discussions Iiith
teachers concerning math software,was the Logo language. 'Pefhap
because our methodology tended to emphasize software,packagea
instead of languages, but alio perhaps because this Accurately
reflects teachers' perceptions, Logo ;was not widelyMentioned in
regard to math teaching. It is perceived ad a language suitable
for early introduction to children but justified in terms of
computer literacy and not math instruction. This view was at
variance with that of its advocates,i0o emphasize the geomelricaj
richness of Turtle Graphics and the importance in math ofk,the
procedural thinking which the language encourages. Papert (1981)
speaks of Logo as providing a "Mathland7 and, emphaSizes the
"experiential learning math students lain through;' exploring this
land br use of the language. His view does not seem to have
gained wide currency at this time. Only.,six teachers reported
Logo as one of their favorite software tA.14s, and 21% of schools
responding reported teaching some Logo but,at a low frequency,
below 2 on our scale of 0-5.
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packages hate been developed by students including drill and
practice, simulation, games and tests (Tocci, 1981).

In other typical application, a collection of programs
from g dents and collegues was used in a physics course.
Software included a demonstration of a 4-stroke engine, a
simulation of a Maxwell Boltzman distribution, an orbit
visualizer, labowatoory analyses, and oil drop experiment gains
(Rowbotham, 1981).

There are many reasons.why this kind of microcomputer use is
attractive in the schools. It requires no software; it can be
done on any computer, including the least expensive; it is a
skill that is relatively easily transported from one machine to
;another; and, when done properly, it can be a:powerful way to
learn math and science.

Popularity of Styles

ti

1

U

1

When commercial software is used to teacti 'lath and science

topics, the most popular technique. is,drill snd practice.
Three-quarters of respondents report this to be an application of
their computers of moderate frequency, averaging just above 3 on
our 0-5 scale. We find drill and practice. used in both math and

science at all levels, but with higher frequency in mathematics
and higher ftequen at the elementary levels. These findings
mirror the commercia ly available software which has a
preponderance of dTil and practice materials, pbrticularly at
the elementary level.a d in math. Drill and practice material is
attractive to schools b cause it is widely available,
inexpensive, ea erste locally,.and satisfies a perceived
need in education: pra dice in basic skills.

The second mos popular form of, educational software is

simulations, _split' t equally between simulated laboratories
and othir kinds of lations. Approximately half of all
respondents reporte using one or the Other or both of these

kinds of simulations. The interest in simulations was led .by

science teachers, representing the most important kind of
software for high school scipnce instructors. Among respondents
who use simulations, the frequency of use wet only moderate,
ranking 2.5 on a scale of 0-5.

One of the most striking things about simulations was the
broad-based enthusiasm that we uncovered for this style of

programming. When we asked practitioners what advantages
microcomputers had over other means of instruction, 18%
volunteered some comment about simulations and the ability these

4
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give students to change variables and explore the consequences of
those changes. When asked what kind of,software should be
developed, the overwhelming favorite was good simulations with
animated graphics and user-controlled variables. Science
teachers, in particular, seem to have embraced the idea of using
simulations as a means of bringing .a controlled part of reality
into the classroom and permitting students a quantitative as well
as qualitative method 5,f exploring topics which otherwise could
not be addressed.

!"1-7 Educational games are another form ,of software which is
widely accepted, reported by 70Z of respondents, but used
with low frequenc (2 on the 0-5 scale). Although we did not ask
our respondents this explicit it is our impression that the**
majority of these games dependmeliahh_l extrinsic motivation, using
scoring and competition to enliven drill and practice. Thus, the
high ranking given games probably a carry-over from the high
ranking given to drill a d practice. It should be noted that
non-educational games, r frequently used, particularly at
the elementary level, either\ as a reward for good performance or
as part-of familiarizing students with the use of the computer.
It may have been the kind of-use reported by some teachers in
this category.

There has been a lot of controversy concerning the
educational use of games. Because'of commercial video games and
the widespread selling of game software for home microcomputers.
microcomputers have been stigmatized as merely "toys", capable
rly of gamest. In addition there is the deep-seated feeling that
4ducation is serious business and hot a game. In light of this,
the' 70% acceptance of educational games as one role for
microcomputers in math aXI.science instruction is remarkable.

The final widespread use of microcomputers in math and
science instruction involves their use as computational tools.
About 60% of respondents reported using their computers in this
way with moderate frequency (2.5 on a, 0-5 scale). One of the
most popular items ,in this category is the use of graphing
utilities which can rapidly display plots of mathematical
functions 403, the student changes the value of the given
variables. This is. 'an example of the perfect use of a
microcomputer to 4o what is impossible by any other means and
which brings a great deal of clarity to a topic which
traditionally is harA to teach and difficult to learn.

Another type of tool application includes having students
write programs for computational purploses such.as the calculation
of pi or a planet'S orbit. It is our impression, which we did
not confirm by direct questions, that the popularity of student
programming leads to t-he moderately widespread use of 'the
computer as a computational tool.



Equity Issues

Many observers al4 concerned that the educational use ofcomputers will be inequitable and exacerbate imbalances alreadypresent in the U.S. society. Less affluent schools erejesslikely to purchase computers and have lower numbers of computersper student (Braun, 1980". More important, poorer schools alsotend to. be less able to provide in-Ball-vice training for theirteachers on computer use, less able to buy'varied software, andless likely to allow `their faculty to initiate software
requests. As a result, poorer schools are more likely to use
unimaginative software and software that explicitly instructs thestudent. This may have the result of leaving students with theimpression that computers control them, whereas students frommore upwardly mobile suburbs are learning to control computers.In a society that will make constant, multiple uses of computers,the sense of control and mastery one has over computers could

.become an important determinant in, the careers and opportunities
to which an individual can aspire.

It is importA to realize that hard data about the number
of computers and the quality of their use as *a function of
socioeconomic student background are very hat'd to obtain.
However, a growing amount of anecdotal evidence seems to indicatethat this is a very real problem (Center for Social Organizationof schools, 1983).

A related issue that has not received the same degree of
concern is the amount of access to computers of students in
precollege vocational and technical programs. In our review ofsoftware we found almost no commercially available software aimedat this'population. Furthermore, we found very few examples of
schools in these categories making extensive use of computer
software. One exception to this trend is Minuteman Vocational
and Technical School in Lexington, Massachusetts, which not only
uses computers extensively but has developed its own directipry of200 microcomputer ghoftware tines that are used in support of its
'academic programs. It also has some specialized Computer-Aided
Desigh/Compter-Aided Manufacouring (CAD/CAM) hardware and
significant support from parents and faculty. (Miller, 1982).
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V. THE SOFTWARE POTENTIAL

Software can load to substantial improvement in math and
science instruction. It can increase student learning, lead to
greater achievement, ,improve teaching productivity, and in the
future may reduce educational costs. Appropriate software by
itself cannot redress the major problems facing math and science

instruction: inadequate budgets, snderprepared staff, and
Insufficient inservice and presery ice training. The appropriate
use .of software requires additional funding, staff with a deep
understanding of math and science teaching, and access to
training in the effective use of microcomputers. When all these
conditions are met, software can make a substantial contribution.

We have divided software into two categories:, That which
teaches material explicitly through tutorials, dialogues, ordrill and practice; and that which provides opportunities for
exploration -- primarily through simulations, software tools, and
programming languages. It is the second kind of software that
seems to have the greatest potential for increasing student
learning. On the other hand, material that is more closely tied 2,to current classribem needs, that is, more explicttly pedagogical,
has an role in increasing student achievement in
traditional' courses. Both of these kinds 'of software offer
substantial opportunities to improve teaching productivity
while sometimes redu6ing cost. In the section which follows, we
consider how software can lead to increased learning and greater
achievement. The potential of software for improving teaching
productivity and reducing instructional cost is also considered.

A. Software fel ncreiSty Learning

There are many indications that microcomputer software can
increase the range and depth of topics that can be successfully_
covered in math and science courses. more importantly, this
software has the potential to help students develop fundamental
skills in problem solving and to use their own learning strengths
in approaching a problem,. The three major kinds of software
which have the greatest potent ;z,f)or'' improving student learning
are: 1) simulations; 2) softy tools; and 3) programming
languages. While there hasbeen little educational research
demonstrating the impact of these types of software on student
learnirfg, many educators have, reported anecdotally on the
potential impact of the software.
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SimUlatIons

Simulations are used in a number of different ways. In its
purest form, a simulation is a model of some aspect of reality,and a student isi\encouraged to explore this model by interactingwith it. Samett'hes this kind of simulation'ls labeled a micro-world. One' way to use model or a simulation is to introduce
a goal and a scoring algorithm that determines how closely thestudent reaches the goal. It tuins the simulation into it game
and provides motivation for exploring different aspects of thesimulation. This particular kind of computer game, which hasbeen labeled an intrinsic° game, should be.distinguished from
simply to learn the material being preseffted. Simulations are
'extrinsic" drill and practice games whece the main goal is
intrinsic games because the material to be learned: is essentialto playing the game ( Malone, 1980) .

IWith some simulations, it is possible for the\ittudents to
build their own simulation models, thereby gain$ngit..a much deeper
understanding of the Undepying model. Model building takes
place :at the boundary between mathematics and science because itforces 'students to think about the underlying ideas of science
whole question of model bias is Bide- stepped because the student
and state them in a way that can be explored mathematically. The

creates the model and, in fact, evaluates its validity in termsof how accuu,ately it reproduces reality.
One. of the Most interesting educational applications of

model building has been the work of Roberts 1(1981) I who hassimulated the adaption pf the modeling language Dynamo to
microcomputers, and has developed teaching materials which

111are effective in teaching middle- and high-school students
to generate their, own dynamic models.

Educator's caution that in order for simulations to beeffective, some teacher guidance is required (Bork, 1978;
Peters, 1983) 6 In many simulations, the user explore?, ,thee
model bylcontrolling a set of parameters and observf the
effect of these parameters on Ahe model. Bork points out thatunless some guidance is given, any studentS will randomly set
with the whole process long befortrthey have discovered' the
these variables and get absurd resylts. They will get bored
relationships that teachers consider interesting in the model.
Bork suggests using guided exploration whirs default values for
the parameters are provided, along with suggestions far st.udy.Peters calls for a script as an alternative to textbooks which
alliows students and teachers together to learn from computers.

what effect do simulations have on student learning? The
MIT Logo Group, in one of the few studies of the educational
effectivsness of simulations, has shown that students who use
microwoildeat model the dynamic behavior of objects improvetheir performance in a traditional, physics course (Whi.te, 1981) .
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In one of the best controlled studies of simulations,
Anderson (1981) exposed students to a variant of the Huntington
II program Pollute for brief 10-minute episodes. The goal ofthe study was to detect ancillary learning and attitudinalchanges, and it was found that students who used the simulation
learned the material better than students in the control group.
Differences in scores were significantly, higher for the simula-tion group, both immediately after the intervention and sixmonths later. This study shows that simulations can effectivelyteach the content of science lessons. In a similar study, Hughes
(1974) showed that students can make significant achievelnent
gains from simulated physics laboratories.

Within the realm of mat emetics, Engle and Payne (1981)
report effective use of simu ations that are developed. by eitherteachers or students. They eel that models in particularfacilitate the connection be wean the real world and the somewhat
abstract world of mathematic (Darfier, 1978) .

Based on the limited evidence that is available, Peters,feels that simulations will play an important role in the
educational revolution that Will be caused by computers. Theinteractive nature of simulation's is a particularly compelling
feature for learning about math and science. According toPeters (1983): "What could be a more natural applicatiop in
the sciences than to allow students to go beyond the confinesof the laboratory or field investigation...and carry out as many
simulated investigations as they like focusing throughout onthe logical problems of experimental design (and] hypothesistesting?"

Simulated Laboratories

Simulated laboratories are a speciil kind of simulation.
The defining characteristic of a simulated laboratory is that itis a simulation of material traditionally covered in educationallaboratories. In all other respects, the software required for
simulated laboratories is indistinguishable from that of otherkinds of simulations. The most common kind of simulated labo-
ratory adheres very closely to laboratories currently used in
science instruction. Such simulations are sometimes used as a
pre-lab, particularly in chemistry, to give students familiaritywith the real laboratory which follows. This can reduce the
amount of time students need in the laboratory, reduce chemical
losses, and minimize expensive mistakes. This kind of softwareuse is widely accepted in all disciplines, especially in
chemistry. For example, Butler and Griffin (1979) used simulated
laboratories on the PET as pre-labs and claim that this usetimpli fies laboratory experience.
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Two concerns have been raised about the use of suchsimulated laboratoriee. First, the idea of using a pre-labso that students get procedures right tends to !aaphasize the
cookbook nature of a laboratory experience. Thit may beappropriate in certain labs where correct procedures andrelat ills are the primary objective of the laboratory.But pre-1 s of this simulation type may work again t the goalsof labors ories where student's are expected to lea n through "exploration and problem solving. The use of pre, -1 s toemphasize 4. correct, procedures may leid to an- i r easedemphasis *la& cookbook approach to laboratories. waver,
Palmer (1981) claims just theApposite-.that the so are avoidsthe 'mindless' collection of 4ata syndrome because students whouse the pro-lab are better able to, understand' what is going onand to subsequently gain froM the real laboratory.

The second concern is that simulated laboratories may \ -come to replace real labpratory experiences. Laboratories areexpensive; they require special rooms and special resources.Recently, there has been a hypersensitivity to safety issues thathas all but banned many classroom chemicals. If these forcesresult in the substitution of simulated laboratories for reallaboratories throughout the pre-college curriculum, studentswill lose an incredibly rich and impoitant part of the learningexperience.

There is another class of liaulated laboratories thatrepresents a net addition to the repertory of science teachingbecause it permits a form of student experimentation on systemsthat would otherwise be inaccessible because of cost, time,scale, safety, or other reasons. One of the most popularsimulated laboratories of this ty involves genetic br ng.Breeding experiments that ,would t ke months or even years cbe done in a single session at the computer. Other popularsimulated laboratories in this cafe ory allow students to
experiment with the motion of planets, electric ::power reactors,and the entire economy.

or

a

Cromer (1983) specializes in laboratory simulations. Underhis direction at Northeastern university about 4,000 students in ,#the past three and .one-half years have done about 201 of their
,laboratory work in this mode. He has students actually measuringwith rulers and stopwatches events' that take place on the videoscreen. °By measuring the period with a stopwatch and the radiuswith a ruler,- the student determines the mass of a laboratory-size star' (Cromer, 1983)4 Computer simulations offer anopportunity to introduce new exper,iments into a conventional
laboratory, and for institutions that have no laboratory, a wayof exposing students to some experimentation. The danger is thatsome schools may see the availability of computer simulation asan excuse for not providing experiences where the student canexplore: this must be guarded against.
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Microcomputer-Based Laboratories

One of the most pro sing ways of using the microcomputer is
in a real- - not" simulated- laboratory for direct measurement andcontrol. In these applications, which we label microcomputer-
based laboratories or MBL, the computer is interfaced to the
laboratory and can directly gather, analyze, and display results.While, this type of application has not gained 'widespread
acceptance, it has been proven luseful' with students from fourthgrad. through college (Engh and Ratzlaff, 1980), These authors
state three advantages for thiii kind of approach: Fast &feedback
permits students to evaluate immediately and maximize the amountof experimentation done; the computer can actually save money by
'replacing expensive hardware; and the system is quite flexible
because enhancements to MBL are largely a matter of software.

Tinker (1981) also emphasizes the fast feedback and the
consequent increase in the amount of experimentation ,students
can undertake.' They state that the increased control over the
experimental situation the students have in MBL -type applications*
makes it possible. for students to have a greater, degree ofparticipation in the direction of their investigations.

