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SCIENCE. AND MATHEMATICS SOFTWARE OPPORTUNITIES AND NEEbS

.. Robert F. Tinker
e ’ l ) l
* Technical §ducation Research Centers
V. Co CL |
& * . .

X .

) R | I. INTRODUCTION . o

. f’(ﬁ ,

- The current stdte of mathematics and science. instruction ‘in
U.S. schgols is inadequate to the needs of a'technological
society. At the same time, there are major developments underway
in the form of increasingly werful microcomputers and
sophisticated educational software. To what extent can the
opportunities created by computer technology address the needs-
that are being.uﬁcovered in school mathematics and scignce
instruction? . ;

.

! - ' - .

This questzon is the subject of the following report, a-
summary of research performed for the U.S. Department of -
Education between September 1982 and May 1983, In adgressing the.
topic, within the province of mathematics and scienc , :
instruction, we have obtaindd descriptions of most available
software, reviéwed -many published software evalliations, acquired
a8 broad selection of software, treviewed most grant-supported
software, ahd interviewed a wide .range of, tjeachers, supervisors,
.school administrators, Sjpool suppo}t personhnel, and software

.

-

‘There seems to be general agreement that instruction in mach
and science at the precollege level is im serdous “trouble in the
United States today. Ay the same time, microcomputers are being
installed in schools in record numbers._ Will these
microcomputers have a significant effect on improving math and
science educst10n7 .

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 ahd science. All

I

availdble evidénce seems to indicate that software can improve
learning, lead to greaster ach‘evement on the part of students,
improve teaching productivity, and reduce costs. As software

developers gdin more experience with educational applications and

.
-
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the available hardware, the quality and educational value of the y l
software seems to gise. Products which are entering the market :
have been' carefully developed, often with Federal funding, and -
"represent solid additions to the resources available to . ’ . l
teachers, - “ ) o

<

We feel that' the more creative software; such as . ' .
simulations, microcomputer-based laboratories and databases, have

t@e greatest potential go substantially increase the amount of

learning®that can take Place at the precollege level. Software .

of this sort can address process-oriented goals, such as .
problem~-solving and scientific thinking, as well as give students

an increased understapding of math and science topics.

4 .
- - - :

)

-

The State.of ‘the Art 5

{ : : :
hd . ( .
A surprisingly large amount of software is available for use
on microcomputers and is appropriate for math and science _ ‘
‘educational applications,RK-12. We have found that’, as of May, o
1983, there were 971 commercially-available software titles in
math and 739 in science, and that approximately 100 new titles
Were being added each month. To this must be added the large
number of public domain and locally developed software that is
available to educdators. Significantly, more than half of the
softwdre runs only on the Apple, especially in the mofe advanced y
areas of math and science where the market is thin. 4

. In spite of ‘the lafge number of titles, thereAis.farifrom |
uniform coverage of’ the math and sec fice topics that could be

faught at ‘the precollege level. Ther® is almost no elementary
science software, and many, h&sehoo’l wath topics have no sup-

¢

porting software. For insta » software in biology is dominated
by games and simulations, man¥* in ecology, and 14 titles treat

genetics. On the other hand, equally important biology topics, .
such as human Physiology and medicine, are é&ach treated by only &
one title. . - \
. N ’ , +
A , S :
Dissemination- '
- L]
. " , ‘
It was hard enough for us with Federal funding to'locatg '3 ,

most of the available math and science software; it is pdtting a
tremendous burden on local teachers to expect them to reach the, o I

same level of expertise. Not too surprisingly, we found that .
‘many teachers desperately want more information about software - ‘
and are often -unawate of software that already exists. ,Teaphers~ ; l

/“-_r ' r - - -
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fi)d out about software through many routes, but most
;mpo;tantly, through magazines and journals. '

It is often quite difficult for” schools to purchase . .
software, since there is a lack of appreciation of the importance
of Bood software, uncertainty as, to its quality, and no history
of a budget for saftware. It uai no surprise, then, that the
most popular way that dath and science teachers used .
computers involved no software at all, but rather involved .
tesching how to program in BASIC. This statistic.is probably due
in part to the fact that many math and science. instructors are’
unusually computer- iterate .and are called upon to teach computer
programming courses. Also many teachers feel that the most edu~-"

. cationallf sound way\of using the microcomputer is to have students
solve problems by doing their own programfming. t

“ L

, For teachers using software, drill and practice‘was most
popular. Seventy-five percent of the respondents used drill and °
practice software. Abouf’ two-thirds usededucational games and
computationdl tools, and about half usedsimulated labs anqaother
simulations. 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, including.-* I .
about 902 of those in mathepatics. ' o

*> . -
\ , Teachers have diffigllty integrating software into their
classroom activities, large fraction of the software”is single
topic; i.e., it is designed to explicate a narrow group of ideas
in a particular discipline or-.area. Because the set of single
topic software does mot 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 that cover a range of topics over
an extended periqqﬁ However, comprehensive packages can be even
more difficult toruse in the classroom because any given-package
may not address’ the topics the tesgher wants td cover at the
reading level and concep&.leuelfﬁgﬁﬁ‘is deemed sppropriate for
the particular classroem. The very
them difficult to review.
. t ¢ S ’ . /
The use of microcomputers /in mathematics is advanced com-
pared to its use in science. Mathematics teachersg tend to have
brought microcomputers into middle and upper schools and often
have more micrcomputers available for their use. Sc%encc teachers
may have only one or a few microcomputers accessible toO them, ‘
and thus ténd to emphasize applications such as.dgmonstrations
that require '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
’ K § *

size of these packages make
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The Software Potential

We have found it convenient to divide software into two
categories on the basis of its educational style and teaching
strategy. One style teaches . neterigl explicitly through ‘
tutorials, dialogs, or.drill and practice. This style is by far
the most popular, best represented in the available products, and
the most researched. This style is probably most effective when.
theré are a lot of facts or procedurés to be learned. Research
tends to-indicate that software in this style does léad to faster
learning and, particularly in remedial applications, better
learning. Much of the research" that supports these conclusions
is based upon mainframe computers communicating with Teletypes, a

‘mode: which is ‘much less attractive than the current generation of
.microcomwﬂter-hase&:sof:were that uses graphics¢ animation, and

quick interaction. Thus, we expecd® that explicit instructional
materials prepared today with the best software would show up
even better in terms of reduted {ime on task and increased

'The second style of software includes,a number of different
teaching strategies, all of which have the student ‘Tearh through

w

exploration or use of the computer as a problem solving tool. ,,Wer

hate termed these implicit styles, since, the material to be
taught is implicit in the software but not expounded'explic1t1y.
Examples of software ip-this style include: :

) ‘ , .
- Microworlds:,ﬁybernetic environments in which
students can explore and solve problems.

- Games in which the paterial to be learned is an '
intrinsic part of the game and must be mestered to
improve 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.

*

~—.Dat:ebeses' Large qollections of data that students .

can access.

- Tools: Software that solves specific computational
or display problems such as graphs and equation

" Yolvers.

- Computer langhages: Geneiil purpose software that

1y

~

S
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~students use to program solutions to pfoblems.

" - Simulations: Models of ?eak situations that ' )
) provide an opportunity for students to learn about

syqiems that can't be brought into.the classroom

because of cost, trme, danger, or other. reasons.