One of the important aspects of MBL is that 4t makes
relatively. abstract ideas quite concrete. Students can measure
heat flow, light level, and force, and relate .these concepts totheir own senses. The computer has the ability to quantify and
extend their senses into a wider range of measurements and in
time domains that are outside students' sensory capabilities.In our initial observations, this process 'f extending one'ssenses was so immediate and obvious that students quickly b= an
dealing with abstractions which, from a cognitive devel.-- t.
perspective, would seem unlikely. Students can create andinterpret graphs, they seen to. be able to appreciate thesignificance of statistical variations in data, and they,can
learn to work with decimals and units much sooner than. has beencommonly assuzed possible.

Presumably, the cognitive explanation for this is that the
degree of abstraction of these constructs is in the eye of the
beholder; if students can relate points on a graph to concrete
events that they have performed and sensed, then the graph is
not nearly as abstrac. an ideas as it was when presented in a
mathematical context./ Perhaps it is not that the students are
able to grasp more abstract ideas earlier, but that some ideas
that we thought were ,fairly abstract can be made more concrete
through this approach. This hypothesis needs more investigation
by educational researchers.'

A number of scientists have ,developed software for MBL
app ations (Cromer, 1983; Ford, 1983; and Sparkes, 1981, 19R2)
The ac k of associated laboratory interface required for these
applications creates a problem in many' teaching situatiOns.
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However, experiments that measure reaction time (HRM Software)and memory and cognition (CONDUIT) are available a,nd do notrequire laboratory interfacing. Recently,.a number of productswhich combine software laboratory equipment and guides tg. theexperiments, thus greatly simplifying the hardware problem, hay.e..,appeared on the market. (Sources include HRM Software, Cross,Cambridge Development Laboratory, EduTech, Pasco, VernierSoftware, 'and Atari Corporation.)
We feel there is a great deal of educational potential Incombining the data gathering and modeling capabilities of aMicrocomputer so that students could, both gather data andgenerate models to explain these data. Properly done, thecomputer could handle all the drudgery of calculation, datagatherineind storing, and graphing. The student would then befree to concentrate on the process of gathering and explainingabout the natural world. 'lb the best of our knowledge, noone has attempted to combine mBL and modeling activities in thisway at. the pre-college level.,

User Acceptance of Simulations and Lab Software

When we asked mathematics and science teachers &Its,/microcomputers can meet their needs, a large number describedapplications which were !some' form of simulation. Teachers wantsimulations with high quality;graphics -and user-controlledvariables'. Tjese are perceived as being highly motivational,unique, capable of presenting relevant topics, and capable ofintegrating mathematics and science. They ant also seen asbeing an excellent problem-solving tool with the abil ity toindividualize instruction. Simulations were perceived byrespondents to be important because they gave students immediate.feedback in a highly interactive environment by: quickly demon-strating the results o,f manipulating. variables. When asked whatadvantages microcomputers hod over other means of instruction,
Ifully 18% of the participants mentioned the user control thatcould be obtained with simulations. When ask& what softwarethey would like to see developed, the overwhelming favorite was. .

I
additional.simulationsv with animated graiphics and user- controlledvariables. ..

1

we asked science tea hers a nisaber 'of questions related tosimulated laboratories and icrocomputer-based laboratories.Fifty-one, out of 58 respond nts felt that .MBL applicationx,were agood or excellent way of using, microcompisters. Of the seven thatdid not respond positively to this application, five expressed.concern about its costs. Fifty-eight out of 62 respondents- fel tthat simulated laboratories were a good idea; four were concernedabout the replacement of real laboratories by simulations. I
.
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In order to get some Sense of how important these computer
labo'ratory .expetiences were, we asked participants how much .
time they would have students spebda on the various kinds of
activities. ThqreSpondents tended to put equal emphasis on
non-computer laboratories, computer-simulated laboratories,
and computer- inter facid 'loratories. These data indicate

atth science "teachers are enerally enthusiiistic aboutslatulated
labloratbries. and mBL activities and would use them to enrich
stkitieht iirearning'..expeciences in the laboratory.

, .

Socotware Tools
a

Student. use of softJare. tools for calculations, graphing, . 1

data anelysis't, and data ..re,trieval should be an important part
of nfathematics- and ,sc'inince",education for both pragm'atic and .

pedogog idal peasons. The pragmatic reasons are that4these s
are widely used in mathematics, scienCe, and related ocefupdtions, ..

and thus represent important materna, froln a Vocational and, . ;cyltural,viewpoint. .M,Ore important, however is the, fact that .

these tools ardapedagsigictlly valuable because they ,enlarge the
domain of content areas that stWents,aanJexplore and learn.

.ri ,

The use of computek tools for computation, of ccrutaes; raises . ,

many of the qteStions that the calculaE'or raised. ,, What partsof
'''..:,. the tradftional mathematics curriculun are supp1antad by. this .

powerful -tool? What partsscan we afford, to giveoup in favor, of,
`more 'sophisticated concepts and still not depr iv's' studentS of

. important computatiOnal skills and underlying concepts? while- "10'fdw.educatots imogild overthrow all of aritinnetie,'many.(e.g.
Li --,on and Fisher,. 1982) - are willing to let'soze of the m e a

.anced aritinnetic skills j.ofn square toot eirtectiona the..

t of skill that veryi few, people need". fp w. Filth° th'an
powerful computational cavaio, ity,of thecompu,ter

ts out of fear of the pospible dependence on theta
s probably ,berit .to give, students the computational-
allow them to determine When 'artd Wilt to use,these
is possible that initial contact with these tools

s to learn the computational procedures tit
the computer is titling. .

Withhold ing
froin Stlide

', tools, it.
tools, an
tools. I
stimulates st

t . . . .

)
There are a numbei of specialized . computational aids-that

are' also u seful teaching devides. One II the Semantic Calculator
whicp can be used like a four.fungtion calCulator that also

rmits ttpis and 'error to be specified fot 'each number used.
assiots-listO tex meter 101 , studints- can .Learn the ideas' d-f

/ .dimensional analysks;and error analysis and also ,use the tool
for conversions between' systems of Measurement, (Schwartz', 19'82).

4Another ;novel c4putationa/'uselof the computeir'. is for the
Oneration 15-f theorems and the exploration of axiothatic systemp.
Battista (198 as ,impleniented ifofseederLs MIU formal system

f.
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k
(a simple 'system of axioms in which non-obvious theorems can beproven in much the way theorems are proven in the more complexsystem of Euclidian geometry). This kind of application couldbe used in. a,number of formal systems to give students a powerfultheorem generator citpability Obvious applications are inalgebra , geometry, and groisp theory.

POf particular interest throughout mathematics and science isth'e computer's ability to graph. There are literally dozens ofsoftware packages on graphing available commercially and in thepublic domain. I This widespread availability of software no doubtreflecIs an acceptance at the importance of this particularapplication. The relationihip between a function and its' graphand the effect on the graph of various operations on functionsare ideas that are very difficult to teach. With graphingsoftware., students. can master these concepts through their ownexploration. The many diiffecent kinds of graphs ,(such as polarand three-dimensional) and the many different kinds of functionalrepresentations (such as parametric"- differential, and complex)can all be used and represented in graphic forms for greaterunderstanding and 'intuition.
A project undertaken. at the North Carolina School forScience and Mathemat ic q begins to.exploit the power of analyticaland graphing, tools. Id this project, students were introducedto the Idea of least squares fit in mathematics. They were ledthrokigh a setter; Of explorations of applied 'mathematics on thetechnique for interpolation and the determination of functionalrelations witht a set of tools that operate. on data sets (Davisand F"rothinghaia, 1981). Qther material, used in science coursestakes advantage of the same set of software tools to helpstudents discovaer functional relations in mathematics, physics,and chemistry.

Mother software tool that is ideally suited 'for tcoinpluter---and widely, used in mathematics and science is (theanalytical, computation tool for ''statistics and data ana sis.This is of, particular interest in the quantitative socialsciences where a number of statfstical packages are availablethrkt rival the capability of mainframe statistical packages inpower and4far surpass them in geaphing ability and interactive-ness. This jcind bf application is not widely used at thepre-college level because' the traditional, mode of instructionis to teach the underlying mathematics before 34' thing thestatistics. There are indications that this - ,er is not.6 necessary. For instance, we have found that through the simpledevice of making some computer-beised.measurements of'reactiontime, students in sixth grade spiantaneously develop ideas ofaverage, standard deviation, and statistical signifieanceo(Tinker, 1981). It is possible that as statistical packages:44- became more widely available to pre- college students,modificationwill be made in the scope and sequence of math
ade, levels.r

insEructorn that'students will learn statistical skills atEarl ie
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Programming 4.t.

The extensive use of student programming is no doubt anendorsement on the part of practitioners of its effectiveness
in improving science and,. especially, math. comprehension. Therehave been a number of studies of this carry-over effect, withconflicting results. ,Overton (1991), in an excellent review ofthe' ?effectiveness of programming-, cites a number of studies attmany educational-levels. The studies ?end to indicate that
student programming improves math achievement. It is interestingto note that many of these studies predate the microcomputer.
with. the introduction of the microcomputer, and its fast"responsiveness, graphics, and ease of use, we would exp'ect
even greater gains in mattrachieveMent.

'The Logo originators and advocates (Papert`1991, Feurzeig
it al., 1969) feel that student programming in Logo has a large
carry -over into mathematics and support their assertions with aconsiderable body of case studies and anecdotal information.A number of recent studies of children's use of Logo have had
difficulty quantifying° the carr}-over, and some reviewers (Pea
and Kurland, 1983) feel there are cqgnitive reasons to doubt atleast the broader assertions of the Logo advocates. Pea (1984)advocates that we step back from our attempts to pinpoint the
precise carry -over effects of Logo. Instead, we should vie-w
programming as a' *potential vehicle for promoting thinking and
problem solving skills" (1984). and begin describing the range ofeffects that Logo can have i.n promoting these skills.

When Logo was first made commercially available, there' was
no logical place fbr it ln'the existing curriculum. Recently,
schools have made modifications in their curricula so that Logo?-pn be Incorporated tusually into math Classes) . There arestrbng egional differences in the degree of acceptance of Logo,and there is'not widespread acknowledgement of its role in
mathematics. Nevertheless, there are strong indications thatits use ih schools is increasing dramatically. Logo software is
being given to every school in California as the only educational.
software to accompany the free Apples that each schodl receives.Thus, we see a substantial nationwide implementation of a
programming package which teaches some rather sophisticated
mathematical concepts.

The teal potential for student programming comes riot from
ptogrammraing in the abs act, but in putting students to workon content-related grog ming tasks. Through well-formulated
exercises, students gain new insight on Ole relations of numbers
and science ideas because of both,the detailed and highlyspecific nature of the programming path and the results of theprogram they have written. The benefits of this approach .can .

only'accrue through math and science clasies when educatotr
believe that all students have the ability to program. As '
computers gain wider acceptance in schools and society, we will

t



be able to m-akrthe assumption that all children can program,beginning from fairly early age. Once programming isintroduced in the elementary schools on a wide-scale basis,math and science instruction are sure to benefit.

Implications for Learning

Software which provide opportunities for explorationthrough simulations, tools, and programming languages offers-''great potential for creating a more scientifically and maths-maticalllry literate citizenry. Because this class of software.allows students to master process goals such as problem solvingand critical thinking, it broadens the experiential base uponwhich both mathematics and scientific concepts are built andempowers students to compa4e theory and observations. Thiscan result in increased -science learning, both in the schoolS,through a new definition of scope and sequence, as well asoutside the schools, in homes and other informal learningsituations

The achievement of process goals is usually an indirect
consequence of using "learner- centered software" (simulations,tools, and programming language) . Achieving these goals dependson not only having the right software, but also having the, rightlearning environment. The software removes the necessity formany of the time-consuming a,nd often mind-dulling activities thattraditionally occupy a great deal of instructional, time. moretime is available for asking questions, for exploring, and forinvestigating students' own hypotheses. There is, of course, noguarantee that teachers will choose to take advantage of this'opportunity. The point is that with appropriate software,increased opportunities for learning do exist.

A New Scope and Sequence

Microcomputers may have the gietaitst impact on educationoutside of schools. Many publishers are developing their
educational products primadly for this huge market and onlyincidentally for the school market. Othersoftware developershave a dual strategy: marketing the same product with differentpackaging ;o both home and school markets. At this time, most ofthe home-otiented educational software being produced is aimed at -2,,-very young children and is generally math drill and practice.As powerful software becomes increasingly available to the out-of-set-1001 market, it is not unreasonable to suppose that somechildren ill develop passions for'simulatiOns, microworlds, and \programmi g . Ai,
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It is important to realize that there are many hardware and
software limitations that reduce the effectiveness of the currentgeneration of software. The sReed of operation, the site of
available databases, the detail of graphics images, and anima-tion are all areas which limit currently available software.

There is every reason to believe that new software andhardware technologies, some already usable' except for the cost,will vestry improve the quality of simulations, tools, and
programming lapguages. The enormous storage\and graphics imagecapability of videodiscs is -tthought by some o add an extremely
important new dimension to the interactiveness and attractiveness

a. of software. Other observerS, feel that 'intsllig-ent computer-Assisted instruction will provide revolutionary breakthroughs in
educational software that, will lead to substantially increasedlearning Of math and science.

B. Software for Greater Achievement

In thif section we will consider explicitly pedagogical
software that is desitgrred to improve student achievement inexisting curriculum dhits. Most software in this category useseither tutorial or drill and practice instructional techniques.

Software of' this sort has a nunber of characteristics thatcan make it an effective adjunct to instruction. The graphics
and animation of modern microcomputers with color motion, anduser interaction can be important both to keep student interestand to illustrlite ideas and concepts tha y be hard to describein 'words.' Many observers report that thntience and non-judgmental character of the computer tutor are important
attributes, especially for students who love had bad educational
experiences or who have experienced diffitulties in learning.

Computer-Assisted Instruction

Many studies have shown. that the computer as tutor is as
good as other forms of instruction and in some cases is superior
to traditional instruction (Overton, 1991, Kulik at al., 1983) .Over the years, a plethora of boaparison studies on computer-assisted instruction (CAI) vs, traditional instruction have been
conducted, with many of the early studies using mainframes asa vehicle for introducing CAI. Some of the studies pit °tradi-
tional instructions (variously defthed as teacher lecture, _work-
book activities, independent study with no teacher guidance, orvideota s of Vacher lectures) against CAI (again, Variously
defined and ustrally not clearly described) Other studies
deitermin the effectivenests of CA,I as a supplement to traditionalinstruct on.,

4
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Outcome measures often consist of cognitive gains as
demonstrated op: 1) standardized achievemet tests such as the
Math Diagnostic Achievement Tests, California Achievement Test,
Iowa Test of Basic Skills, or Differential Aptitude Test; 2)
teacher -made tests; 3) researcher -made tests; or 4) gritdes in
courses or on final exams. Attitudinal outcomes are frequently
examined as an adjunct to learning outcomes.. Attitudes about
school, computers, math or science courses, self as a computer
user, and enjoyment of computerized lessons are variables
commonly assessed.

Most of(fthe reviews of studies on the effectiveness of CAI
concl6de that.'at the secondary school level, dAI is an effective
-instructional method and can produce substantial gains in
achievement when used either by itself or as a supplement to
traditional instruction. The typical study shows a small,
ptatistically significaht advantage for CAI. Many of the studies
show that the learning gains associated with CAI are more sub-
stantial with low-achieving students. While most studies show
modest ,gains in achievement for students using CAI, many show no
di ffer enc., between teaching methods .

Note that in most reviews of outcomes studies, there is-no
clear identification of the. subject matter being taught through
CAI. ,One exception is Overton's review (1981), which shqwed that
the effects of CAI in Math era basically-the same as the overall
achievement effects discussed above.

Attitudinal outcomes associated with CAI have generally
proved v ry positive (Thomas, 1979,) . In general, students using
CAI expre. smore liking for their materialLs than do students not
using CAI. Bukoski and Korotin (1975) refort that students
showed inc ase43 motivation and interest in mathematics .after
exposure to ./CAI.( In an interesting study of Mexican-American
junior high students studying remedial mathematics, it was found
that students thought the computer was more fair than the teac*er

. because it kept promises and was not seen as arbitrary (Hess. and
Tenezakis, 1973) .

I'

Another conAjlitent outcome is that CAI can lead to, sub-
stantial instructional time-savings with no sacrifice in student,
learning. Comparisons of compUter instruction versus traditional
instruction often show 30 to 50% time savings- for those using
computers ((Overton, 1981; Clark,1983)..

Recently, research on CAI has been spriouslity queiftioned
(Clark', 1983). A major methodological craw plagues almost all
of he CAI outcomes studies': There is .n control of the instruc-
tional,tiona methods being ''used whed compar isolls are mad:, of_ and
traditional instruction. Many different metthods.pf instrcuction,
can be empl.oyed and mnphagized thr9Ligh CAI, arid- thi same is )he
case with *traditional' idstr tiorc. In the typical -comparison

a
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nstudy, a t cher is asked to present a given topic using whatever:
methods she he choosei, sand whatever amount of time she/he feels
is necessar to cover the material. This ".condition" is compared
with an of en undescrAbod CAI treatment of, the topic. If eithermethod pro es statistically superior, we do not know why: "Mr
it- the pacing interactivity, personalization, interest level ,
feedback, reinforcement, use of examples, or some combinationof these? In most ,studies, none of these factors is either
controlled or examined. '

These flaws have lad ohe researcher to conclude: "Thus far
there are no definitive research investigation,s`in this area'
(Faurzeig 1981)1 Some have even gone so far as, to. suggest. that
no more media codiparison studies should be conducted because :*
these studies are neither methodologically sound nor do they ask
the right questions. With respect to methodology, Clark (1983)
and Hanley (1980 convincingly argue that any new studils should
control for such factors as: 1) content of material prgented
vra CAI versus traditional instruction; 2) teactriiiilj methods
employed. (pacing, feedback, etc.); 3) instructor presenting
the material. But Clark contends .that if these factors- were
controlled, there would be no d,ifferences between ndCAI a /traditional instruction!. viewiew is tha,,t the computer--or .

any medium--is only the vehicle for transmitting instructional
messages and .has no impact on the effiotiveness.of, inistruction.

'Like Clark, Hanley (1984) also believes that 'it is.
inippropriate to measure the global effectiveness of CAI.
He particularly argues against using traditional empirical,
methods to examine the relative effectiveness of CAI against

hihotr instructional methods. Instead, ,eHanley sees .value in using
the case-study approach to examine the features of CAI and the IS
procedures Used to implement CAI that seem 'to contribute to
positive outcomes asi perceived by assts. We should step back
from "black box* studies that. identify only the magnitude of
effects, and instead, according to Henley, begin identifying
Nall thef1Pssent i paragrqers describing the ,successful use of
CAI.*

One prom ising avenue fcCr i:n pray ing stud
is through the use of well-designed interact
While there has been little research on the
tutorials are used or orutheir effectiveness
of this type ofBbftware--namely intereictivi
suggest that it could be extremely valuable.

ents' achievement
Lye- tutorials.
whys in which- these
.1 the characteristics
ty and branching--

Bork (198-1) hhs been designing and testing such software in
both classrooms and public libraries. ?or, example, Bork' s module
on statistical Werence asks' students to determine how many
junpig grasshopPers are in a large field.' 'The student IA
told that it is not possible to'directly count all Of cipe
grasshoppers and is asked to suggest some alternative' Rfategies
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(estimation and samR44ng) . 'Through a series of questi
student is led to count the grasshoppers in mite Square
screen, then determine the total area of the field and
estimate of the totalinuaber. To examine the effectiv
usefulness of this interactive tutorial, Bork and his
are v4deotaping group using the material, and analyzi
participants' conversations, emotions, and the way. the
computer. This research -- which starts by examining ac
of the software--may prove much more useful to educato
media comparison studies discussed above.

'4, *

Computer-Manned Instruction_

ons, the.
o f the
g et. an

eness and
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y use the
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rs than the

Another role for microcomputers in improving student
achievement comes in its abilitykto manage instruction, usually
called computer-managed instruction,/ or CMS. In this case, the
computer:, is no't used to instruct but rather to monitor a
student's- progress and to present alternative instructional
materials to stUdehts. Approaches to perscinalized instruction,
sometimes celled the Keller Plan, PSI,. self-paced study, or
mastery learning, often have a heavy,admiriistrative overhead.
"Students study different materials at their own rate and take one
of a number of equivalent tests to see if they have mastered the
material. Some schools that have implemented such a system do
find that a microcomputer 'significantly reduces -the adminis-
krativeoverhead and can improve the quality of the course by
helping identify weak instructional units and poor test items.

,Micros can be used to generate tests by randoth item
selection and.by producing randomized data fore numerical test

71tems. Pr computer can, of course, also be used to grade tests,
both those ;hat it makes itself nd standardized tests.
Inexpeinsi,4e optical and mark-serfse reader attachments are

. available for' microcomputers to speed this process.
Microcomputer -based CMI of the sort described abovedoes not

seem to be widely7implemented for math and science "instruction at
this time. The only commercially 'available software that support
this application are a few tist generator programs of very
limited capacity. Our survey",of users located only one site
using CMI. The one respondent wad extremely enthusiastIc about
this application and felt that it was one 'of the most important
applications of microcomputers in education.,
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C. Software For Improved Teaching Productivity
and Reduced Costs

Computers have much potential to improve learning andincrease teaching productivitybut what is the:50st? As is'the case with many educational interventions it is difficult to
assess the costs and weigh them against the benefit that willaccrue to students. Although there is certainly so e potentialfor reducing instructional costs through the use of /eral.computers, computers often add to instructional cos s in theshbrt run.

1, ")
School administrators are increasingly aware of the initialcosts of hardware and software. However, there are also many"s , unanticipated .maintenance expenses that represent substantialcontinuing costs of the computer system (Feurzeig, Horwitz, and.Nickerson, 1981.). As change* are made in hardware and operating

systems'', software ofteh requfres updating to run on the new -System. The costs of software maintenance can easily exceed theoriginal purchase price of the software.
Another major cost is teacher training. We have no good

estimates of the costs involved in preparing teachers to use
computers in they As noted above, math and scienceteachers tend .t,:o be early adopters of _computerized instructionand are in many 'cases self- taught programmers. But using the
computer for educational purposes requires pore than a
rudimentary knowledge of programming- -it requires a whole newapproach to teaching math and science. -Teachers need to knowhow to ideAyfy and select appropriate software, how to use thesoftware c atively, and how to integre e it into the regularcurriculum (or how to change the orr,icillun to takefull advantage of the software). -Leatni these skills clearlyrequires a great deal of inservice training and the cost of thistraining usually must be mused by the school system itself.

.Ultimately, this expense will be reduced as preservice programsequip new teaciqers with solid backgrounds in the instructionaluse of computer`s. Jn the meantime, school systems should be:prepared is make a substantial investment in teacher training.
It has been suggested that the Casts of computerized

. instruction may be offset by a reduced need for teachers. The'threat of computers taking over jobs was taken very seriously byteacher unions during the 1960s and 1970s, and Union oppositionwas one of the major barriers to the increased use of edUcational
technology (Blaschke and Suieeney, 1977). The reality Is thatcomputers simply cannot replace teachers and are unlikely toresult in the overall reduction of teaching staff. even the bestsoftware can aqcomplish only a small number of the instructionalfunctions that teachers perform. As Lipson and Fisher (1982)
have pointed out, "the small modern computer is very stupid',compared to a teacher."
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While computers cannot replace teachers, they can Certainly
make teacherSe work mor* efficient. Cost savings can be achieved
through computer-managed instruction (CMI) and computerized lab
situations by reducing the amount of clerical work needed to
monitor student work, assign units, and calculate grades. These
tasks are often time-consuming and tedious, but can `be accom-
plished very efficiently by a computer. Teachers, in turn,
can deVote more time to actual instruction.

In addition to taking over routine tasks, the computer has
the potential to make the diagnostic aspect (34 teaching moreefficient. Good instruction moans that a tea her must know the
learning strengths and wealwesses of each student- -and this can
be an overwhelming demand. v-Computers can simplify this ,task by
pinpointing problem areas for individual students. However,
there have been few attempts-by software developers in math
and wivee to incorporate such diagnosis. Given the lack of
appropriate software, it is not surprising that teachers have
made little use of computers as a diagnostic tool. A few
projects are underway to determine the valise of diagnostic
programs for special education teadhers (Malouf, 1984) but
little has been done in the areas of scienc# and math:

Along with increasing teacher productivity, computers have
the potential to increase learner productivity. much of the
literature on computer-assisted instruction (CAI) that was
discussed above shows that materiels can be learned in a shorter
period of time when it is presented via computer. Simulationscan lead to similar time savings: A review of 32 Studies of
computer simulations--mostly in math and science--showed that
students learned material up to 50% faster 'when the, material was
presented on the computer. While increased learning efficiency
produces no real dollar savings (since 'Students are required to
attend school for a certain number of hours.each day) , it does
mean that instructional time is freed for other purposes such as
advanced study or investigation of ,additional topics. In this

. way, stunt productivity can be-substantially increased.
One interesting and hidden benefit of computerized

instruction may be improved school attendance. Researchers have
shown that high school and community college students who used
cm math programs had higher attendance and lower attrition
rates. In the case of the community college, the dropout rate
in basic math went from 50% when traditional instruction was used
to only 20% when CAT was introduced. These 'figures should be
iNiperpreted with caution, *cause they may be attributable to
a hovelty effect that will diminish as studenteibecome more
familiar with computers. t the findings on student attendance
were impressive enough to lead' Braun (1980) to the conclusionthat using computers to aid instruction "can result in a
substantial gain in use of the tax dollar to education."
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Oe way in which learner productivity can be enhanced
through\ comp4teri zed instruction is by coordinating school,
and home useslof the computer. As more families acquire home
computers, it will become possible to reinforce lessons
ein roduced at school with homework an the computer. Technical

ation Research Center's recent work with middle school
students shows that by the end, of 1983, between 35 and 50%of these students had access to home computers. Given these
figures, it already may be possible for teachers to assign
optional work for students to complete at home. The amount oftime that students have to cork on a limited number of classroom
computers could be optimized by allocating a larger share of
class computer time to those who do not have home computers and
a smaller portion of time to those who can do the work on their.
home computers.

At this point, the costs of computer instruclion may seem
high in relation to the benefits that have been demonstrated.Yet the cost df hardware is rapidlydeclining f making costfigures from recent studies already obsolete. It hag been
estimated, that during the next five years, the cost of hardware
will decrease by a factor of two and at the same time this
hardware will become more powerful and flexible (Braun, 1993),
Technological developments in both hardware and software. hold L\
definite promise for increased lear.nirig at decreased cost.
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VI. RECCW4ENDATIONS

While microcomputers can play a significant role in
improving mathema,tics and science education, they will not do so
unless we make a sustained, conscious effort to make the best Life
of this potential. Teachers musV be trained in the ffeCtive use
of microcomputers, software must be develope4 which utilizes theunique capabilities of microcomputers, materials and facilities
for microcomputer-based learning must be implemented" in the
classroom. Also, avenues for dissemination of information about
hardware and software must be expanded, curriculum must be
redesigned, and basic research on the use of microcoRputers
in schools must be supported: The following sectioYs.contain
recommendations for aceomplishing these essential tasks.

. A. Teacher Training and Support

Placihg microcomputers in mathematics and science classrooms
will not have any .significant effect on instruction without
strong teacher training and support. Teachers who' lack the
theoretical and practical expertise to use computers can hardly
be expected to integrate microcomputers effectively into their
math and science curricula. There is a need to build confidence
in teachers' and administrators and to give them a ,firm foundation
in the practical use of microcomputers without overwhelming them
with technical details.

However,, this sort of familiarization is only the first
step required in microcomputer training. The promise of mrcro-

_ computers will only be realized when there are substantial
cringes in the scope and sequence of instruction itself: his
requires teachers to alter the topics they cover to includ
more sophisticated, more quantitative, and more varied content. .
Finally, the best use of microcomputers often demands a particu-
lar style of instruction--guided exploration and self-discovery
With the aid of software tools and simulations--which is not
popular and places extra demands on teachers. The training
required to upgrade teachers' mathematics and science competency
and pedagogy represents a major undertaking but is a necessary
concomitant to the effective use of microcomputers. This is a
task which needs. 'a combination of carefully coordinated l'ocal,
regional, and federal resources, and which must be implemented
in gradual stages if it is to be effectively accomplished.

For economic '`reasons, the bulk of the inservice teacher
training will have to be done at the local level, delivered by
school personnel and' supplemented by consultants and university
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faculty. While it is realistic to expect these local resource
people to fill much of the need to familiarize teachers with
microcomputers, a broad base of expertise does not exist atthis time to undertake the much larger job of instruction in
mathematics and science content and pedagogy. This latter job
should be undertaken by well-trained scientists and satheme7
ticians, skilled in teaching, and knowledgeable about micro-
computer software and hatdware. Because this combiriation ofqualifications is rare, the chtillenge.is to delop alternative
models for teacher training. PoAsibilities -nclude che.develoP-/ went of teacher training 'materials, training the trainers,,
esttabl-ishing regional resource centers, and., exploring ;he
use of new technologies in teacher' training.

I

Beyond the local level are regional and state resources.
many communities are finding. it efftciept to set up collabore-tives to 'fulfill certain educational needs of teachers, Some of
these c011aboratives have computer consultants, training Ate;ff:,,
aft,' training ficilities where group classes' can be beld. ,:Wehighly recommend their use. Unfortunately,, such facilities and
expertise are expensive and are..probably out of Tesch" tO Many;
smaller school systems. -..

a e
* 'In addition to minimal staff training.on'.,eri, intrOductory

level fr...ongoing,training .must. be provide8: It be expected
that Ofcrocompuper tectinolfagy 'said continue to change at
a rapid rate ana school systems utruld be wfrse'to build in-house
capabilities in "OK ate." of ItyleracomputerS., Special funding
mightbe sought to. let .isp4uCh resources,e'but local school
budgets shoUld, everftFually support this function.'' Staff will be
necessary td monitor new applications of ,Software and to train
teachers in the operation of such software.

But it is not' just teachers who need to keep conversant with.
software and hardware developments. Administrators and curricu-:
lims planners will play pivotal roles in the integration of micro-

, (,) com-teri into math and science classrooms-and laboratories. Itwil e their-responsibility to obtain hands-on experience with
(microcomputersand to apply new research and educational appli-
cations. to theirs,syhools.e

.,9
While all school systems are not necessarily playing' a

catch-up game with inservice traihing,,.another area where maximum
effort 'should be exerted is in bringing preservice microcomputer
courses to all colleges and universities involved in teacher
education. 'Some, schools are now requiring such courses for
education majors and some states are requiring this for. . certification. We highly recommend such actions.

All teachers are) hari)pressed for time. Teach& is a
particularly demanding occupation and ways must be fo d to,
give teachers sufficient release time for microcomput trainingduring the school year or to provide sumhter institutes, Many
teachers and administrators contacted in this study mentioned the

B5 .
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Summer insiitutes, formerly sponsored by the National Science
Ibuhdation as being of high quality and particularly worthwhile.
We recommend reinstituting and expanding these programs.

Teacher training materials are also urgently ,need,ed.
Materials used to teach programmers, office personnel , or
computer scientists are no.t appropriate to the needs o f teachers.
While there are certain computer operations, routine maintenances
and even programming skills which are needed, we find 'that theseare relatively easy tooth teach and, to learn., The difficult -

a

area of knowledge is w to use this flexible creative tool in
The classroom. What $ 111,2 afs best, taught with,computets?
Now does 'on* plan a lesson incorporating computer-assisted
Oseructri,on? , Whet; type'oeharqlware and4 software does a teacher
need to ute-A !arcfrocompoter in a physics laboratory?' What are if I,the particular ways that microcomputers have been found to be
useful,-thus far and how might they be utilized in the future?
Good teacher training materials that deal with these issues are

I 'tAlmost nonexistent and efforts should be made 'to develop and
disseminate suc h meter ials.