Software of thxs sort can dddress process~oriented goals,
such as problem solving and scientifiq thinking, as well as ‘-
giving students an increased understanding of math ‘amrd science
topies.: It is. difficufi to definitﬁvely establish the ‘
effectiveness of this kind of software because it is both hard to
compare with 'other approasches _and hardfito measure process,
goals. However, there is some evidencd and considerable expert
opinion that attests to the yvalue of well ~designed software of
this kind.

’

Costy Savings

Computers are, sometimes justified on the basis of their

ability to lower costs by allowing faculty to reach a larger num-

ber of students. There.is little evidence to indicate that’ this

“- is the case with present software, and little hope that savings

of these sorts will be realized in the future.in math and science
instruction. Mq@st teachers and administrators that we have
spoken to feel that the introduction’ to.computers actually makes
the teaqher s Job more complicated. While raising the quality of
the instruction; it does not follow_that this quality .can be

diluted over a larger number of students“ ‘
In certain spec1a112ed cases, cost redd{::;ns have béen
schieved. When the computer is 'used to manage already existing
self- paced programs, some clerical costs .can be reduced. When

. equipplng a new laboraxory. it may be Iess‘expensije to equiplif.-
~with lab-interfaced computers than 'to purchase the equivalent

electronic Test instruments. Finally, in certain situations
where Ahere is a lot of drill and practice required, especially
in remediation, the use of the computer can free some, staff to
make more effective use of its time.; These are the.only caseés
where we found microtomputer software could result in cost

savings. However, it is possiblé that with the next round of .

technology which will permit much more tompléx software, and
through the use of expert systems and computer-managed dialegue,
there could be much broader areas o{\cost reduction,

<
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A_New Scope and Sequence . , . - . j

' . ! -

! /~ The most signf}icant'iqpact of microcomputer software on ' /
.. education will ‘be through the changes it bath requires and makes /
* . possible in ‘the appropriste scope and sequence of topics covered |
in the school curriculunm. Hicrocompu;ers allow for less emphasis.
on certain topics currently covered in the ‘curriculum and nake . /
possible the introduction of new ideas and new topics which pre= /
‘viously were not covered at & particular-grade leve N There can
be much less emphasis on arithmetic computations an§ 4n rotg
memorization. \Pﬁ;nc 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 linke ‘with geometry,. can be ﬂ/
introduced in another context, making geometry .itself more access-
ible. Numerical techniques that are used to solve differential /A
equations can be introduced jas soon as students have completed /
the equivalent of a first?fgar course in algebra, long before -l
they know what a derivative is. > . /

~ In the space created by these chanées. a8 number of / ' /

/
additional tgpics can be covered. The empirical basis of mucv’éf
high school gcience can be introduced in the fourth, /
grade with m crocomputer-base3€§aboratcries. High school -

., Students can solve college-le problems using numerical / _ e
#echniques. 'Students can be introduced through the computer to
'psycholqu, physiology, perteption, nutritiog, health, ‘ . )

oceanography eophysics, and many other topics., Little is known
about the ap rgpriate educational levels for the introduction of

some of these ideas through the computer, Some anecdotal

evidence indicates that well-designed software hgs the ability to

make some very. abstraet 1deas'quite-concretg.gnd accessible at”

much earlier stages of intellectual development than was ever 4 o
i Previously thought possible. / ‘ '

. "1‘ ’? . . - ‘ \

Reoohmehdatigns | ' - / : .

- : . s

' ;
’ B Microcomputer harddare, together with appropriate software,
has the potential of making a ma jor impact on math and science
instruction ;& the United States. However, this will not happen
- automaticallyé but rather requires sustained major commitment at

the federal,.gtate, and local levels to insure that this

potential is turned into a reality, .
v- - P - /.
;’I. B v ' - . a ' ’ '
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Téacher Training ' : '

] l
.
“

The highest priority area is in teacher training, both
‘pre-service and inservice. T®achers .have to pick up a whole new
set of skills to use the computer and to select appropriase
software, but more ismportantly, 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 microcolmputers. This
“implies that every math and science teacher and every elementary
. teacher needs to be reached, not once, but-.several times through
in service training, workshops, summer -institutes, conferences,
or TV courses. Because of the caost of such a8 massive . mount of
"~ in service training, most of it will have to be borne the local
‘school districts through workshops and training provided by local
resource people. However, there is a tremendous needs to prepare
materials for theSe resource people, to train.the trainers, and to” -
provide them with state-of-the-art materials. At the same time,

" we should explore the utility of a technology-based teacher

“

training mechenism such ‘as cable TV and videodisks. A similar
effort should be applied to the pre-service triining 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 . ' g p
* ‘ . L. N

While there are a large number of software,titles being
produced, there is a need for much more software, particularly
programs that focus on problem-solving skills and allow students
teo .undertake their own investigations. Thegre is a particular
need for major funding that underwrites creative but high-risk
developments for the long ‘term. Logo would not have been

developed by a commercial vendor in today's market. It requiréd 'J

. massive Federal assistance and long-term support., It seens

, Teasonable to expect that there are okher equally important ideas
that await comparable funding for their development and
exploitation. We do view the current commercial market for
educatidMal software to be quite healthy and able to produce
crejtive, 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 informationm about software that is
disseminated to software ‘users. C .

[ ’ ’

\ . . 4
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There is a particular need to develop new softwardP in math ©os

and science'thét‘is designeg for special populations, such as '
Spanish-speaking, physically disabled, and learning disabled
students, .

Software Imglementation : T - ?:‘ .
) ,' . l ‘l‘ *‘

All the software in the world is of no- use unless it iy

actually used in the classroom. Schools should budget for ®

software and should provide sufficient hardware sgfthbt all

students can augment their math and science instr ctiop through

the use of computer software., Schools can increase the impact of

software by coor inating the schoolroom use with the co puters

that are or soon will be available in most homes. This

connection cag be made hy héving.qhe h;hool support group

purchases of hardware ‘and software, by establishing a software

cifculating library, and by loaning or renting hardware to homes
tﬁ?t do .not own appropriate computers. ‘ ‘

o

Many teachers report that it is not easy to incorporate
microcomputer software into their curriculum, They need- 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. e

J

y #

Research

There is an urgent need for research on computer-~pediated
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,
what learner characteristics are necessary for its ‘ :
effectiveness. Research is needed on exactly -how radical a .
departure from the traditional math and science currifula is
possible with microcomputers. Finally, it is of utmost .
importance to research how equitably microctmputer software is
beifig made available to all members of g}:*society.

, )
\\_/*\_ | . ,
\ _ <

o
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. _—
Thg»goal of this study was-ro analyze the_meeds in science

and math education and to see what the sppropriate microcomputer

responses might be to those needs. Neither the time nor

resources available permi:ted a statistical sampling approach to

these 'issue’s. ,
Our apbroach was formative and primarily quaslitative. O
information came from experts in the area and from school-based"
users of microcomputers. In locating interviewvees we strdove for
breadth in terms of geography, computer experience, educational
level, and educational role. e '

S o«

o " B. Methodology

wé began with a literature search and an anélysis’of
available software. We then assembled software reviews “and
surveyed a large nunmber of practitioners. Our work was
augmented by expert consultants and an able advisory board. '
f {ﬁ‘ ’ |

A L . 12

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 ahd
'‘Resources in Education @nd from a search of the RICE and SPIF
databases. The bibliographies in these sources often led us to

b
N

*r
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mo}e maferial. and outr search continued throﬁ out the term of
the project. A Eomplete bibliography of pertinent references

« @ppears at the %end of-this-report.