We should al so look to the new techdology itself to provide
new ways of training. One of the limiting constraints-,in
providing trisin'ing for. teachers is the availability of skilled
trainers. It will take time to train the trainers, but we could
increase the exposure of existing trainers through the medium of
educational and cable television, througt the use of videotape
And videodisc presentations, and -through the use of well-planned,
self4paced software with accompanying d.oct.vientitionek Many
businesses use this type of technology in .their training programs
and much could be learned from their experiences and then applied
to the design of teacher training courses.,

A significant number of math%and science teacher attend/ .

national and regional conferences such as the ones s rtifored
by the National Sc 'ience Teachers Asso'ciation and the ational

43 Council of Teachers of Mathematics. Training worksho on the
use of T.icrocompaters are held at such conferedces and could
be expanded.' n addition, many vendors set up display booths,
and actually g e mini-workshops on the use of their products.
Teachers whom surveyed regard these vendor displays and

tthe opportunity to 5alk with vendors as a valuable source of
',Information. We iecommend t at these conferences be expanded and
perhaps subsidized in .order capital i ze on vendor s' ex per ience
and their commitment to improv g education.

Finally, there is an even more problematic area in math'
and science teacher training that we have' not touched upon,
The microcomputer is only a tool. -Like an y tool it needs an
experienced, skillful craftsperson to utilize it. The fields of
science and mathematics have undergone tremendous advances in the
last few decades and due to numerous factors, math and science
teachers, who are matters of their craft are in short supply.
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Radical.action must be taken to improve this situation or the
,true 'potential- of microcomputers in math and science education

never be realized.
We must, emphasize that teachers well-train.ed nd" confident,

their abilities to' use microcomputers are the y to successthis area. We must be generous in our suppor of all teacher
ning programs. Excellent facilities, modern hardwaie, useful

so 41are, and skilled' staff must be 'provided for teacher train-
. ing. And they must be provided for all school systems--rural

and urban, wealthy and poor-- throughout the United States. We
recommend vigilance,on the part of state and federal authorities
as well as financial support to see what inequities ar-eitavoidedin this

-
, C-

J

B. Software Development

The research upon which this report is based has shown that
while there are a substantial number of software titles, the
topic coverage is not uniform, and the quality of the softwano,is quite variable. While it was not feasible for us, to carefUlly
evaluate all of the titles in math and science as part of this
project, it is clear that some of the software is poorly designed
and ,a large amount of it has limited applicability? Software
that takes full advantage of the median and uses sound pedagogi-
cal approaches, is rare" and difficult to develop.

The fact that the software market is flooded with inferior
products is no reason to summarily dismiss the medium. It is
very easy to develop and bring to market low quality software,
whereas it takes a concentration of resources and originality to
get high quality software into teachers' \'harSds.\ We feel that
there is a substantial maturation per iod during whit. educators,
software developers, distributors, and teachers learn to use the
medium to enhance math and science learning. As the technology
changes, and the hardware-situation in schoo ).s changes, we need
to devote sustained and substantial resources to software
development so that we can effect this learning.

it is important to realize that at present the best 'software
almost invariably has its roots in substantial federal funding.
This is hardly surprising,' given the high costs of softwalre,
developnent. It means that much of the best software is coming
to fruition,as a resiklt of prior national 'investments in
developnent. Following this logic, it may be that the current
relative lack of major federal projects supporting educational
software in math and science will lead to pi dearth of important
new developments in the next five years.

There is an urgent need to reverse this situation by
providing long-term, substantial 'funding for software development
in math and science. Enormous opportunities exist in the subjeat
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areas described in the body of this report, particularly fordeveloping software that promotes problem-sOlvihg-, skills and
provides direct experiences with mathematical and scientific
phenomena. This software development. be encouraged in anumber of ways, both through direct government grants forsoftware development, and indirectly,, through policies andprocedures that will encourage the development of high, qualitysoftware. -The following recommendations detail how high quality

. Software can be encouraged.

4Direct Support. There ;s no substitute for dirsustained financial support. We need to bring togitinterdisciplinary teams of programmers, scientists,
psychof?niets, and designers to concentrate on' the dof effective software., In ()icier. to4oattract the bestthe funding needs to'be adequate to be able to offersalaries, and to be'sufficiently long-term to allow
to make commitments in this area.

OC t
her
educational
evelopment
people,
competitive

professionals

Some would argue that th nd of federal funding is
inconsistent with the free mark approach to educationalsoftware. However, we have not seen examples of industry
willingness to spend the kind of money that is necessary fori
substantial innovations and development. Private enterprise,
can. profit from government investment in. software development.
Procedures have already been developed and are currently under
refinement at; the National Science Foundatton that create apartnership between private enterprise, government, and software
developers--a partnership that is fair and provides- incentivesfor all parties to get good software into the hands of teachers.

Information Assistance. There will always be important
segments of -the educational software market which are too'
small to warrant the 'allocation of major resources from either
government or private_ sources. . For instance, one can imag ine
a powerful software package which, could teach the elements of

, symmetry and group theory to eighth graders through innovativeuse of graphics, software tools, and tutorials. However:, atleast in the short run, such a product is unlikely Jo have ,a
very wide market. It may be exactly what some teachers want
but appeals to only a small number of teaoters.

High quality software is needed in many .topic areas. As
outlined in the body of this report, certain math and-sciencetopics are not well covered by software, particularly softwarethat takes full advantage of the technical .strengths of mAcro-
computers. We recommend the development of microcomputer-"'based software tools'and microworlds that students can use
for exploration and problem solving.
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Microcomputer Enrichment of Innovative Curricula. one of
he maj,pr barriers to the "widespread use of software'in educationis fitting it intothe curriculut. Software developers should

. "take. increased cognlzance of tilis fact, and where possible,

design software that mesh4la with' existing high quality ,curricula. ParticularIyLrich sources of excellent.curricula
- that could be enriched with appropriate software are the major.,

curriculum projects of the4f60k and 170s. Por example, good
software would both'enhanCe and improve the dsseTiriation of the
NIE-AuPported ComkPretireneive School Mathematics Program (CSMP)curriculum. The Project physics curriculum or the Biological
Scienthes Curriculum Study (BSSC) are also excellent candidates
for software enhancement.,

4 C

Software for s2ecial Populations/ very little Ltware' .

has been'developed for special populations, including limited
English - speaking, physically disabled , ,.and learni.ing .disabled
students. The absence. of this softtkare means that special
populations are n9t able to bentiftt from the educational
advantages offered by computers.' We recommend that more
resources be devoted to developing and disseminating softwarefor special populatioqs.

'"C Classroom Implementation

The availabilit af good educational software doeonOt
guarantee its widesp ead use in classrooms. Schools and teachers
need assistance in incorporating' software into t e curriculum.
In some cakes,where innovative software offers ew learning
opportunities, this may require a major revamping of the entire
math or sciencetcurriculum. 4

It is surprising how little%)educational software'isiin
use in math and science classrooms. EduCational softwaire can
undoubtedly make strong contributions and.should be implemented
widely, The following steps would assist in this implementation
e f for t.

Increas School Ac uiSition of Hardware and SOftware for..Ail.=qnommAmmo.=11.math a dn
implemen
instr uct
it21/4 requi
moving c
that the

Science Instruction. Most'achool m crpcomputer
tateion seems to be. driented towards computer Lang
ion. One feature of this kind of implementation
res little or. no software. As s result, as schoo
omputers into math and science instruction, they
y have no money tib purchase\the necessary softwar
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. Substantial budgets should be available in' order Ito increase
acquisition of, both hardware and .software: When hardware is%
donated by industry or. other private sources, both the schools

'and the donors Should be' aware that, the computer is of limited
use in math and science without apprOpriate software..

Forge Links to the Home. Schools can greatly increase the .,,
quantity of accessible hardware and softwAre by 'collaborating
'with parents and community groups orr hardware and software
acquisition and loans. Parents are very eager to buy both
hardware and software for their children's education. This
interest can be harnessed and utilized by establishing joint.
school/piarent purchases of hardware and, software, by establishing
a lendinl, librery of educational softwarey by leaning computers,
and by establishing computer. clUbs. Qualified parents can, in
certain circurfstances, be brought in to augment the instruction
and to develop needed software.

Lisa Students' Programming Abilities. In the future, math
amd 'science instructors will be increasingly' able to assume that
studfents krtow now to program. This represents an important new
educational resource that can be built upon with the 'appropriate
curriculum materials. With,sa knowledge of programming, stadents
can explore situations that are more complex and realistic such
as mathematical probl.sms in calculus and differential equations.
There is thus a need to develop,math .and science software 'that
builds on students' knclwl edge 'of' programming .

Integrate Software into the Curriculum.* In ,order )o assist
teachers in selecting appropriate software, theri is, an urgent
need for comprehensive softwarie descriptions and 'evalubtions
organized around the curriculum content o-f math and science
courses. For instance, an Algebra I teacher should be able to
find a few dozen references to software that would help students
le'arn how to gra-ph linear equations. This kind of software
description and evaluation would -make it easier to integrate
software into the existing curriculum.

Eliminate Software piracy. Budget shortages and short-
comings in planning may increase,the motivation to make illegal
copies of software'. Every effort must be made to discourage this .
practice. It 6nderminos morality and is in the long run counter-
productive because it7 discourages entrepreneurial risk-taking in
the development of new software.

1
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D. Research

, Far too little educational research has bee done on the
effectiveness of software ok identifying the c racteristics '

of software that lefid to its effectiveness. e most exciting
aspect of Computer technolocAy in math a d ence instruction is
that it can permit new currieultati and new approaches to math and
science. Boweitr, large-scale changes need to be supported by
an active reseafch effort. The .following kinds of research are
particularly important 12 t this time. ,

-1- I
.

ilit
.

New Technologies. The technology underlying the miCro-
computer revolution is still very much in evolution. Research
into computer applicatioins that might be feasible in five, ten,
and even twenty years should `be pursued actively. This research
telOuld be a great -planning aid for educators.

Beyond Drill' and Practice. A great deal of research on
computer effectiveniss has ,been based 'on drill and practice
software, or has not made clear "d,istinctions between styles
of software. There is a great need at this time' to either
substantiate or debunk the claims enthusiasts have made for
educational software in styles other than drill and practice.
Work is needed in measuring- skills and problem-solving techniques
and determining the impact of computerized instruction on these
skills. Finally, research is'needed on the characteristics' of

educational software that make it suc--ssful--graphicsf locus
of control,' interactivity,' type of fee.iack--or any other

w characteristics that may be i tent.

Curriculum Research. Appropriate microcomputer software
cah 'permit large-Iscale changes in both the math and sciente
curriculum. Schools that are 'willing to undertake curriculum
experimentt in this area should be supported with additional
resources of all 'kinds to do careful research on the'effeo-
tiveness of these new curricula. In"particular, there are a
number 9f computational and laboratory applications of computers
in rqath and science at the postsecondary lei/el that mightt
reasonably be brought into the pre-college curriculum. These
include stepwise-,solutions of dynamical systems, the use of
symbol is algebraic manipulators, microcomputer=based laboratory
data acquisition analysis, curve-fitting, vector and matrix
algebra, Boolean algebra, and statistics. Applied Curriculum
reseatch is urgently-needed ,to establish effective and
appropriate ways' to accomplish the intergration of those

k, topics into the curriculum.
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.Research on Equity. There-is a great -need to monitor theext nt to which we give students equal access, tot in terms oaf,,,1 qua ity and quantity, to microcomputers on a,nat nwide-basis:The e itra particular need to study the kindsA software andeduckational environments that are appropria or special needsstudents. The appropriateness of software to special populations,needs to be .evaluated. In mani.cases, good software will workwith special needs students, but teachers and curriculum plannersneed to know this and need.guidance. n how to utilize this .software in each student's rndivi0 lized Educational Plan.

Cognitive Foundations. research on t'he cognitive foundations of-math and sciencelearning and the relationship'of thislearning to the microcomOurter' s use needs to be expanded. Theproperties of microcorapiater softWare, such as fast feedback,data' transformation'''. and active control, offer the opportunityto increase our understanding of how children learn science whileat the same time increasing our knowledge of the propertie% thatmake software/ succ'essful

E. Software and Information. Dissemination

Cne of the greatest problems reported by educators is theftinability to select appropriate software. To correct thissituation, the amount of information about software and its usein the math and 'science curricula must be vastly increased andcommunicated to teachers ip a nuaber,of ways:

Microcomputer Resource Center 4,Microcomputer resourcecenters cats provide a very import ultiservice role. Resourcecenters, staffed by knowledgeable professionals and containingrepresentative software and hardware and a good library, can bethe site for both educational tstrkshops and individual study.They can also serve as an important resource for softwaredevelopers and researchers by providing ready access to teachersand students.
LT

Software Reviews. There is a great need for more reviewsof math and science software, especially comparative reviews-and reviews based on classroom experience. It appears, thatmany teachers do-not read specializedd computer magazines. Werecommend that' math and science journals that are. widely readby teachers should publish more software evaluations.
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Information Exchange. While databases of Softwareevaluations do. exist ih electronic form, they are used by onlya few-educators. This44:s probably because the information onthe database is seldom more current than .what can be obtained
gin print and because in each case i; is generated by a single-information provider. A more appropriate use of electronic

communications would be to establish a mechanism that wouldpermit decentralized input as well a0 output of computer softwareinformation. A single database coul8 be used to store infor-mation about individual .school software holdings, researchcitations, and. user-contributed evaluations and. information. ..The database on which this report ishased has been structuredso that it can be used in such a way.

Information for Small DevelOpers.. The information needs ofsmall software ,Suppllers should be met so that they can disseini-nate, their ,Products. An interesting model for this is the .federally-!.SuppOrted Market Itinkage'sroject which supplies thiskind of`Anfo-rraation for developers Ff computer aids for hand i-capped students.

. Alternative Software Distrib'utiory,Channe/S: The dominant.mechanisms for distribution of software at thiitime-,Invo-lvethe comgercial sale of protected software or the sharl,n4, amOnca
professionals of ptiblic domain software. Alternatived to thesetwo Modes have been tried and need..further''encouragement.: ThesealternatiVis provide low-cost ways of getting reasonatfly well- 4documented software into teachers' hand's, 'and usually involve
collecting, testing, and dockmtentiri4 teacher-deV'eloped materials..Project Seripham.hat.done this for chemistry software, the Atari
Program Exchange hat done it for\ Atari software, CONDUIT for
science software, and MECC for .a broad.range of topics. Each ofthese efforts has provided an important -source of software that
otherwise would not be accessible to teachers. Efforts such as`these should be expanded and

ilt
replicated.

Use of Generic Software Tools. Oneof the most promising
- approaches to educational computers is to make extensive use of

a few general-purpose tools' such as graphing,/mod*ling', and dataacquisition utilities. By using these general tools i-n.math and.science instruction, students gain an appreciation for the waycomputers are used in the larger world. A-number of problemsrelating to software acquisition and local dissemination aresimplified. In this case, the 'problem is not diSseminating thesoftware, but rather disseminating ideas on how general-purposesoftware tools can be used in teaching.
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F. Conclusions

While microcomputer ,software holds great promi se , .its. use in
mathematics and science inStruction in schools is in its infancy.
BASIC programming and drill and practice are the most widespread
current.uses of the technolgoy. Qnlyskodgist, scattered instruc-
tional improvements can be expected by extrapolating currenttrends.

`,--
..-Elowever, with I major commitment o public and private'

resources at all levels, substantial iin ructional improvements
are possible. ,.,,To realize these improv ents, there must be major
efforts to enhance, teacher trainIng; to develop better software,
and for teactfors to acquire and use appropriate software. In
addition, there is a need for research on computer-related
learning, development of new curricula, increased software
evaluatidn, better d.issemination of software information, and
response to 'the equity issues raised by microcomputer upe.
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APPENDIX A

MATH AND SCIENCE SOFTWARE VENDORt''
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Math and Science Software Vendors
.