.x
Kl

Software Search.

- ® -

. -

s .
- L

- o<' ‘ s )
Over 600 counercial‘vnkuor.names were drawn from the TERC~-

Dresden Associates joint publication, the Software Finder '
(Haven, 1983) and the directory, Microcom ters in Education:
A Resource Handbook (Woodruff, 1982). Others were identified in

citations in articles and reviews,

advertisements- and brochures.

Of the 719 companies contacted-b§ mail, 160 respordents did pro-
duc} math and Science microcomputer software, 34 did not’have .

relevant software, and 425 did not reply at al1. a complete list
of yendors supply#ng math and science software is included in the

Appendix. N

" In order to locate non-commercial sohrces.of-softwq(q,

grantees from the Nationmal Science

» L.J

’

Foundation, the Minority

Institﬁ&ions Séiencg improvement Program, the Apple Education
Foundationy, and the ‘Atari Institute were contacted by mail and
encouraged to report on thwir Projects. We learned of over” 60

grant-supported software programs,

many still -upder development

or without a distributor. We established a card file with des-
- criptive information on these gisgrams, including expected com-

Pletion date if known.

-

Thase software data were assembled into an electronie ¥

database we call the Electric Software Finder (ESF). This | ’

database is written in dBASE II and
system with dual 8" disks. Remote
possible during the Project. All 4
31, 1983. b

Out of the hundreds of softwar
number &f programs seemed innovativ
examination. In response to qur wr

" for viewing over 100 software progr

runs under CP/M on an S-100
access to this database was
ata are current as of. Mays

e descriptions received, a-
e enough.to warrant closer
itten requests we received
ams from 13 vendors. .
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Reviews and Evaluations

reviews indexed in the Hinter 1982 issue of School Microware .
" Reviews (Haven, 1982) nd covering the period I§7§—I§§2 are on

-

h 4

We bave assemble @ an exhaustive collection of review and
evaluation materials.,' Five: hundred math ‘and. science software

4

file. The RICE databds '1979-May 1983, and the Microcomputer ’
Index 1981-1983, were searched and printouts made- of all math and
science software review entries.

~ . - - &

Networking
ra
Twenty-three professional groups were contacted by mail.
The-associations selected have natiomal constituencies and
provide support for their members through meetings, journals, and
newsletters. To ernsure thePcurrency of our selections in'the

rapidly expanding educational computing field, the Encvclopedia
of Associations, 17th Editiom (Gale Resgarch, 1983), was consuited

for new organizations not yet known to us. /
k -
N u
. . . . e -
, : L W ,
Survey . : ' .

- ), ‘v.‘
s N
In order to assess the stete of. the art, interviews ‘were
conducted with 70 developers, teachers, and administrators
associated with the production, dissemination, or use of

mathematics or science software. Interviews were based on

- questionnaires tailored to each category of software user.

Sessions charactéristically ran 40 minutes to an hour. We
contacted urban, inner city, uburban. and rural school
personnel. o . ‘ "

o
-

One hundred sixty developers and school- related personnel
involved in math and science projects were selected from the

Microcomputer Directory: Applicat¥ons in Educational Settings
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( Gutman, 1982). These people were surveyed through mailed
questionnaires. Two regional groups - EDCO in Massachusetts and
the Regional Education Media Centers of Michigan' - distributed .
questionnaires to, their members. The respondents were selected
to include policy makers, administrators, and teachers amd to
represent various levels of experience wth microcomputers, a
range of grade levels, and different social settings from’
communities throughout qﬁe U.S. Table II-1 lists the number of
respondents -in each of these categories. Questions approprigte
for individuals in each cell were developed. Table II-2 contains
aggregate data from Table II-1, showing the oyerall-balance
amony  various categories. These statistics do not ‘reveal the

~

geographic spread of respondents,who ranged from Cambridge, Mass. .

to Joshua Tree, California,” from Maple City, Michigan to .Austin,:-
Texas. Of the 217 respondents, 188 were from outside
Massachusetts, 174 were outside New England, and 67 were wegt of
the Mississippi. ’ X

. -Two roundtable discussioms held at North Carolina State
University broyght togetlier area users and developers of math and
-science software as well as people attending a TERC workshop
being held at the University. A description of this project and
questionpaires were mailed to invited participants prior to the
meetings and formed @ useful focus for the lively and informative
discussions, : : ‘ ' '
v A cross-section of software developers was also surveyed by
telephone. The characteristics’ of this group are sumdarized in
Table II-3. - * .l

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

-t

!
L4
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Advisory Board Meetings

i
Two meetings were held with the Project Advisory Bpard
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. .

‘:;



[
Agvisory Board:nembers
. Stacey Bressler
- Educational Speciallst
. - +  Apple Computer, Inc.
Alan Cromer -
N President ‘ ) .
EduTec, Inc. - . :
. “ ‘
.- : - Robert C Rayden .
‘ Special Assistant to the Superintendent
Boston, MA Public¢ Schools
- s Carolee Matsumoto’ | i ‘
L : _ - Asst. Superintendent for. Curriculum, & Instruction
) Concord, MA Public Schools , .‘*
Richard Riley . 2 - . .
A Educational Computer Consultant
o Maine Dept. of Education & Cultural‘Services
R ¢
Judah Schwagtz ® )
’ - Professor’ of Engineering Science & Education
Massachusetts Institute of Technoloqy
P
. ' .
T '~ -7 Thomas L. Sears a - g '
. .. T General Mangger ' ' o -
. ) ] * Compress - ' ’/f
. A .
S e o

The NovedSe: 22-23, 1982 meeting .of the Advisory Board

sy

v and scope of the survey and recommeﬂﬁing a more specific analykis
of currently avazlable‘%o:tware. The ‘April 21, 198\, meqting
£0cused on the ‘procedures, p:bducts, and recommendations that
flowed from the survey res Lti.? The group diqpus d ,the con-
clusions and recommepndat ons as they would best ap §§ in thi
report. /} . : .

¥ R ) ,' ‘ /i .?

Consultants ’ ’ : " .

.
¢

The project profited enormously from a group of consultafids,
listed below, who assisted in different ways.’ For example, Bob
Haven assembled software .reviews, supplied a 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 wholefin the Appendix.

14 ~

- 13 -

Q - 16




In this réﬁdrt we refer to mathematics and science exclu-

sively.

disciplines are excluded. All
sthool staff, and vendors concerped with math and science instruc-~

tion.

torthe math/science part of the educational microcomputer ¥field.

T

All other uses of computers, such as compuker science,
lanaguage instruction, and insgguctional assistance in other °

s,

Consultants . , .

Robert” Haven
Managing Director
Dresden Asbociates

* ~

k3

Hal Peters , -

Director ' . L™ :

GpDUIT - - - ' .
. . . ~

Adeline Naiman . '

Director ‘ v ,

—~HRM Software

Karl Zinn v

Research Scientist

CQQFer for -Reseagycgh on
3 .