3R Software
ap: Box 3115

Jamaica, NY 11431

Software
P.O. Box 597
Colleyville, TX 76034

400 Abbott Educational Softwar4
334 Westwood Avenue
E. Longmeadow, MA 01028

Academic Software
22 East Quackenbush'Ave.'
'Dumont, NJ 07628

Academy Software
P.O. Box 9403
San Rafael, CA 94912

Acorn Software Products
6'34 North Carolina Ave. S.E..
Washington, DC 20003

Active Systems, Inc.
Box A-187
Hanover, NH 03755

Addison Wesley Publishing Co.
South Street
Reading, MA 01867

AdxninAid MicroSoftware
886 Brans ford Court

--Fairfield, CA 94533

Adrian Vahce Productions
. Box 49210
Los Angeles, CA 90049

Aquarius Publishers, Inc.
P.O. Box 128
Indian Rocks Beach, Fl 33535

Atari Program Exchange
155 Moffet Park Drive B-1
Sunnyvale, CA 94086

Athena Software
727 Swarthmore Drive
Newark, DE 19711'

A,

Avant-Garde Creations
P.O. Box 30160
Eugene, OR 97403

Basics & Beyond
Box 10

"Amawalk, NY 10501

.Behaviorral Engineering
230 Mount Hermon Rde'Suite 207
Scotts Valley, CA 950661

,Bertamas7,,Inc,
101 Nickerson, .Suite 550
Seattle, W.4098109 .

Bipacs
33 West Wa'nut Street
Long Beach, NY 11561

BLS/Random Wise, Inc.
400. Hahn Road
Westminster, MD 21157

Borg-Warner Educational Systems
600 West University D5,ive
Arlington Hts., IL 60004

BrainBasik, The.

220 Fifth Avenue, Dept. A
kew York, NY 10001'.%

.

Cactus'Software .

1442 North McAllister
Temps, 'AE 85281"

Cambridge Development. Labs
100 5th Avenue
Waltham, MA 02154

Classic Software Productions
7566 John Avehue ,0:r

St. Louis, MO 63129
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Math and Science Software Vendors

Color Software Services
,P.O. Sox 1708

- Greenville, TX 75401

Concept Educational Software
P.O. Bo; 6184
Allentown, PA 18001

Colmaldor Conduit
P.O. Box 356, Postal Station 0 P.O. Box 388
Tbronto, Ontario M4A 2N9, Iowa City., IA 52244
CANADA

Comm*Data Computer House
P.O. Box 325
Milford, MI 48442

Compress
P.O. Box 10
Wentworth, ;871f)12

Compu-Tations
P.0, Box 5d2
Troy, MI 48099

,

.
it

t
.

,

Computer Courseware Services
300 York Avenue
St. Paul, MN 55114

Computer Island
227 Hampton Green
Staten Island, NY 10312

Cove View Press
Box 810
Arcata, CA 95521

,/

Computer Learning Center for
1775 East Tropicana Avenue
Liberace Plaza 08
Las Vegas, NV 89109°'

Computer Resources Inc. -CRI
Route 4
Barrington, NH 03825

Compuware
15 Center Road
Randolph, NJ 07869

ComQuest
221 East Camelback, St.
Phoenix, AZ 85012

Cow Bay Computing
Box 515
Manhasset, NY 11030

Creative Publications
P.O. Box 10328

'Palo Alto, CA 94303

Cross Educational Software
P.O. Box 1536
Ruston, LA 71720

Curriculum'Applications
P.O. Box 264
Arlington, .MA 02174

Children

Cybernetic Information Systems
Box 9032 Upper Union
Schenectady, NY 12309

Data Processing Consultants
2405 San Pedro,'N.E.
Albuquerque, NM 87110

Datatech Software Systems
1 19312 East Eldorado Drive

Aurora, CO 80013
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Math and Science'Software Vendors

Davidson & Associates
6Q90 Groveoak Place 014-C
Rancho Palos Verdes, CA 90274

Demi Software
6 Lee Road
Medfield, Mk 02052

Desert Sound
16268 Main Street
Hesperia, CA 92345

Developmental Learning Materials
One DLM Park 7--
Allen, TX 75002

Dickens Data Systems
478 Engle Drive
Tucker, GA 30084

Educational Computing
3144 Valentino Court
Oakton, VA 22124

Educational Courseware
3 Nappa Lane, Dept. GT
Westport, CT 06880

Educational Materials fi Equipment Co.
P.O. Box-17
Pelham, NY 10803

Eduatiohal Micro Systems
P.O. BOX 471
Chester, NJ' 07930

Educational So
P.O. Box 746
Mc Minnville, OR

Digipac Computer Consulting
907 Rivub:treet East

. Prince rt,Sasktchwn, SOV 083
CANADA

Earthware Computer Services
P.0; Box 300391
Eugene, OR 97403

Edco
P.O. Box 30846
Orlando, Fl 32863

Edu-Soft
4639 Spruce Street
Philadelphia, PA 19139

Edu-Ware Services, Inc.
P.O. Box 22222
Agoura, CA 91301

Educational Activities, Inc.
P.O. Box 392
Freeport, NY 11520

Educational Computer Systems
136 Fairbanks
Oak Ridge, TN T:30

- n8-

are

97128

Educational Software & Design
P.O. Box 2401
Flagstaff, AZ '86003

Educational SOftware Marketing
1035 Outer Park Drive, Suit: 309
Springfield, IL '62704

Edupco
P.O. Box 51346
Palo ALto, CA 94303

EduTech, Inc.
634 Commonwealth Avenue
Newton Centre, MA 02159

Eduiek Corporation
P.O. Box 11354
Palo Alto, CA 94306

Encyclopedia Brittanipa Educational Corp.
425 N..Michigan Avenue
Chicago, Xl 60611

Fullmer Associates
1132 Via Jose
San -Jose, CA 95120
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Math and Science Software Vendors

Generic Softwkre
P.O. Box 790
Marquette, MI 49855

Geoige Earl
1302 S. General Mica:lien
San Antonio, TX 78237

H.E.L. Labratories
95A Halls Croft
Freehold, NJ 07728

NO,

Hartley Courseware, Inc.
P.O. Box 431
Dimondale, MI 48821

Hayden Software Company
600 Suffolk Otreet
Lowell,' MA 01853

High Technology Software Products
P.O. Box 60406
Oklahota City, OK 73146

Hugh Ward
P.O. Box 3412
DeLand, FL 32720

Human Relations Media,
175 Tompkins Avenue
Pleasantville, NY 10570

r

Dept.

Ideatech
P.O. Box 62451
Sunnyvale, CA 94088

Interi4tiona1 Software Marketing
120 E. Washington Street - 421
Syracuse, NY 13202

ITC Technologies Corporation
7100 Boulevard East #2J
Guttenberg, NJ 07093

J & S Software
140 Reid Avenue
Port Washington, NY 11050

J.B. Hirsch
225 Duke Ellington Blvd. #141h
New York, NY 1Q025

James P. Birk.

Department of Chemistry, Arizona State Univ.
Tempe, AZ 85281

Jensen Software
1440 Rockway
Lakewood, OH 44107

JMH Software of Minnesota, Inc.
4850 Wellingtqn Lane
Minneapolis, MN 55442

S Johnson Software
1200 Dale Avenue
Moutain View, CA 94040

Indian Head Software
1002 Indian Head Drive
Snow Hill,NC 28580

Information Unlimited Software
2401 Marinship Way
Salsalito, CA 94965

Instant Software
Peterborough, NH 03458

Krell Software
130 Stoney Brook Road
Stoney Brook, NY 11790

L.I.F.E. Software Ltd.
c/o Richvale Telicommuiiications
10610 Bayview Plaza, Unit 18
Richmond Hill, Ontario L4C 3N8
CANADA

sok-

Lane Robbins Computererograms
RD 16 Box 365
C6rtelyou Lane
SomM6rset, NJ 08873
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Math and Science Software Vendors

Lawrence Hall of Science
Math/Cmputer Education Project
aniversity of .CA
Berkeley, CA 94720

The Learning. ,Company

4370 Alpine Road
Portola Valley, CA 94025

Learning Well
ZOO S. Service Road
Roslyn Heights, NY 11577

Little Bee Educational Programs
P.O. Box 262
Massillon, OH 44648

Little nius Ltd.
Albany So e, Suite 504

ems.
324 Bogen Street
London, Ontario W1R 5AA
CANADA

M-R Information Systems.
P.O. BOX 73
Wayne, NJ 17470

MASBO Cooperative Corp.
99 School Street
Weston,1MA 02193

Math City/Mathware
919 14th Street
Hermosa Beech, CA 92054

Math Software
1233 Blackthorn Place
Deerfield, IL 60015

MCE, Inc.

157 S. Kalamazoo Hall, Suite 250
Kalama400, MT 49007

McGraw-Hill - EDL
1221 Avenue of the Americas
New York, NY 10020

McGraw-Hill/Gregg
1221. Avenue of the Americas
New York, NY 10020

Mad Systems Software
P.O. Box 3558
Chapel Hill, NC 27514

Mega-Byte Systems
66 Church Street
Ellenville, NY 12428

Mentor Software, Inc.
P.O. Box 791
Anoka, la 55303

Mercer Systems, Inc.
87 Scooter-Lane
Hicksville, NY 11801

Merlan Scientific
P.O. Box 25
Depew, NY 14043

Meta-Designed Software
P.O. Box 136
Haddonfield, NJ 08033

Micro Learningware
P.O. Box 2134
North, Mankato, MN '56001

Micro Music -

Msitramicf.Inc. Distributor
555 Park Drive - P.O. Box A41
Owatonna, MN 55060

Micro Power & Light
12820 $illcrest Road 4 224
Dallas, TX 75230
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Math and Science Software. Vendors

1

Micro-Ed, Inc.
P.O. Box 24156'
Minneapolis, MN 55424

Microcomputer
4716 Lakewood
Metairie, LA

Software Systems
Drive A
70002

Microcomputer Workshops.
103 Puritan Drive
Port Chester, NY 10573

MicroGrams, Inc.
P.O. Box 2146
Loves Park, IL 61130'

Microphys
2048 Ford Street
Brooklyn, NY .11229

Milliken Publishing Co.
1100 Research Blva.
St. Louis, MO 63132

Minhesote Educational Compating
Consortium

2520 Broadway Drive
St. Paul, MN 55113

Moatec
4144 N. Via Villas
Tucson, AZ 85719

Monument Computer Services
Village Deft Center
P.O. Box 603
Joshua Tree, CA 92252

MUSE Software
347 No. Charles Street
Baltimore, MD 21201

Nationel.Software Marketing
4701 'McKinley Street
Hollywood, 7L 33021

I

NCCCD- National Coordinating Center
for Curriculum Development
State University'of New York
Stony Brook, NY 11794

Orange Cherry Media
7 Delano Drive
Bedford Hills, NY 10507

Professional Computer Systems
318A Lincoln )Court'
Bloomingdale, IL 60108 .

Programs for Learning, Inc.
P.O. Box 954
New Milford, CT 06776

Project COMAL
Commack Public Schools
Hauppage Road
Commack, NY 11725

Project LOCAL Software
c/o Dresden Associates
P:O. Box 246
Dresden, ME 04342

Quality Educational Designs
2924 N.E. Stanton
Portland, OR 97212

Random,House
201 East 50th Street
New York, NY 10022

Readers Digest Services
Educational Division
Pleasantville, MY 10022

Redconp Services
624 West Chenango Road
Castle Creek, NY 13744_

Reston Publishing Co.,Inc.
11480 Sunset Hills Road
Reston, VA 22090
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Math and Science Software Vendors

Right On Programs
P.O. Box 977
Hunington, WY 11743

Robert Baker Jr.
5845 Topp Court
Carmichael, CA 95608

Robert Davis and Associates
3355 Lenox Road
Atlanta, GA 30304

Sandpiper Software
P.O. Box 336
Maynard, MA 01754

School & Home-Courseware
Suite C
1341 Bulldog Lane
Fresno, CA 93710

Science Research Associates
155 North Wacker Drive
Chicago, IL 60606

Society for Visual Education
1345 Diversity Parkway
Chicago, IL 60614

Software Industries
902 Pinecrest
Richardson, TX 75080

Solartek
P.O. Box 298
Guilderland,NY 12084

SouthWest EdPsych iervices
P.O. Box 1870
Phoenix, AZ 85001

Sterling Swift Publishing CO.
1600 Fortview Road
Austin, TX 78704

Storybooks of the Future
P.O. Box 4447
Santa Clara, CA 95054

Sunburst Communications
39 Washington ,Ave. Rod= VF414
Pleasantville, NY 10570

T.H.E.S.I.S.
P.O. Box 147
Garden City, MI 48135 .

T.I.E.S.
1925 West County Rd. 82

St.* Paul, MN 55113

Tayloriade Software
P.O. Box 5574
Lincoln, NE 68505

Teacher's Pet
c/o Glenn Fisher
1517 Holly'Street
Berkeley, CA 94703

The Teaching Assistant
22 Steward Drive
Hunington Station, NY 11746

Teaching.Tools Microcomputer
P.O. Box 50065
Palo Alto, CA 94303

Teck Associates
F.O. Box 8732
White Bear Lake, MN 55110

TYC Software
40 Stuyvesant Manor
Geneseo, NY 14454

Tycom Associates
68 Velma Avenue
Pittsfield, MA 0.1201

Vernier_ Software
2920 S.W. 89th Street
Portland, OR 97225

Versa Computing, Inc.
3541 Old Conejo Road 1104
Newbury Park, CA 91320
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APPENDIX B

THE FUTURE OP COMPUTERS IN SCIENCE EDUCATION:

AN IMAGINARY DIALOGUE

by Harold G. Peters



'1

'Ae Future of Compute
An Imagin

Harold °J

'in Science du ation:
y_ Dialogue

Peters t'

p

In the following, an anonymous queitioner
HP, in an imaginary dialogue concerning t
computers in educatiOn, with speCial emph
education. In the course of the dialogue, criteria for new
science curricula in a computer age come to light.. \

eng4ges Hal Peters,
e futgre ;ole of
is oh science

t
".i0IF6g

QU: What's all the excitement about, computers in edud

HP: The computer irevolutiOnizing the way\ye handlel
information. Sincence the stock in trade educatio

education.
information, the computer promises to rerlutionii

tion?

4

QU: But every new wave of technology is hailed as a savior of
edutation. Look at television; it has com etely
transformed communications technology, and et what 1134 it
done for education?

HP: I have two reactions to that. First, I would argue th t
television tea; had en enormous, effect on education --
just'doesn't happen to have occurred in the traditional
structure of the educational institutions. Second, a ore
important, I think most thoughtful observers will agr that
the computer has tremendously greater potential to affect
educational practice than television ever bad. s

QU: Why is that? What is so special about to computer?

HP: The single most distinguishing characteristic of the
computer is its interactivenesa. With so much ofwhat we do
in education -- and'thisvertainly holds or many of"the
real failures 9f institutionally-based edu ational
television -- the student just sits passively, hoping at
best to be entertained, With the computer, on the other
hand, when it is used well in education the studentjs
almost continuously active: responding to questions, making
inquiries, or perhaps creating new program code of his own.

Q0 : You spoke of a revolution. What are we moving from? \What
are we moving toward?
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HP: In Thomas Kuhn's Mu stsucture Q. ficientific Revolutions, he
speaks of science moving from one paradigm to another, where
a paradigm signifies the characteristic mode of attack for
scientists of a given era. The paradigm for educaion over
the last couple hundred years at least has featured the
classroom, the teacher, and the textbook, where the teacher
has been the chief actor, and the textbook has provided the
script.

QU: So you would say the textbook is really the characteristic
feature of today's educational paradigm?

HP: Yes, and I think that to a large degree the computer will
become the defining characteristic of the next educational
paradigm as the revolution unfolds.

QU: what of the teacher and the classroom? Won't the computer
affect them too?