University of Michigan
. : v

~
C. Restriction to Mathematics and Science
. N . .

nterviews were with teachers,

‘our comclusions and recommendations refer exclusively

y

’

d
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-Table II-1 Survey Reépondents by Category

¢ [}

. ) . ‘ - " . ‘, A
TEACHERS ' . . : c
L 1 Experienced (2+ yrs) - __Inexperiénced (0-2 yrs) :
“Grade Level | Elementary] _Secondary l(-12==___JME1ementa_rg_4 Secondary K-12 'Tota]{
__Subjéct [ M/S| MI_STH/S| W] S [W/S SIWS| W] S WS WIS /STHTS 7
T : . , _
—E ¢ 1 of of of 1{ofolz]3]lz]ol1]of1]o]olo]o. “10
« L 0 3 _ 1 ) B
EN U|loO0]o|l1lo]j1{ojojojfojojojofofjo|2{0]0]oO “4
PT y
WA _s13jojo] r{1jaloajojoftriofjtrtf{fof3jojojolil 24
“«.0°C, - = , ‘
T R 11310y 0Oy 0}]1} 13010} 2;0}0O0 ] 023000 14w
E ' ' :
‘.‘-_X SR SN U, _4L-v,"_ . ; AN
c 1§o0 ol 1l2{2}l1L1jolojoloflt]lr]lojo}1]1 11
‘M0 . .
AN U 1100y 3}/ 612}3|6|]2j0]0]J0}313|0]O0jO0]O0F} 29
1'71 ‘ ‘ '
L A S 4121013816521 0]1)0}072]514]0/3]1 46
C . .
T R 3./]0|] 0] 4a18i6|3!0]0] 1] 10]a)5|3|]514]0 47
N Totals [ 12 J5 T[Tz ]z [2n 3 | 5[ 7 T | Z]10]20 (21 58 [3 [ 188
COMPUTER RESOURCE PERSONNEL , .
.. | Elementary | Secordary | K-12 /.F
1T | 1 1 : 2
u . 0 4 2
S 3 6 3 ~ 27 Respondees whose subject matter-was‘
computers, Not separated by phone and .
R 3 2 0o - mail, : ‘
;. P - 3 SRR S \.. : - -
Codes lised: I = Inner City M/S = Math and Science
l = Urban M = Nath
S = Suburban- ' © S = Science , .
= Computer Sciences or Computer Resources

R+ Rural ¢

“
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. Grade Level 'E1ementazy Secondary K-12

X

Table II-2 Summary of Respondenté .
- I '

}

subject WS M_S WS M SM/SM S Totals
(Imercity © 2 0 Y "2 5 2144 2

_ Urban 1 0 1 610 4362 33

Suburban - . 9 2 1 6 17 23'5 52 70

Rural 7 4 0 .8 1513 9 4.0, - 60 c -

SO

Totals . . 19 6 3 22 47 421819 8 184"
- Computer Resource Personnei: 27
SEA Personnel: 6

Jotal Respondees: 217

A

Number of Respondees by Geographical Distribution:

Massachusetts , N 29 )
New England (including Massachusetts) 43
East (excluding New England) 107 ~J
West of Mississippi b7 | - ‘; y
. . .
/
* .
~ L
{
- .
/ Y
. \
- '\‘.\ ‘ //‘
\ -
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Table I1 -3 ~
Characteristicé of Developers Interviewed .
. » T ’ "’
SIZE1 'lOCATIONZ ' SUBJECT STYLé/  MICROCOMPUTER - =~ *
N smaff_ | SE math tutOrial; drill & practice Apple.
. { - . -
“small NE math drill. & practice™ Commodore
) - : .- ' R (-
small NE science tutorial, dril1 & practice TRS-80
small SE - ma. & sc. ~ test generator’ TRS-80 . K
medium W ma th ~ game, tutorial Apple ‘
medium W math tutorial, drill &.practice Apple, Atari,
' ‘ ' Commodore, IBM
med i um " ma th drill & practice Apple, Atari,
e . Commodore,* T1, TRS-BO
¥ ~ S k
medium . W . math tutorial Apple, Commodore, .
o TRS-84 |
medium . NE science tutorial, simulations . Apple
medium MW . ma. & sc. game, tutorial, Apple,etommodorqh
: : dri11'&,practice T1, TRS-80
med1um K ma. & sc..  tutorial, drill & practice Apple
large Mw math.' R totoria],'ﬁ}i11 & practice ’Appie.-Atari
large SW science | simﬁ1ations Apple . .
: | ' (
1. Size | i . )
small - home business l )
medium - national distribution C
large - major national publisher
2. Location, )
SE - Southeast ‘ '
NE - Northeast ‘ ‘ .
W - West _
Mi - Midwest
SW - Southwest
. <
- 17 - '
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: . : III. SURVEY OF NEEDS

‘ | e pustxxeqeuﬁgr;thlt edJcati&qal software should be

.. introduced not becaus® it exists, but becadse it fills real
needs. Therefore, we must ‘begin our analysis by reviewing and
systematizing those needs. '

'
- ¢

. G

»

A. Needs: From the Experts

-

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

L

- 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
instructional time, equipment, and facilitijes....
-(Natidnal Science Board, Commission on Precollege
Education in Mathematics, Science and Technology,

Today's Problems, Tomorrow's Crises, October,
1582;

13

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

N, ' ’
- Improved preservice and in-service teacher

- 18 -
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education was given top- prLbrity....Prosgem

.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 ﬁathematics, 1981) ) :
. ]

v

B. s; Fro

We asked people in the s£;ZZIS to articulate their major
needs in math and science other than those needs directly related .
to microcomputers. -Many of the responses indicated needs tha;
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

b . . .

of materials and gurriculum development. Needs 12/%hls area
included individualized materials (15 times), probBlem-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).

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 thdt many topics in both the math and the
science curricula are either outdated, irfelevant or have no
activities planned to demonstrate the applicability of abstract
concepts. .

~ ‘ . - ¢

The expressed concern for individualized inktruction is
noteworthy, Teachers feel ynable to meet the mafly and diverse
needs of their students. They especially need materials that are
interesting and Televant to the older students whose conceptusal

'sby}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.

f

The most cited need (274 times) was for more teachers who are
certified and gqualified 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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téachers so ?“ey Jould'be transferred to math or science
n all} 36 of the 172 respondents (21%) mentioned™

positions.
- training as E ma jof. negd.
: \ i

The need!| for incjgase&
only 12 respon ents|

for curriculum devejopment; (
‘'whtich would be met by intrg

N

\

budgets was mentioned explicitly by

thers did cite needing increased lab space

6 responses) ese are all .needs

(8 responses),\mode n ‘ échipment (10 resgg:ses), and more time

" number-citing 'budge arﬂ;r d

respondents. , :

. Both teac ers a d |dsiin
‘stat Qrscien& ‘instru n
\elembntdry teachers Ravel\got
‘training' in science and md¥st
ither s¢ience gaboratoriis
the classroom t;qchers feel
little a:tention is paid to
,children are "natural’ sci n
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istrators expressed concern for the
in the elementary schools. Most
received adequate preservice
elementary schoolscgg not have
or science specialist As a result
inadequate to the task and wvery
science at the age level when -
ists." The other concern is that
name of science alienates the
! choose science courses when they get
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and secowdary .level there was a 'need
es. Four respondents (2%) stated
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. ‘ IV. THE STATE OF THE ART\, = ¥ -

*

We made s major effort in the SAMSON Project to find out
what ‘'software was available and used in the srea of math and
science. We attacked this problem from -both the developer's\and
the user's perspective. Our analysis follows the software from
its development through its use, and asks how it is developed, ~
how much of it is available, huw it is reviewed and evaluated, . )
how teachers find and acquire it, and how they actually use it in

the classroom.
¢ v

A. Software Déielgpménf

Cbmmercial Development v | _ ' ' .