HPT Of course. Some are predicting that the classroom, that is,
the traditional educational institutions, will disappear, {
with education becoming a home-bound, almost entirely
individualized pursuit. I think this is extremely doubtful.
The social contributions-of the classroom are too important
to cast aside.

QU: You're speaking of the social skills that students learn in
school?

HP: Not just that. There's a great deal to be gained, too, from
the interactions among differeht students as they are
collectively trying to understand new intellectual concepts.
And not incidentally, some of the most exciting new research
in educational computing concerns what goes on in small
grouP learning with a computer involved.

QU: Does this mean that the teacher disappears from the new
paradigm?

HP: Not at all, in my estimation. In the old paradigm, we saw
the teacher taking the lead role in the educational process,
following the script provided by the textbook. In the new,
I think we will more frequently find the teacher joining
xith students AA A learner, using the computer as a tool to
actively explore the subject matter.



.03: Okay, so the computer doesn't replace the teacher. Does 4.
replace the textbook? Does it then provide the script 14
the new paradigm? Or is there no script?

BP: I think we in education have learned from our gxperienc401-
with so-called "discovery" learning that unguided learning,
without a script, is at best much too inefficient, and at
worst fails completely. So it seems to me there must still
be a script as part of the new paradigm, and I won't,be
suiprised if in most cases it is provided by a textbook.

QU: Now you have really lost me. A while ago I thought you were
saying that as part of the revolution, computers would be
replacing textbooks.

HP: You could well have inferred that from what I said, but that
is not precisely what I meant. Let me try approaching it a
little differently. .In the present educational paradigm,
the Imerwhelming emphasis is on the acquisition of facts (or
at best, concepts). Textbooks are reservoirs of.facts and
thus provide the script by dictating which are the facts to
be acquired. In the new paradigm, the focus will shift from
content to procest. The emphasis will be on acquiring
learning skills, per se, with the computer as an essential
tool to be used by the learner.- So in this sense the -
computer does replace the textbook as the defining
AhAZIOLIZiStic of the new'paradigm..

of

QU: There's still the matter 'of the script.

1

1!"

.HP: That's right.- But in keeping with the paradigm shift, the
new scripts must focus on process instead of content; they
must guide learners -- students and teachers together --
through activities, frequently utilizing the computer, that
sharpen the learners' skills at learning.

QU: It sounds like we need a whole new generation of textbooks.

HP: Precisely. The frequent cry is that we desperately need
educational software, But .I can cite instance after
instance of excellent software whose educatiRnal potential
is virtually untouched for lack of appropriate scripts.

QU: Can you cite a particular example'that would illustrate?

HP: One software package that virtually everyone familiar with
the new personal computers is aware of is nsicalc. Here is
software that was created for a non- educational purpose, of
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course, but electronic spreadsheets Of this sort have great
educational potential. With the appropriate templates and
scripts, they could be used very effectively in support of
laboratory calculational needs and for that matter, in
support of general purpose problem solving.

Na

QU: Is there an example that is closer to education in its
original purpose?

HPr One that comes to mind is ARBPLOT, which is a large set of
programs designed to support a calculus lecturer in the
classroom.' Here an excellent script already exists, but it
is directed to the teachex. While this pa;kage is bec ing
very popular with calculus teachers, I think it could
even more popular with their students, if the appropriate
script were provided, detailing exercise after exercise that,
applied these general-purpose support programs to specific
topics in the calculus course.

0

QU: Let's return to one feature of your new educational'paradigm
that intrigues me: the role of the teacher. Why do you
portray the'teacher perpetually in the role of a learner?
Won't future teachers be trained before. entering the
'classroom? How Can they teach if they are not trained?

g . -Those are'all good q estions, but I must digress a. bit in
order to answer. Th .central, most salient feature of our
modern society is Assuming that the purpose of
formal education is o prepare young people for a productive
life in society, then it immediately follows that a primary
function of education must be to equip its graduates for
dealibg with change. This'in turn implies .that the graduate
will be 'capable of =timing his education, learning anew
to cope with his environment as that environment continues
to chapge..

QU: And it impliei that teachers, too, must keep on learning?

HP: That's right, especially in the sciences, where the pace of
change is so rapid.

OU: Tt just occurred to me that the computer has a curious role
here. Isn't it a major contributor to many of the changes
that are now in process?

HP: It certainly is. Bolts educators we must address the
computer as one of the important phenteen# for our students
to be introduced to. But because it is such a powerful
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device forithe manipulation of:information, the computer
promisee to be an 4mfottatt-part of the4qution.

QV: 'It seems that for science education, the significance of the
computer Is'heightened'even further.

' RP; Yes, 1 think 10. Sciende educators espouse a dual purpose: r
to prepare all graduates for knowlegeable participation ih a
high-tech society, and to help prepare a select few for
careers in licience. Since computers are each a prominent
feature of the new technology, it is imperative that all who
want to fully participate be computer literate. And
computers have-.become an especially important tool for
scientists, to fdr the science career -bound student,
computer ,literacy 'is 'doubly imperative . . 1

QU: 'But isn't,ii also true that many of the topics of science,
as well as its processes, fit naturally with those
techniques that are emerging as successful instructional
applications of the computer?

kF: In fact, it is in the sciences that the most promising
educational applications of computing hatte thus far been
demonstrated.

CC: Well, we've all heard of drilljand practice, tutorials,
simulations and gaiei, etc. .1.* that the sort of application
you aie talking about'?

HP: ,that"s it,, but only in part. In the context gf what We were
discussing earlier, each of these types of educational
computer usage needs to be viewed in a little different

Ilight. Most of these' types of application have only
scratched tire surface in terms of bow effective they LDialsi. .

be.'.
-.%

'

,
' `

AN: Why don't you get more spetific. I have seen computer-based
'drills thatAlelp students learn the symbols for the chemical
elements. What more Ean be said about something as
straightforward as that?

. ,

HP: There are at least two major, points to be mrde here. First,
such drills as phi refer to are almost always handled in a
non-optimal, non- idualized
still much to'be researched concerning optimization, some .

I

non - individualized manner. While thine is

important principles have evolved from years of experience
, at, Stanford and Illinois (PLATO). Using these. ideas, drill

, 1
,
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authors couldSeven today be producing drills that would be
much more efficient for student learning. .

The second, and perhaps morep.crucial point relates to our
earlier discussion of the need for formal education to lay
the basis for lidelong learning. Much more valuable to the
student than the facts that can be mastered through use of a
specific drill would be the_ Bic:1.11_1pr constructing the
studentits-own future drills whenever the occasion might
demand some facility with a given body ofifactuil
information.

QU: It sounds like we ,have a'clearly defined software need here:
'drill routines that incorporate the best that is known
regarding optimization techniques, and that allow studenti
to provide their own lists of facts.

HP: Right, but we should say 'learners' rather than "students",
both to imply that learning will hopefully continue beyond
.one's,stiident days, and -- once again -- that teachers will
be joining together with students in thelearning process.
So in the best classroom uses of computer-based drills, we
might well see students and teachers deciding jointly what
are some of the factual data that should be drilled.

QU: Let's move to another of the more common educational
computing applications,' the simulation. This seems to have
been a very popukar application in the sciences.

_

HP: Of course! what could be a more natural application in the
sciences than to allow students to 00 beyond the confines of
the laboratory or field investigation -- which may, be
inaccessible, too costly, dangerous, or time-consving
anyway -- and'totcarry out as many simulated investigations,
as they may focusing throughout on thelogics1
problems of experimental design, hypothesis testing, etc?

ire

QU: That sounded a bit sarcastic.

HP: Well, the problem is that it just doesn't work out that way
mast of the time. As beautifully executed as many
simulations are, the typical student simply doesn)t know how
to make good use of them without guidance.

QU: - It sounds like we are talking about the need for scripts
again. Can you give us any illustrations here?



HP: One of the best illustrations I know is a genetics
simulation called CATLAB. It allows students to produce
litter, after litter of kittens, with coats of ninny colors,
displayed brilliantly on the computer. As a bare computer
program, it would probably entertain many students for a
while, but it would be a rare student who learned much
genetics from it.

Thanks to s Conscientious author, howeVer,'a very complete
script -- in the fora of. printed guides for the student and 4teacher -- is provided. Following' these guides, student andteacher together can learn a great deal about the
inheritance of coat color in 'cats, and thereby about
Mendelian genetics. At another level, they will be learning
a great deal about the methodology, the process of science.

QU: And at still another level, if students perform some of,the
investigations as,a group, they will undoubtedly learn
something about the sociolooy of science, as they
collectively wrestle with which hypotheses to accept and
reject.

HP: There's a great deal more to be said about the use of
simulations in science education, but let me bring up just
one point.that touches on another important area of need.
Practicing scientists in the course of their activities
frequently rely on tbspcomputer in constructing models of
natural phenom4na they are studying. Students can
profitably be introduced to this model-building activity,bdth to become acquainted with some more of the methodology
of science, and to gain facility with an approach that can,
serve them well in problem-solving situations of many kinds.

QU: Can yolObe a little more specific? How will facility with.
computer -based modeling help a person in solving problems?

a.

HP: Consider a homely little anagy. Many succesful
problem-solvers find it helpful to make sketches of their
problem, showing -some of the relationships among the parts
of the problem. Just this act of visualizing the structure
of the problem can often begin to suggest a soiu ion.

I envision future problem solver* routinely buil ing
computer models of the problems they are trying to solve.
Here again, just the act of systematizing the problem to get
it into the computer may well begin to suggest a solution.
But beyoif c this, once the problem is modeled, 'the person
trying to forge a solution can try all sorts of lthat if?"
types of scenarios, exploring tentative !Solutions and their
consequences.
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QU: I can see the utility now but where is the educational
need?

HP: We must give students practice at using the computer to help
them think about problems. They need to become facile at
formulating problems in ways that are compatible with the
computer's capabilities.

4)
QU: But... *

HP: You are correct in stopping me there. I have it exactly
backwards! And that gets us more directly to what is the
need. We as computer specialists need to come up with
software syste=hat are compatible with the nature of
problems that le are trying to solve.

)

en: That sounds like a pretty ambitious agenda. Can you bring
it back down to earth atAlll?

BP: Sure. There are two very -nice examples of the kind of thing
I am driving at that fortunately already exist. One is
LOGO, Seymour Papert's brainchild, which among other things
allows students,to modularize problems into small manageable
chunks that can be handled with small, self-contained

. procedures. A second example is the version of DYNAMO --
'Forrester's simulation language -- that is now available on
small computers. And happily DYNAMO comes with the kind of
script for educational use that we were talking about
earlier.

QU: So the need here is for more LOGOS and more DYNAMOs?

BP: Yes, and for many more scripts that lead learners through
more varieties of problems to which these languages can be
applied.

QU: Are we ready to move on from the topic of simulations, then?

HP: Not quite. There's still one more point'to be made that has
very broad implications across the science curricula. We
can, get at this point by considering one of the common
simulations of projectile motion that have students fire
simulated missiles at simulated targets.

113 8
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v
. IQU: liu,mean the type where I can specify a starting velocity

for the projectile, as well as an angle of inclination, and ..400111r"
then folllow its trajectory to where it strikes?

I
UP: Yes, that's the type. And the point I want to make is that

simulations like this can be used for at least two very
different purposes. The most obvious one is the one;we
already touched= muller4 that igo-students'canAtie-tte
simulation to become a lot more familiar with a phenomenon
that is rather difficult to study closely,in its natural

Iform. They can become very y familiar with bow starting

tle
velocity and angle of lination qualitatively affect the
trajectory before theever try to tackle the abstract formof these relationships, as embodied in mathematical
equations. The>slecond purpose is just the other side of
that coin: they 'Can use the simulation to study the
mathematical equation itself, watching carefully just how
the trajectory changes when different parameters in the
,equation are varied by different amounts. .,"

QU: Once more I see the utility of what you are describing, and
once more I must ask: (here is the educational need?

HP: We are back to what we mentioned much earlier: the need for
new textbooks, for entire new curricula across the sciences.
In one or the other of the two ways I was just describing,

cd

simulations -- suppleme tea by pr4nted or on-line scripts --
can be effectively appl ed to just about every major topic
that is or ought to be a reused in the school science
curricula. We need whole new science textbook series that
invoke the computer at virtually every turn. I have
emphasized simulations at this point because of their great
instructive potential, but there are of course many other
types of applications that should be called upon, too. Some
of these we touched upon earlier.

QU: Throughout our conversation, you have discussed implications
and uses of the computer that seem applicable across all-the

-2\ different sciences. Do you feel your observations are also
applicable at all grade levels?,

BP: To some degree, yes. I believe, however, that one of the
special problems in elementary level science education is
that teachers at that level are in general woefully prepared
in the sciences: they don't know the subject matter and in
most cases they are not aware of the best pedagogy.

QU: Do you see any hope Jima the comp

C
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BP: If we can come up with the new science curricula as we have
been discussing, and if these employ the computer well to
become effective self-instructional materials for joint use
by students and teachers, then I think the answer is
self-evident. The teachers will be learning the subject
matter, and at the same time will be exposed to some of the
best pedagogy.

QU: Do you envision the new materials being used in preservice
training for teachers, as well as in the elementary
classrooms themselves?

BPi The preserviCe use is the most critical, because this isohow
we are most likely to bring the new educational paradigm
into being.

QU:, It seems to me that producing these new curricula will be
enormously expensive. Can you give us any idea of the
likely costs?

1

HP: Let's gol back 'to ARBPLOT to try to pimilde one benchmark. I

have implied that the software here could provide the basis
for a new calculus course. Conservatively, there are two to
three man-years of investment in the development of that
package as it now stands, let's say an investment of
$100,000. It would probably take that much more to produce
the new textbook.

QU: So we are looting something in the neighborhood of a
quarter million dollars for one new course. By the time
that development is complete don't we run the danger that
new hardware developments will render the course obsolete?

HP: That is aWays a danger, of course. To avoid that, we need
to be constantly vigilant that we are designing the new
materials in hardware- independent ways.

QU: I guess that could lead into another whole dialogue of its
own.

HP: That's etgiqp.

Re-
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SOURCES OF SOFTWARE INFORMATION

SOFTWARE REVIEWS

This listinq is Hatted to publications who erimarypurpose is-to provide review and evaluation of software. Inaddition to ihese sources, any computer-related periodicalsreserve a section in each isZUe for evaluatintfnew SOftwareproducts. See the Per listtngs for computer magazinesand newsletters and note that those With an asterisk Are Almmluropo for qpurseware review

CoursewareTelportaparl, 150 We Carob Street,.Compton, CAS innuer/vnar. Tn-drpth description and rwaluation.Average 20-25Areviews per issue,

The Digest of Software Reviews: *Education cro School andlkune Courseware. Inc.. 1341 Bulldog L;Ine, Sulte0C, FresnO. rA91710.° 4 tesues/vrar. Abstracts reviews of sti priumtionoli
software.packages in each %IOW, AOglenle errMciP rdescriptors. Sears and Library of Congress subject had g.

Dvorak's Softwnro Roview. 704 Avenup, 111114 y, rA
1470f). n iscues/year. Averages 2-5 roviows per 1;I:lue.
zu,ftwnrr North Star

IT and Consumers Union Micro-Coursewnre PRO/FT , andPvaluation. MIR Institute, P.O., Box 620, Stony Brook, NY117q0 Basic packages for softwnre And hardwnre evaluation are
.

updated monthly with 2-4 page evaluations sent with micnommi
New`;) "titer

The Journal of Courseware Review. Apple Educational
Foundation. 20515 Mariani Blvd. , Cupertino, CA 95014. In-depthevaluations. Contains photo of screens from the programs.
Average about 21 per issue, 2-4 mew in lengtb. Apple softwire.

MicroSIFT News.
Laboratory, 100
of field-tested
iongth

MicroSIFT. Northwest Regional Educational
.W. Sixth Avenue, Portland, OR 97104. Analysissoftware. Average 12 per isue, one.,half page in

BEST con AVAILABLE
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Pipoline.
TA 52244.
reviews,.1

coNnons. University of Town. Box 188, Towa CitY.
3 issues/year. Primarily college level. Average S

or 2 pages in /ength.