LY

There is & significant amount of .educatiopal software being
produced for math and science in spite of the telatively 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 prodiuct that could be used
in math or sé¢ience 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 expense
involved in bringing a product to market. We.were nof able to
evaluate products from all .of these developers,_ and thus we
cannot say . with certainty that theré are 160 vendors pffering

.available software.

We estimate that there are 100 pieces of new math and science

,noftware beéing developed each month at the present'time. This is

a very approximate estimate, based upon the number of titles in the
Software Findefr and School ‘Microware Directory over time, combined

with our finding that the latter directory covered approximately _
twosthirds of the available products. The number of math and science
t .cles in this directory seems to be growing_exponentiafly, with a
doubling time of slightly under two years. That means Lthat two

Years ago there were & little less than half as many titles in the

i

>
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math and scienle areas, and the_¥ate of production was a little
less than half the current fate. If historical trends hold, that
means that thefe will be approximately 225 new titles a month in
math and science by May of 1985. . .. \

| These statistics on the rate of producsion can be somewhat’
sisleading, since they lusp together large packages under a
s*ngle'title with very small, single-concept programs. For the
purposes of this study, a title available on two or more
computers countpd as only one title:. On the other hand%4 closely
similar software packages with different titles which cdme from
. different vendors did get counted as separate packages. These v
methodological issues aside, the 100 per month number seems
reasonable, based on the number of developers. No developer is
content with @ static catalog..  Most want to add a number of -
titles every year. Thus, the erowéh of offerings combined with 8

reasonable growth in the numbe of vendors would certainly lead .
to an increase on the order of 100 new titles a month. - o
) . ‘ : ’ ,
. !
Production Costs . T :
. a ; ' - .

a—— annm— m—— amnn s ¢ e S ]
.

Cost data agxe difficult to obtain becausé of the natural
disinclination of commercial publishers to reveal sensitive S
information. However, it may safely be said that quality
software is extremely expens§VB~qO produce. In order to get an
idea of software costs, we have to do it on a case-by-case ‘ “
basis. This sort of information can be very misleading, for a
number of reason®. First of all, the software cobts 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 conceptualization, testing, and
the development oﬁ'genqral-pﬁrpose software tools. This might result i
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. On  the 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 in. the
publisher spending a like sum to produce.

~e



~ One of the major problems facing educators and nroducer?-is
the wide variety of_microcplputers.pvailable and the expense and
difficulty of producing softwarp for each of these variants.

-

, While it islﬁossible to write ftware that can run on a vyariety

L

“of different machines, s «number of practital and economic factors

have made this very uncommon in education. In order to run the
same software on many machines, there is inevitably a sacrifice,
in the performance of the software, particularly in the
sophistication of the graphjcs and the speed of its execution.
In addition, there are ecqnomic disincéntives for the @ °
manufacturers: they want to encourage development of software that
only runis on their hardware. Ly - - .
However, this transportability problem is not as muth 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 complex.- 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. 6 Thus, reprogramming the
application to run on a different machine is not nearly as
expensive as bringilng out a,product in the first place.  Two
developers repqrted that th%é involved one-guartet of the cost of

produc{yg'gpe iginal product. ® - ) .
) < ' ’
’ ) N
. . ™~
Software Pricing . , ' -~
- \

Software is most often priced in the $10-25 range, although
significant amounts 0f software are priced up to $100. (See Figure IV
1.) There is a slight difference between mgth and science |
pricing, with relatively more higher priced science software. The -’
detailed breakdown by grade, Figure IV-1 and Tables IV-1 and 1IV-2,

reveals a slight but significant trend toward higher price at higher °
grades, especially in science.

~
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. Figure IU-lt Softuaﬁe Costs
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Fﬁgure IV-1 Summary of SOftgpre Costs
The entries represent numbers of titles.
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& = Piracy < S -,

- BRI . . )
- , Software pitacy is a major problem. for commercial software
‘ deveprers and distributors. Electronic Learning reported the
. . results of a survey of 15 producers .in which it found copying was
‘ " the fumber one problem reported bnyhese producers. Copying was ,
N seen as hurting:revenues, quality, and price. It is interesting {
‘ . to note that the Minnesota Educational Computing.Consortium .o
(MECC) has recently altered its three-year program -.of giving
licensees unlimited copyiag rights.‘. It found that this
produces an atmosphere that condones copying and that licensees
do not respect either MECC's-legal rights nor those of other : :
v spftware producers. MECC henceforth will produce copy~protected : l
software which will be available.to licensees at approximately A .
the cost of a disk, but 4t will also aggressively protect its
ights, under the license agreements and punish un%uthOrized

-

N copying
' Hany commerciai developérs feel that educators will, as a ‘
matter of course, produce unauthorized copies. While we have .7 .
. L. - - . N
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Topic

Chemistry
Chemistry
Chemistry

ke %——

- All Topics ‘
(Acid-Base. Chemistry)
(Atomic Struct. and the

Periodic Table)

- Chemistry -

Chemistry

Cheaistry

Cheaistry
Chemistry

stry

Chemistry

Chemistry
Chemigtry

Chemistry -

Chentstry
Physica
Physics
~ Physics
~ Physics
- Physics
Physics
Physics ,
Physics
Physica
Physics
Physics
Astronomy

Basic Skills

Biology

(Chemical Composition)

. (Compounds and' Formulas)
(Miscellaneous) :
(Nucleonics)
(Reactions/Equilibria)
(Organic Chemistry)
(Solutions) '
(States of Matter)
(Stoichiometry)

) fﬂultiple Topics)

(No Topic)

-~ A1l Topics

(Electricity)

(Heat) '

(Light) ‘ -

(Mechanics) ) .

(Nucleay Physics)

(Relativity)

(Sound)

(WVaves) .

(Multiple Topics)

(No Topic)

\ ‘ .

Earth Science
Bcology/ﬁnvironnento
General Science

Geology

Multiple Subjects -- Science «"

Natural H

istory

Physical Sciences
Technotogy Education

—

.

<

Table IV-1}I

" BEST COPY AVAILABLE

No.Titles - D§P

- o

1
18
3

6
22
6
3
25
15
10
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If the inNtial software offerings are accepted and purchased, théz;,h

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 whéther they can recover their development costs in the
educational markét. They either go into other kinds of software
development, or raise their prices so that they can Iecover this
cost quickly before illegal copying eliminates the market.

We are not aware of any~runderground network ‘that distributes-
unaguthorized educational software in a wholesale manner. - Whether
or not software piracy is, in reality, an importan't factor, the
fear of it is real and has the clear. effect of inhibiting
production and dissemination, limiting innovatton, and driving up
prices. It limits the amount of capital and time developers aré--
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 quicklf by raising the
price. v

' K
‘ ‘ “ '
The Development Process
?
Many of the developers of educatf’ial software arggegxxemely
small companies, often a single individual who is at the same

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 situatiens.

This sort of configuration provides a very efficient, :
overhead means gf generating and disseminating software. The
inal teacher did not need an extensive classroom test ’

‘methodology; the‘software grew out of classroom needs and was

continually used and .tested by typical students. The company
overhead is extremely low, being run on spare time out of the

home. JDissemination is simple. since the teacher usually has
profegsional contacts. By giving talks, or by dfstributing a ,
Xerox sheet, or through a dongted workshop, this: person can /
easily reach a number of colleagues who might ba#¥.the software. J

teacher often produces similar material on related topics. In
this way, an individual might devel®p a number of titles of
similar form and substance, This product line specialization
helps the small vendor inexpensively develop brand identification
and product loyalty. .
Most commercial software has been written by a single
individual -on a royalty basis withput advance. Typical royalties

paid currently range between 10 and 20% of sale ipcome. Of . . .
coursp, the large number of wery small vendors represents the - -~ -«
attempt on the part of individual authors to avoid this low j
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;fqpercentage by attempting to handle all of the adverf;sing, sales,

-

and distribution,
[

L

A
‘ .
The Home.Market © to. .

There is great commercial interest currently in developing
proddcts for the howe educstional market. There is a growing
understanding that many microcompater buyers have some
educational objective in purchasing their hardware. There is
glso the lure bf a two~billion houséhold 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 the possibility of glacing their
software in read-only ‘memory cartridges, which are relatively
safe from unautharized copying, at least by amateurs.

It seemsﬁ;QQt;:g:,least in some cases, software market;% for
the home can be sugt¥Rsfully used in, the ‘school environment. The
converse is rarely \the'.case. Very few educational products aimed
at the schools aré markgted for home use, This property of the
market has led mamy. publishers to focus educational software on
the home market and: then extend the marketing effort into the
schools. S

L]

-~ -

The Role of Granf Support .- T

1

It is surprising how many commercial seoftware 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 the Huntington I and
II simulation projects, which have inspired ddozens of

‘microcomputer implementations of their simulations. ‘The "PLATD

Project at the University of Illinois is responsible for the
initial development of Stan Spith's organic chemistry and general
chemistry courses, of Darts, 8 popular estimation game that is
available in many forms, and of a large number of elementary
mathematics programs. National Science Foundation (NSF) fumiing
to CONDUIT was responsible for the production and dissemination of
a large amount ofrfeacherdbriginated software which has now been
made available on microcomputers. More recent NSF and Apple
Foundation funding has been responsible for the initial develop-
ment of such products as Rocky's Boots, Discovezx;bea:ninf in Txi-
gonometry, Algebra Drill and Practice, and many, many more titles.
Alan Cromer, an Advisory Board member, acquired some Apples for his
undergraduate physics laboratory through an In tutional Scienti-
fic Equipment Program '(ISEP) grant. q{f conditidn of the grant

- 27 -
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‘'required him to write some software, and this led to the formation
‘'of a new company, EduTech, that has now grown into an important
supplier of educational software. '

There is some evidence to indicate that there are . '
significant new software projects developed wvith fGpding support
that will result in products reaching the mafket within the next
12 months. In part, these projectsfégre_funded by the - Navtional
Science Foundation, Education Directorate (prior to’ its’
reorganization and downgrading to an office), and by the Apple

* Foundation. Other promising new software is based on substantial
private funding. ) B : T

L
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.School-Generated Software | )

\ ' )
v .
";>' In addition to commercial software, which 95% of respondents

use, non-commercial software is also important in schools. Three
‘quarters of res dents use software generated by their school
faculty or students. .In some schools this is the only source of
applications software. "This is especially true when the
computers used have only limited graphics and use cassette tapes
for storage, since under these circumstanceggthe performance of
much of the commercial software can be duplicated by beginning
programmers. In some cases, advanced programming classes in a

/" school actually Solicit educational p?ogramhing projects from

other teaghers and use advanced students to develop educational
software/with faculty supervision. This provides worthwhile
programming projects, helps create a sense of community within
the school, and fosters the development of new relationships
between students and teachers, >

Ck ¢ ' )
£ -
Pyblic Domain Software
~

. Another major source of new soft%&re is public domain
softvare distributed through journals or swapped by clubs,
dedicated individuals, in-service ¢rainers, and special
projects. Ope-half of respondents reported using software(from
one of these¢ sources.

One of the most active educational public domain projects is
Softswap, operated by the Computer Using Educators (CUE)
(Lathrop, 1983). They offer over 200 titles on 65 disks for 7
different microcomputers, including a 33-disk authoring systenm
called BLOCKS. Anyone can copy the programs at the CUE
Microcomputer anter’or at éouqty school offices throughout \\

\
- 28 - :}1

r



~ .
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 pdrt of the
collection being of interest to educators. CompuServe, a
public-access database utility, has the ability to 8ccept

Bload) and transmit (dowpload) microcomputer software which is
d to swap short educational programs.

The problem with all of these publlc domain sources
quality. Some programs may be excellent, others may noﬂ,run,
‘..lothers 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 domain software is Project Seraphim
(Moore, 1983). This NSF-sponsored project collects chemistry
software,. evaluates it, and makes it advailable with documentation
.for $4 per disk. Most computer magazines also publish public
.domain programs, usually with good documentation. Notable in
this regard is Dr. Dobbs' Jeournal, which has been giving away
significant software almost since microcomputers were first
commercially available.

H

Low-Cost Software
2

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

The Minnesota Educational Computing Consortium (MECC) was
the software source most often cited ‘by our respondents. MECC
originally distributed teacher-generated software, but now
employs professional programmers to develgp new software and
translate MECC software to other machines. MECC has an
institutiodl membership plan whereby a school or group of
schools is licensed 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. ' ‘ o

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),

-2 -39




\

- .

it$ primary mission was to enhance Atari computer sales by
pudlishing user-contributed software. Programs are sold with
reasonable documentation in the $20-$50 range with the developer
receiving a royalty and retaining copyright. . A wilde range of
‘software is available including explicitly educational titles and
others, like graphing utilities, of educational significance..
Pascal, Forth, and a sophisticated symbolic algebra/calculds
pa;kase are all available at surprisingly low cost through the
APX. C .

i

. -

Non-Commercial Software

A great deal of software is developed by non-commercial
sources. Individual teachers, advanced programming classes,
fdistricts, 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--sometimgs quite narrow--
which is n&}_being met through other software.

[ 2

[ ‘ 3

°Authoringfslstems N

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 gysEems 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. :

~
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- B. Availability , |

-

« Quantity

A substantisl amoynt 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 sepsrate software
titles in mathematics and 739 in science. We estimate that this
represents approximately one-fourth and one-sixth, respectively,
of all commercial software. Most of these titles cover single
topics, although a few are large, comprehensive packages that '
cover one or more years of 8 curriculum.

While the total of 1,713 titles ggems like'a/Iarge number,

if they were uniformly divided between math and science, among

“five microcompyters, and among the grades there would be fewer

than 15 topics covered per course-on any one computer. In fact,

the cdveragé is anything but uniform,” with great concentrations
+ of software for certain microconputers in some topic areas and

a complete lack of.software for other miqsocomputers and other ..

topics. ‘ .