An Softwatc Critime. Pox 114, Waukegan. 11. s0n8s. 4
imluen/year. Offers rating scale 1 1n0

noftwnre Review, Mignform Review. Sla Riversiiie
Avenue. Westport, CT 06SSO. 4 issues/year. Average 2-6
reviews. 6-111 pages in length.
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Other. Sources of softwnre Revlew'

and- nfumat- On- it ne

t
Various search services cOrrently available providedescriptive and evaluative inforMation about- edimatiOnalooftwdre, Some of these' databases also merve as a mechanism fearucer aommunication.

Ribllographic Retrieval Services (ARs)
Education Service Croup
1200 Route 7
Latham. NY
(S18) '783-1161

Among FiRS' more than 50 files are several Of particular usein locating software informat ion: School Practices TnformationFilo (MI?) lists over 1.500 educational software descriptionsincluding the MARCX and MicroSTFT catalogs: Resources In ComputerEducation (RICE)`1,6ntains over 7,000 courseware Aencriptions withNorthwest Regional Educational Laboratory' (NWREL) evaluations forapproximate3y Int of the packages. and DISC, which indexes 17computer and cduoational comrutincl PortOdicalZ for floftwrirerpviews ac wel411 a articles of genvral interest.

DTALOC: Information Services
1460 Hillview Avenue
Palo Alto, CA 94104'
(f;00).277-1977

A
Over 150 databases can be searched on atm= including theMicrocomputer Index WhIch indexes 29 educational and persona)

:Mess and educational lournals for reviews of noft

computing magazines fully and Provides partial coverage
re

more lama
and peripherals as well as reports and articles. The Index 'isalso available as a quarterly publication. The Internal SoftwareDatabase (ISD) lists descriptive information provided by vendorson software available for micros and minis. For a search fee amler can have ISD conduct the search For heiVhim by writing orcalling OneStopeoftShop, 1520 South College, Fort Collins, COnar24, (303) 482-5000 or (SOO) 52.5-59W, ;ptv, micirocomputer,Tnriex and ISD can be searched on DTAT,OCis KnOWle rn1, theniqhttime and weekend Cervtce.
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The Electric Software Finder
TechnIca1 Education Research Centers
1696 Massachusetts Avenue
rambrideln MA 02118
(617) 547-11190

Thrs free service provided descriptive information on over1,700 X-12 'math and science software packages drawn from Preeden
Associator' The Software Finder and from. original researchfunded by the U.S. Department of rducation.

rc Telemart
PC r1earinghounp Tnc. Pliblishers
11701 Lelacknon HinhwnY
rairfax. A 22011
Avollable at retailers

Thiz1 on-line shoppinq riervlce lists over 20 .Ono software
anrlications'. APproximately At of them are in the c (.111eltion
fleld. A'count of the 7th edition of the PSMenhouse
Directory found 112 math listings and over 80 science packages.

:orsParch
Sofnearch intern. nn. Tnr
P Dog 5276
1";an Antonio, TX n2111
(512) 140-n715
(non) i -5955

For a year Fee, subscribers reneive up to S search
roports, updated quarterly. Individual, one-time searches arealso available on a sinelle-fee basis. Sofsearch provides
coverage of all kinds of software including packages for businessand general applications.

nnftware Starch
eOpftwirre Mews
S Kane Indystrial Drive
'lludson, MA 01749

/ j617) 562-9108

The software database of
ne-time bads and covers

Software New is acnesslb3e on
range of applications packages..
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Software ni roet:oriffs

Tk Is an annotated listing of the ma Tor directories of
educational software. Some directories are machine-specific:
others provide general listings for a variety o educational levels.

CENERAI.

Arsargnfil. Software Publicattons, 6 South Street, Ilford.
Nil 01055. Lasts ooftware for Apple, TRS-SO, Atari and Pet
microcomputers. including some educattonal packages. Free:.

Umptinnt212 ComutCatals2g. P.O. Box 787. Corcoran, CA
91212. Programsymimarily for thy Apple and some for Atari. PET
Ind TRS-RO. New educational catalog out soon.,

4
Index to Computer-Based Learning. ,19n1 Edition.
Tnstructional,Media laboratory, University of Wisconsin, P.O. Box
411, Milwaukee, WI 53201. Lints over 4800 commter-based
I earning programs. Each in crosn-indexed by caurr,e, programming)anquarte. central processor tyro, 'and programming category.

Tnstant Sottware. Peterborough, Nil °limn, Prep direct
mail catalog o4fered by publtsher4 of Microcomputtng (formerly
Kilobaud).

1#6

TristructOr's 1182-1983 Co utor Director for Schools
Attention: Elsa Silander. P. . Box 6099, Duluth, MN 5588 6
Cuide to the selection of microcomputers, peripherals, books.
resources, )ournal, and free materials, as well'asfinStruot4onal
and administrative software. Distributed to secondary and
elementary school principals and available to others for $19.95.
Currently being updated.

K-12 Micro Media. P.O. Box 17, Valley Cottage, NY 10989.
Lints and describes 250 programs from 50 vendors for the Apple.
Tns-Ro, PET and Atari computers

Marck Inc H '280 Linden Drive. Branford, CT nAnn2:
.4,
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Programs listed by computer (Atari, Apple, PM, and TRS-80),
sublect areas and publisher.

'nsummMilfm2J12ED2ratImGatal2a, P.0 Pox 191. RYe. NY
105110. Hundreds of programs linted by type, including
educational. Also lints computer accessories.

OPPortunities for LeArring, Inc.. Dept. L-4. 9950 Lurline
Avenue, Chatsworth, CA 91311. Lints educational softw4re,
P lementary through College .f(W APPle. prT, Wirl, find ims-on
computers: lAsttnge by =bleat. andvithin sMIDDect Art?a0. bygrade Free

PC ('1c.iri
'Pub"! shers . 1

Eight percent
IrProgimately
Telemart will

se Dirmitor . Pr: Clearinghouse, Inc .

701 lee Jackcon Highway, Fairfax. VA 22033.
the 21.onn packages listed are eduCatlOni.with
7 math and 9, ztelonco packages included. pC
)(In be available at retailers as an on-line

:Mopping service.

pjleue 5 Chapel Mill Drive, Fairfield, CT 06417 CatolOgn
educational software available for Apple, Atari, pm, and TRS-R0
microcommiters. Covers 40 educational software publishers,
Progrims grouped by sublect and grade.

Rrferrnce Manual for Tnstruotional Unorn of tumnalmatt=
Arm Research, Discovery Park,Ilniversity of Victoria, ,P.O. Bo
17n0 , Briticlb Columbia vnw 1Y2, rANATIA. Tndexes over
um educational tvoftware titles referenced according to sableot
rnet qrade' 1 eve1.. Descrtptors and evaluations of over 2n0
roprnentatiOe prograMa included. An 'update with approxiiii1V
,0 reviews appeared in ,Summer, 1992.

Scholantic Microcompute 7nstructional Materials 904
Sylvan Avenue, Englewoo Cliffs. Ni' 07617 . Free catalog lists
books about computing, omputer accessories. ;end eductional
software for APPle, TRS-110, T7-99/4 and Atari microcoMPuters.

The Software Cata305: Microcomputers. Elsevier Science
Publinhing Co., Inc., 52 Vanderbilt Avenue, New York, NY 10017.
Two catalogn and two supplements each year are produced from the
Tntyrnational Software Database. The Spring 1981 catalog has
approximately 750 educational applications entries. Tt is the
successor to the a____Ilyti-iontiteroftciare_Parsr.
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The Software Directory. Software Central, P.O. Box 10424.Lincoln, ME 68503. Cuide to programs including a category ofeducational software Educational list is subdivided intoprograms fore vartous microcomputer systems. Programs are brief)),described.

1211$2119.1tkatgZAMiltr- DrOndnn Acn(I("aten and Technical 2....//EducatiOn Research Centers, Inc., Eliot Street, Cambridge, MAQq3S. Comprehensive guide to educational software arranged
.by subject and indexed by-machine'and title. Depeription givestype of program, grade leciel, system,- language and mini aimhardware requirements. as well as prtce, brief annotation. andreview citations.

4

Evifticl Educational Software Director Sterling SwiftPublishing Co ny,-'7901 South H-35 Austin, TX /S744. Containsinformation oil educational software publishers; provides contactnformati on.

e

VAntoves Educators Handbook and Software Directory for
Microcomputerr, 'Vital Informatfon, Tnc., won Mastin Drive,Overland ,Park. KS 66204. Indexes by subject and grade level %.flducational and administrative soFt.i.4nrn. Directory has overallratings of 1 tv 3 stars assigned by the 'editors. Articles and-bibliographiml on special topics are also included

APPLE
p

The Apple Software Directory. Volume 1, "Education. WTDLVidao, 5245 West Diversey Avenue. Chicago, IL 6061s. Listsducational software available from over 400 vendors, described'briefly abd cross-referenced by subjrilt matter WTDL Video alsopubliches,an Apple rneourc u. directory listing hardware. boards._and arceecortes: and the Apple TT Blue Book, which inclilden all*. of this information in one volume.

rXrbeks Software Directory 11950 Dorsett Road. rim Louis.63043. Describes over 1,000,programmfor the Applemicrocomputtir. EduCational software is di'vided by subject andincludes programs for Grades K-12

Swift's Fducatieinal Software Directory. Apple TT Edition,
.:;Carl inn Swift Publishing Co. , 7901 South 1H-15, Austin. TX78744 1981-84 edition has software annotatirs Arranged bysubject and,.1.ndexed by title :inc) publisher

ol

S
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Badlasiboxx Tns-nn. Educational Software Sourcebook. FromRadio Shack otormn. neseriben procyrams for all Tnr-somicrocomputers. .rescrlptiOna-are grouped to eleven SUbJept'
categorien and are indexed by title, user level, and
Anntructional tephniqve,

APPLE 7T7RT

MrCC
computi nti -Consort turn , 252n Broad V
r:.itolog of Apple and Atari ;loftwaro
Are available throw"), mEnr:

yrARI

. Minneeota Educational
Drive,. St. Paul, MN 55113.
mrrr devoiopod, proqrams

-

ht,Irt Pr'orfram Exchangt. Atari, Tnc. P.0, Box 427,
Sunnvvalo, CA 94086- Lartle catalog of uner-derloped 'S.oftwareFor Atari.

TBM Softumrelllardwre DtrectOu. Sapand Micro Software,
Pittnburq, KS 66762. Publiohed twice A year with monthlY
upeiatrn. Tncluden 2Inftware product. lintingn ;Ind indeXen productrvwtowr and book review:1 of TAM productr in mint maga7Anes.

r6pirionortr.

Commodore Software Encyclopedia. Commodore Buninens
Machines, Syrtem Marketing Croup, 681 Moore Road, King of
Prusoia. PA 19496, oftwro for-the PET mo. 4000. 80th] and
rrT/mm ryntemn liated.For nevon afnas. inclyding education.
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Hewlett-Packard Series 0 of. twre
. SerieS 90

-Users' Library, 1010 N.B. Circle Road, Corvallis, on' 97110.
Reference quido to program available For Series RO Personal
Computero includinq both contributed procTrama and applications packages

a

TRX)C. THSTRUNENTS

Tema C Tnntruments HOmp Computer ProaraLlampry, 10012. From
Tomas 1747;Fr=iimenttl dvalors. Liots prat .rams rmeated by toxas
Tmttrumentr: and by independent aoftww-v pUblishers. Categories
include a seCtlon of educational Listings.

11,
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Per10d10;41s

BEST COPY AVAILABLE

4

over 7,00 riortoopcals now oxi:It'in the computer industrY.The following is an extensive list of those,30UrnalS and neWeletterethat are useful to educators: .

Arm numptln
A.Inociation for-Educational
Mita Systems'
120T 16th. Street, N. W.
Wo:lhington, D.C. Nln16
puarterly

.

Arnr Monitor
Associativp for Educational.
Dmtl SvrItoMs
1201 16th Street, N. W.
4Anhtngton. n.c, .2m116
Pi -month) v.

Tho Anrle Journal of
rnurnflwarrl ReviPw
Applo-Computer Inc.
1 rm6o nrIndlevAlrivp
rurprtiTio. CA 95014
pubiished irregularly

Arl'thmerrc TF7acher
National Council of
Teachers of Mathematics
'1906 Annocizition Pori Ste

Reiliton, VA '229111
9 ,souesivear
(Inc)udes, membership)

Atari Computer Enthuslants
3662 Vine Maple priVe
ruclerw. (DR 94705.
10 innuen/year

S
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RYTT?
70 Main Street
Peterborough, NH 03458
Monthly

Cillcu)atOr.1/Computerr;
DYmax
P:O. Rox 17
Menlo Park, CA 94015
7 .tscuen/Wtar

(711)(IntrinAtMnIrr-aal
Chicacto TRS-R0 Users Croup
201 N, Wabash, Room 1510
Chicago, 606010
10 issues/year

(Mime
Cloarinqhmize of

Sim

In t- o nut ion on Micro-
romp nrn in Education
Ok1ah 1 State TInivearnity
inn CUndersen
St'illwnter. OK ,7470,1
Monthly

r11117 Newnlet'ter

romputvr-nsing,Educatorn
no,( 1,1547
Son .'Tor e, (7 15158
Pi-monthly
(Tnc) uden membership)

claammx12122=2±tklin
Tntentional Educations, Inc.
141 Mt. Auburn Street
Watertown, MA 02172
Bi-monthly

Cialin9211tgaP
(Computers and the
handicapped)
Rt. 7. Pox 6$1-
11efilrr.lon. MN 56044
Ri monthly

- 146 -
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r".ompute!
TIox 5406.
Creensboro, MC 27401
Month3y

Cry later
TREE Computer Society
10662 Ian Vaquerae Circle

Alamitoc, CA 90720

0

rommter Grop)4n World
714 Stmt-ki-nn

Franr,isno, rA 94111
Monthly

romputer
nonton Computer Society
1,41renter

Tinnton, MA
R1-monthly

Computers a Friucation
Perriamon Pre .s, Inc.
Maxwell HOuse, Fairview park
rlmlforri. NY 10521
nuarterly

/04* Cemputnrs and Electronir's
(formerly Pqpular
Plortrrinics)
7tff Davis PUblishinci Co
Om! Park Avenue
New York, NY 1 on1 6

Monthly

f72mruters and People
Berkeley Pnterprines
R15 Washinciton Street
Newtonville, MA n21611
Ri-monthly

Computers and the Humanities
Pergamon Press, Inc.
MAxwt,11 Houne, Fairview Park
T'1 m. NY 10521

- 147 -
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0

Tti -coo 19
-

r utin5 TeAcher
Department of Computer and
Tnformation Science
nnivermitv of Oregon
Ruelene. OR 9740 1
9 ipsueslynar
(Inciudes membOrship in
International Council
fnr Computers in
Frlucation)

nog 7,19-m
Morr 1.r town , A1.1 07690
Mont-. hi NI

Dobb# s .Tourna 1
Poor I t,. _Comp./ter
134-ii(

1 7c51 no Rea I.
Mnl ri Park , r4A 94112
1 n r

PTM1

Priurat- i °nal Protiuc-1".^.

fit e Pam 1 rment- Corr..
Ma t 1 Slot-. M201i2,/17.3)

Tron Wav :O. h 1001
Marl born, 01752

PTA
Tsourb P
Jurtilu , AK 99R11
10 f afttleolyear

FOUcational Commter.
!lartansInp
ilox 515
rum rt I no , CA 9501 5
Ili -monthly

Priurat lona 1 Ter'brologi
140 Svl vrin Avenue

-148-
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A.%

Encflowook:1 Cliffs. N.7 07612
Monthly

AO Micro
Wayne Green Publications
AO Pine Street
Peterborough, NH 01458
Monthly

AO 11.S.
icrui South Warner St.
Tacoma..WA. 9A409
Monthlv

E ctronlc Education
1 1 1 Executive Center.Dr.----
nu to 22n
Tai ihamsee. FL 1
in issuesiyear

Eloctronic Lei nln
Sylvan Av.nue

Fncllewood C
Monthly

ffs, N.z C17612

Techn ral Education
! Newsletter

Ilvgo-rch Centers, Ine.
109 Massachusetts Avenue

rtdrje, MA 07138

ilLgh Tv(Ihnology
Tochnolmqy Plzblinhinq ro
18 Commercial Wharf
Boston. 'MA 02140

InfoWorld
375 Cochituate
Box ;Inn
Framingham, MA
Weekly. 51 issu

Road

0170i
erdwar

Tnntructional Tnnovator
Annoci(ttion of Educational

- 1491-56.
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uniaation0,1 hnology
46i4i''Strk4it, N.W.