Grade Distribution

The grade distributiog is quite different for math as
cJ;pared to science, as shown in Figure IV-2 and Table IV-3,

P L]
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MFiogure IU-2: Software by Grade
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; Figure IV-2 Software Titles by Grade -* -

Math 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 (89%) titles that apply to at least one of the grades K-8,

while there are. only 415 (49%) for grades 9-12 and only 47 (5%2)
for college level, :
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Science software, on the other .hand,

at the high school level. is highly concentrated

The largest number of 3 -

a?le at the twelfth grade; the number increases gﬁigiziljsf:::il

K}ndcrgarten to grade 12, but drops off sharply at the college

| level. There are a total of only 216 (29%) tifles that apply to

at least one of the grades X-8, while 703 (95%) can be used in one
of the grades from 9 through 12. A far largexr proportion of science

software (28%) than math software (5%
level. « (5%) applies to the college
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* Table IV~3 Software Titles by Grade Leyel

Grade Level

A P

Kindergarten
First CGrade " -

“Second Grade ‘

- Third Grade L
Fourth Grade
Fifth Grade
Sixth Grade
Seventh Grade
Eightl Grade
Ninth Grade)’
Tenth Grade :
Eleventh Grade
Twelfth Grade
Kindergarten to Eighth Grade
High School
College:

-~

N

Science

0
N
15
29
32
47
70
112
188 .
304
406
620
638
216
703
“ 206

36

" Math

-

- 110

232
330
394
502
492
535 ,
412
443
352
301
226
211
863
415 |
41’

Total

_ 110
239
345
423

534

339
\‘ 605

524
631
656
707
846
. 849

1079
1118
253
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The breakdown of’ software ltitles by’ c
Figure IV-3 gnd Tables IV-4 and ,IV-5. In

Apple commands a significant lead,. hav [ versiéns of 55% of all

math and 78% of all science software tifl

| \
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. Figure 1IV-3 Software Tiths b Computer B

The PET and TRS 80 computers are each éecon with agout AOZ of
science and 372 of math titles. There ‘does 'not seem to. be a
significant shift in these percentages with ﬁrade level for
either math or science.. : ~
\

These percentages exceed 1002 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%) titles, are only

on one machine, 366 (23%) run on two and 355 (222) run\on three
or more.
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Table IV~-4 Science Software by Computer and Grade

GRADE LEVEL
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- . - . Table IV-5 »ath Softwhare by Computer and Grade .
. - Cmg‘ | misane <~ Nou Titles K173 ge-g—gt 3 g g 10 11 12 ¢ .
Vi m- L™ : Wm—-’u- s Mh- nnuum--mm.mmm-— -n-aud-n-m-nm-
’ . Apple ¥ : . 537 46 105 153 179 264 258 294 237 274 225 1% 138 11 36
Atari . 156 4 43 61 70 M 67 68 64 62 46 43 39 51 18
L cal - . 4 52 2 2 6 6 14. 16 20 18 35 133 4 32 9 o
oy P/ . \ > 3 o 1 1 1 1 1 . 3 3 73 3 3- 3 ¢~
E ‘ Commodore 64 = - . 3 2. 2 2 1 1 1 1 0 o0 o0 .0 o o o
: ‘Exidy Sorcerer = S, ' ' 0 0 ¢ 0 o0 o0 o o g .0 ® 0" 0o o o
" ' I PC ‘ ,, v 14 6 0 0 0 o0 o 1.1 3 3 1 1 14 13
 w KIN P ) / 0 © 0 o0 o9 0 0o o e o o o o o0 o
.o Mattell » ‘ 0 @ 0 0 o © 0o o o0 ¢ o 3 0 0 o
\ ' Monros Ec8S00 , ( 1 0-'0 0 0 0. 0 o o0 o0 1 ‘T 1 o
' wEC . S 1 0 0 o o o o 1 1 .1 1 i 1 1 o
North Star . . 0 © 6° 0 0o o o 0 o ‘0 o' o o 0o o
"Ohio Scientific o 0 9 © o0 o 0 "0 o0 o0 o g . © 0 o o ‘
-’ . PEY 2 o , 163 = 29 .67 90 123 197 207 242 173 186 126104 61 48 14
o * SWTP . N . 0 0 0 o0 o o0 o 0o B o0 o o o 0. o
oo - sm ‘ 0 © 0 o0 o e o o 0 o0 o o 0 0 o
- . TI-49/4 20 5 8 9 13 9 7 30 ¢ g o 0 e o o
K " TRS=00 ‘ 364 35 63 94 125 179 193 236 210 208 1%9 122 77 88 312
. TRS-80 Color Computer 23 5 9 11 17 16 4 12 8 7 5 4 2 2 1
« Terak 8510 . - : 3 9 0 0 0 0 o o 3 3 3 o o 0 o
N *VIC S . ‘ 59 T3 1025 37 51 a4 41 18 16 4 3 r r 9
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Figure Iv-f Boﬁtwarc;ritles‘by Number of Computers

Figure IU-4: Computers Supported
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rable IV-6 Software Titles By Number of Computers
L] »
No. Computers ! - Science Math
-.-----...---.---..'--- . (1 1 ¥ 3 1 1 J Lk X 1 ]
No computers specified ‘ 0 9
1 Compyter specified 384 596 A
2 Computers specified . : 197 169
3 Computers specified 150 139
4 Computers specified 8 457
5 Computers specified : 0 13
#% TOTAL #+

739 971

- 37 -
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42

3

Total

980

366

289,
53
13

1710

| if anything, understate "the commandi
leag of thf‘Apple. Many of the most imaginative software "ne
products, and almost all of the federally-funded 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, Cromer (1983) argues that the dominance of a single machine
is important because now, for the first time, software 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 &re most important in tbe
thin-market advanced-level subjects‘and well worth the additional

- cost of the hardware.

- d a
. .

C. Topic Coverage _

N

and sciepke topics\ There is almost no elementary science
software, and many high school math gnd science topics have no
supporting sogtware. 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. \

Commercial saitware has non~-uniform coverage of mathematics

2

‘

General Observations

The broad distribution of topic coverage is illustrated in
Figure IV-~S5. This is based on the detailed analysis of available
software topics by grade shown in Table IV-7 for science and,
Table IV-8 for math. While these data férm the .basis of the
discussion throughout this section, some general trends emérge
that are worth noting here:

reflected in the popularity of physics titles
%22;) followed by chemistry (25%) and biology
18%). ’

- The elementary orientation of math is reflected in
the preponderance of basic skills software (762),
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%2).