Wao miton, n c. loc3 6
R tomes/Year

Instrugtor
7 Rank Street.
Ransyi I le , NY 14417
9 ineues/year

Interfae:th
g Education arter

Mitchell P lishing ro.
115 Rtyer Street
Santa Crux, rA 95060.
Quarterly

interface Age
16704 Marquardt Ave.
rorritnn,CA 90701
mollthly

Journal (5 rn tter-
IFIELMatinn
Anm TnternationV
WIlldcmartern
r!ntnriltf-lr renter

Wostern Washington
Oniversttv
Px,11ingham, WA 98225
Quarterly

Journal of rompAters in
Mattlematics and Er,ionrp
Tr,Arhing
P () Sox 4455 0
Austin, TX 78765
Quarterly

Journal of EdUcational
Technology Systems
Raywood Publishing ro.
120 Marine Street
Rnx n
rarminilda1e, NY 11715
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It

Kilnbaud Min ocommting
Sof- Micrneo 1.ing

The Loc10 and EdIpationail4

COMPutinS-19MEnal
1:20 Stony Brook Rd
Suite 219
Stony Brook. NY 11790

tOrm Journal
Michigan Association for.
romputer tJnern in T.Patning
WaJyno County. TSII
llson Van Rnrn Road
Wayne, MT 4S1A4 A

15nuesivear
(Tncludes memberohip Mo
longer innlude.Treviews)

M.lthema 1(7n TracSet
Nntional Council of
To.whor:1 of Mathemat'ins
1906 AtInontattnn Drive
Re:1ton. VA 121191

ln:7,uo:I/vt'ar

(Tnr:ludos memberohip)

M°07:1 Mc' thodn
1 Al 1 Walnut :trout.
Philadplphlo, PA 1911)2
Monthly

MrorhonTrutPrs 111 Educatjon
Ouvue
A Cbapel Hill ['rive
pairfieid, CT OW:2
Monthly

Micronomputing
Wayne Green Publications
nn P1 no Stromet
Poterborough. NH 0145A
Monthlv

Mit7rnInk

- 10-58
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14 Chelmsford rit:,
P 0. Box A502
rhelmsford, MA 01824
Month1Y

Micrn Media Review
Rox 425
Ridgefield, CT 06877
10 isoueelyear

Midnite Software Cazette
cvntral

. Croup
A15, M.-fric Court.
Mt Zion, IL 62549.
Ri-monthly

Flo:r 125

Linroln, MA ni771
A.isrmenivivir

OutTut
'1'01-thnica1 Publishing
AAA rift}, Avenue
Mpt4.Ynrk. NY 1001g

0

P 0 /qng lAR
rruces, NM 88004

in:men/year

rf,rlonal_rqmputPr AcTo
10057 commerrT7 Avenuo
Tujunq,t, rA 91042
Mont-hlv

Per4knal Computinq
SO Essex Street
Rorthel3e Park, NJ 07661
Monthly

41i

PoEuLir Computing
-70 Main Stroet
Peterborough. NM 01458

t
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4

.hlv,

The Rainbow
5A0, Timber Ridge\nrive
Prospect. KY 400541
Monthly

S/ .. Bulletin
Allsociation for ing;
Mach) nary
SporiAl Interest Croup n
Comriuter Veen in.rducAt on
1111 Avonue of the Ameri..ls
New York, NY innlA
Quarterly

4
srtma111=LInEEELTr
Bulletin
loarning Publications, Inc.
Box'1126
Holmes Beach, 115flq

Simulation Aeiri c mer:
27c$ South Revorly Drive
BP.vvrly MillnerA 91) 217

OuartPrly

Softn)4P
Box 68

NH [MRS
Monthly

Softalk Marmine
11021 Martnolia Boulevard
North Hollyw0od, C 91601
Free for first year to new
Apple owners
Monthly

tware no est
76 A t1e Rive Turnpike
Suite 41
Annandale..W% 2 1
Weekly

0
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!loftware Exchange
P,O. Box 55056
ValeneXa 91.356

read: beet
nterCalc
Box 254
Scarsdale, NY 105111
Si-monthly

T M,E Journal
Techn 1 cal Horizons.

n rducat)on
P 0 Rox 992
Acton, MA 01720
A iscues/year

usprn JeArra,
P O. Rox 7112
Tamak, WA 9840/
111-mo thlv

Teachlmi Computerr:
Scholast,c,
902 ilvlvan Avenue
PncOewood ClIFfs, 0 i617
R issues/vPar

Urwrs: Thp mrrc
TztructIonal Computinq
New:letter
2%20 North Broadway Drivr1
St- Paul, MN Ss111
Monthly

Wtfldow
469 Pleasant Street
Watertown, MA 02172
S issues/year
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InsicalthElla

. The Following is a list of 'journals and newsletters whose
software reviews have been indexed by the plarst_a_Oftwnrc
Btyivwn: Education (DSR). The Softwarf, Flintier (sr). and
the databases Microcoaputer Index (MT) on DIMM and P1CC on
Bibliographic Retrieval Service. The depth of indexing varies
for each source as does the period of coverage. ,The addresses
for many of these potiodicals maw be found by consulting the
appropriate sectionsof *the appendix or by chockipg_DRS, SF, Mt,
or DISC themselves.

Tty!_Dia___Lofittilei=_Buiews: Education. m/0 Schnell and
Home Courseware, Inc. 1341 Bulldog Lane. C, Frees .

C
.91710

11,0 Softwarr Ftnder. Technical .Education_Research Centers.
A Eliot Street. Cambridge, M7 0211A.

Bibliographic Retrieval Services. 'Edu. tion Service Croup, 120n
Route 7. totham, NY 11110. (S18) 7F11- 161

TTERT,CY:\Informat on Services. 1460 H11 'tvt
94104./ ,(nno)

Access: Microcomputmrs in Libraries
AMTIr - MT
The Appin .lournal of Courseware
Apple Orchard NT
Arithmetic Techer nRC
Atari Computer Ertbuslacts
The Dock Report - DSR, CP
Rooklist DRS
Business Week - MT (partial
BYTE DISC, nsn, CF
BOston Computer Update -
CAlifornia Library Media
Call - ma.
CHIME - DEM
CIMSE - SF
Chi catrug Newr (TRS) nsn
CUE Newsletter - DSR, SP
Classroom Computer New nrn.
Closing the .Cap nsn. SF
Compute! - DISC. nsR. mi, sr
The Computing Teacher nsR.
Creative Computing,- DISC.

TitC

Avvnue, Palo Alto. CA

nT.c.r. MT

Revinw nsn

noveraciel

SF
Consortium

MI,

rr
. MT. rr

mut
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rounleware Report card nsn ,
41-1.1.1"r 1 cu ]'lilt PrOduce Rev few - C7curr. au 1 um Review - . sr

DATAMATION'
'(flataBate.e'.7- nib;
Desktop Computtncy nTr,r; , MT
71 t' . DObbt Journa - MSC, MT
gaticational-romputer - MR, MT. sr
Educational Computing - SF
Educational Techno)ow D. MT (partial coverage). SrEIBMicrocomputing r41/. MT, srnn. Journa1 -:Mav-M7 (partial rulvo.raer)El er,troni Educat .1 on = neR SrElectron 1 c learning . .M CrEPTE Repot:
EPTE Report 119899 CPFDIE M i eiro-Courseimre PROr
P71!/1. Newel etter,

,SF
TnfoArie sr
In foWt#140 1 ri . Cr
Intntruct tonal Innovator

Thterfaoe Atie nisi% IFT?
RReoemi-ilh DER. (9 ;ThtlYtil l oF romputor4n i r mat hemat I of: !",:e Trb.tc,h,1 ru'r MIThy' .70urno i of rouretew re. I vi eW nr,11 46,47.1rourna 1 of Learning Dillab t es -K i i ob.i lid vtt or amain& CP.' ( ornomPilt i nelTearn nq -NMSR

.jlenUit or: Teorler . sr
Merl t,1 And Method, 5 nsn, MT (partiat onve,nler)
(M77.0(),Tners Newslettnr- nrn,
Micro: The' 6502/680n Jolfrnal mT. sr-,

3 The Micro
MinrocotliPutimg - DISC, mil, MT
Microcomputerc; tri'Educition MR
Mi ro-Scope nsn
Mqpitor nsn

Medim Rev MR
MicroSIFT Revlew - MR, CF
MACITI, 'Joilrna I - nns CF
tildnite softwars? ciazete

crossizteritz MT
-IMUMPS ter Group Quarterly - MT ( part 1 a 1 coverage )1+1.1 bble nsn

rulvor.zr)

,. Wit ion ' 5 Buz' tnesr.: - MI (spa rt i al covernrie )b, ,; onropput. I ng ..- 'zee oP pu 3 ar commit -1 no
. On 1 1 ne -. TYT Er

On I i ni, Rev i e4.4 - ..,C
.ter Arie n-r Fr: , TrnPemtp

Pr: info Inciepenclent Cu t de to the TAM Ponslon.0 romp:tor .nT r.r: . MTPPP 11 t)(1:-.1 TEL MR R. MT
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Perlfonnal Computing nisc. McIl. MT. SF
The.Phystcs Teacher * sr

pular CompUtioq.:-...DISC. DCR. MT
rser's Atari Magazine - nra (no
.rspr's MagazAne -17 (no longer

Popular Elect.Tonics - MI (partial
The Rain6a44 nsn,
.Radlo-Electronten -'Ni (parttAl
The Reading'Teacher - DSR ,

The S-Eighty - SF
Simulation' and Games - SP
school Mc nenroware Reviewsi , itseif
S.E.C.T.O.R. Project -
Snftside DSR. MI
Software Review -.nen
Softalk nrn, MT (rArtinl
Schooi Library Journal nsn
Small nusinesz Computers MT
Sync -.MT
Teaching and Computc!rn nnn
T.H.F. Journal 7 MT

longer publishnd)
published)
coverams)

coverago)

novnrarif,)

A
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n1:11-r11outor;.n of Mothetiiati.c:1 and Science "Srlftwa re

Blofoqy Media. 9111 Parker Street, Berkeley, rA .q4710(415) 5493210, nistributein self-instructional modulen. 04r 6npieces of microcomputer couroeware,and Other Medla-bagedproducte: for biology education

Cambridge' nevelgpmept LaboriltEle 16 P1
Watertown, M1 (21 72 (617) 090-14076.
dimtributem c1Mulationr tutorlalM. ande
and nelence curricula CM. regoarchem a
4:cdoftwzire compatibillty and devolopm pre
undertaken by other vendorn

ponAnt Street,
Develops an well as

i-cw31:1 Fc&r 0101-h
re r, ) of KirdW:. (, :oid

vr,,,,, not 'nicely JY e

Creativii Publican K vmhor R' ..P 0 .Rox
1012R. Palo A ti , CA 94101:. 968-1977. ApproximatelV 10software-, pr ma on moles to%lan Ire dietribOted ag well anbookm, at _co lens. erraphicn, and manipulativea

tion41 MOtertalm and Equiment
m, NY 10801. .(914) 576-1121.

noftware and other media and'activot
new nelence procyramn, eopect

(lhemttrv. ehorrw, and environmental4

C7o P 0 PAV4 '17,

EME mpealalt7Rm in arience
V oeekm to celmmerci.11Iy
allY in the arf,.im of phvnliln,
mti1diom

Edirational Software 'Conmultantm, yno. P 0 rox .1m162,
Orlando. PT. 1:1362. (105) '151-5119 0imtribUtor cournewarr, forApple, Atari, Tyls-no, rm. and TT but doem not ide.ntify
dvveioporm. Includes foreign languagem Ind buninemn aublentn.

(7.1mc Tprjuptriea, Tna.. nog 1911C4Fs, nil Spring, TX79720-024. (915) 267-6117. Over 40(1 M-12 protramn for 'theApple, PET, Commoddre 64, Atart, Vic-20, and TRS-R0 are availablean well ac books. acceeorles, and Audlo-vtoual matprlals. .OnlyMECt-developed programs are identified.
y/

J.L. Hamlet Co Inc,. Microcomputer Divinion, Hammett
P1h6e. llox 545. Braintree, MA 011114. Tn Massachunettn. (800)
972-5056: out ice Mam,schucetts, (A00) 115-5467 Alno (617).84A-1000. Ltsta giver 2CM moftworr, program:* in all categorieri for
Appie. TT:: -fife , rauvrm. Almo feature:': bookm and nuppliem for theromputerized clasnroom
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Instont Software. Wayne Creen Inc . Peterborough, NH
0145A 00(t) 141-07/11 Some eduratidnal programs .are listed an
well as those for buss nest and game applications.

K-12 Micromedia
(201) 191.751;5.
publishers with
programs listed.

. P.O. Box 17. Vh14eCottaile, NY 109149
Distributes the programs of over 100 software
over 60 math and approximately 10 scienne

( c

Marc*. 280 Linden Avenue, Branford, CT misfis. The catalog
lists only sample-tested products covering a range of high whool
and college topics with original publisher clearly identifie4.
Productn nolci are, for Armlet IT. Atari, PET and TRH -f0 computers

rt.114inarninTric.. 11950 I.ur1 iRn Ave.,'Dept.
144, Chatsworth. CA 91111. /211) 14f-251C Over roll math acid
ncience programs are distributed as wr,i 1 as coursewariF4or ether
topics including administrative uses.

Qpeue Inc.. 5 Chapel Hill Drive, Fairfield, CT 06417
(501) 11S-0908:. AlSo ( 000) 232-2224. Fnat4res high schoo) and
roiiege-level sottukire arranged by aublectr Inrluding life
skillc. The detail'ed annotations identify developer/proprietary
vendor of software titles.

Schola4Ittc, Inc . 904 Sylvan
07612 Th 19,12/81 catalog li
srtenre, 1ancilialv arts. social
,u computer literacy For. the
Atari.

Aveftuff rilffm, Kj.
sts ovr 1S6 ogramn in math,
studiOn, Foreign languagen. muntc.
Apple, pm, Trl-nn% TI .99/4A and

Company 1600 Fortview Road,
444-7570. Sterling swift has learning
ementary math as well as chemical

nguage prograts.

Stprltng Swift PublitIml__
Austin.,TX 78704. (512)
management coursew
engineering and Span

..ilupburst Communica.lons. Room VT16. 39 Washington Ave.,,
Pleasantville, 10570, ( 800) 411-1934. For New York state or
Canada, call collect (914) 7695010. Sunburnt has developed
programs as well as, diztributing those produced by other vendors,
It claims to have the largest selection of courseware developed -

by Minnesota Educational Computing Consortium (ARCC)
.

P^.0. Box41, Gaid(linly,-4I 48135: (Ron)
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1S4-05S0,
including
purrgiased

Diotributen Apple and Atari programs In r.everal
math and ewtimule OpPech cyntheetzpre may .110n be

Tpxas instruments 14,ca) Ti deller APP1100i-lOng Program'hotline! (ROC) 858-4565. in Trx4s: (ROOD W12-4179, The
catalog 1 1et0 programs developed bV indpendr%nt AoFtwrirt%
producers as well as those program developed by TT with full
name, addreas and phone number of those producers provlded,

V

yr,

COPY AVAILABLE

- 160 -

lttpr.e$4C