- The heavy use of software in advanced science is ‘

143 . g
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Table IV-7 Science Topice By Grade Laysl l .
GRADE LEVEL
Topic No. Titles i 1 3 4 5 6 ? 8 9 10 n 2 c
L e v . i o T T T e i e
Chenistsy -~ A1l Topics ‘ 183 0 0 0 0 0 2 2 & 19 Al 14 180 86
Chewistry (Actd-Base Chentatry) 18 0 0 0 o e o0 0 0 1 5 16 18 8
Chenistry (Atomic Strect. and the ", " 0 0 a 0 0 g 0 o 0 3 2 3 I8
Pertodic Table) ' *
Chamistry (Chemicel Composition) . 6 0 0 )] 0 0 0 0 0 0 -0 ) 6 &
Cheatatry (Compounds sad Formulss) 22 o 0 1] 0 ] o 0 0 2 3 15 22 10
Chenistsy (Miscell s) 6 0 ¢ o 0 o | 1 2 3 3 6 [ 0
Chamistry uclsonice 3 0 o0 0 0 o o 0 o 0 Q 2 3 |
Chanistry Resctions/Equilibris) 25 0 0 o0 o0 o0 ©o ©0 o 4 9 20 25
Chentstry ~ (Orgsnic Chemtistry) 15 0 0 o .0 o [+) 0 o o 1 3 g 13
Chentstry (Solwtiems) 10 ° 0 o )] 0 0 0 o 0 @ 2 10 1
Chemistry . (States of Mstter) 20 0 0 0 0 0 0 o 1 b) 6 18 20 .3
Chomistry (Stoschiomstry) 9 0 (1] )] 0 0 0 ) )] 1 1 8 9 3
Cheuistry (Meltiple Topics) 7 0 0 0o @ o o 0. 0 0 1 3 7 5
Chomistry (Mo Toptc) 9 ¢ o0 o o0 o | 1 i 3 6 1 8B. &
Physics -~ ALl Topics 210 g o0 o0 1 4 6 5 9 26 74 195 206 66
Physics {Electricity) 52 0 0 0 0 ] 1 ] 0 0 0 25 &8 SI 28
Physics  (Hest) 15 0 0 0 0 0 0 ©0 0 3 S5 15 15 3
Mysics (Light) 18 0 0 0 0 0. 0 0o 1 3 T 18 18 4
Physics  (Mechamics) 59 0 (1] 1] 0 0 o 0 3 12 5 S9 16
Physics (Nuclear Physice) 1 0 0 ¢ o o | 1 4 5 M 11 2
Physics (Relstiviey) o O 0 o ¢ 0 0 o0, 0 0 o 0 o0 o0
Phystcs  (Sowund) ‘ 7 0 0 0 ! 2 2 1 1 0 1 5 5 0
Physics (VWaves) 24 0 o 0 (4] 0 0 1 ] § 6 20 X a8
Phyefce (Multiple Topics) 2 ¢ 6 0o 0 0 o0 o0 o o0 o0 1 2 )
Physics (Mo Topic) 22 0 4] 0 ] ] 2 2 5 ¢ 1.1 n 4
Astronomy k1] ] 1 5 5 7 8 17 0 27 25 24 N 8
Basic Skills 3 0 F | 2 3 7.9 18 32 9 W 28 28 0
Biology 133 3 A 7 6 15 23 28 &5 99 M7 115 105 36
Earth Science 36 0 3 7 7 p) 6 22 25 29 29 22 2 i
Kcology/Enviromment 18 o o 0 o 0 } .7 18 21 M 8 W 3
Genersl Science ] 0o i | 1 /4 5 9 9 14 13 & 1t ;
Ceclogy 0 06 0 0 0 0 0 0 b 0 0 o0 0 o
Multiple Subjects -- Science S 6o o o o0 0 2 2 3 & S 5 4 |
Ratural llistory 6 1 2 & 5 3 i (1] 0 ] 0 0 0 0
Physical Sclences 22 ! ] 2 ! 2 2 ] 18" 18 8. 17 ] 0
Tecthnology Fducetion 3 { ! I 0 | 2 L] I 1 i i i 0

|
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fTable IV-8 Math Topics by Grade Level_ _ ( e e
e T .
N GRADE LEVEL
Topic No.Titles Kk g 2 3 4 s 6 7T & % 10 11 312 ¢
msw . [ 1 1] TREN Gwsn CAEE Dews e ay
Basic Skills -- A1l topics 740 109 231 327 38% 480 467 41 343 \3M8°300 130 73 72
Basic Shills (Arithmecic) 130 49141 2% 254 253 229 214 o7 8 46 2% 20 g9
Basic Skills (Coordisare Systams and 21 1 1 3 6 8 11 12 1 1z ¥ 9 5 s b
Graphing) ; ‘ .
Baste skille (Cwrreacy) , ’ ‘ 17 0 2 6 14 17 15 310 g 2 T o o0 o ¢
Sasio Skitls (Decimels and Perceats) s3 0 e o 2 24 21 o & o 2 8 L S o
Basic Skills (Bqustions) ()] 6 0 o 0 o0 o o0 o o e ‘0 o o o
Basic Skifls (Factoring)’ 27 ¢ ©°o o 3 10 10 1 pn i 18 17 7 7. 0
Sasic Skills {Fyactions) 77 2 2 5 10 59 711 712 6 e 40 . 7 7 1
Basic Skille (Imequalities) )] O 6 o 0o o o 8 o g g 9 o0 o0 o
Basic Skills {Logic) 16 I 4 6 10 13 11 12 150 g $ ® €6 & o
Basic Skills (Measurament ) 21 [ 3 o 1" 2 13 16 18 16 15 14 1o 8 7 1
Basic Shille (Mmber Sentences) 4 0 ] 1 b | 4 4 2 0 o o 0 ;] (] 0
Basic Sxills (mmeration), ) 61 B 40 n 2 38 18 17 13 1 11 & 3 3 o0
Basic Skille (Ratio amd Proportion) = - e 0 © 0 o 2 3 4 4. 4 2 1 0.0 o
Basic Shills (Telling Time and : 24 S & 20 17 n 6 /4 3 3 2 1 1 0
- Distance) § . ’
Basic Skille (Word Probiems) 22 o 1 3 13 %16 18 18 n 9 4 4 3 2 o
Basic Skills (Kstimatidm)- 3 o 0 o o 1 1 1 2 2 2 2 2. 2 1
Basic Skille (Mumber Theory) ’ ] 0 @ o o o o a o 0 0 o0 o o o
Basic Skills (Multiple Yopics) ' 36 S 12 16 16 18 19 3 2 n - T | 2 2 o
Basic Skills (Mo Topic) 8 5 & 7 6 & 5 & < 3y 2 1 1 )
Algebera 92 0 o o 4 4 7T 18 69 85 85 62 N 4
Analyeis 17 ¢ 0 o0 p0o o o i 1 2 ¢ 12 17 17
Calculus 12 ] o o o [}] o 0 o 0o, 2 3 76 12 10
Coneumer Math ’ 21 9 0 2 3 12 12 18 1 15N 10 8 ¢ o
General Math 5 6 0 o o o 3 e ) 4 s 5 S 8§ § ¢
Geomat ry 13 11 v 3 3 6 "10 19 20 24 24 W 12 3
Multiple Subjects -- Methematics Yo S 0 8 o 1 2 2 2 2 4 3 3 3 3 o0
statistice ‘ ‘ n P o © o o o ) 5 7 10 16 17 N 1s
Trigonometry , L 12 ” . o©o o o o o | 4 10 10 12 r]
'
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Figure IV-5 “ajor Topics of Software Titles
"B 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
I1V-10 for,math. Important generalizations that emerge are:

- = Drill and. practice is very common, especially in
math where it dominﬁFes with 42% of titles (222“

« for science).
. h - Combining games, which sre usually disguised
s drii1, with the drill and practice category
accounts for fully 672 of math but ,omnly 26% of
© . _science titles.

,—.Games and drills are more common in elementary

. grades than advanced grades. In math, they drop
.from 78% at the fourth grade to 62% at the eighth
grade and 38% at twelfth grade.

- Tutorials are popular, especially for science
topics (33%), but also for math 22).

- Simulations are used in 28% of sc'ience titles -~
they represent the most frequently used style in
eleventh and twelfth grades.

- 4] -
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Table IV-9 Science Teéaching Styleg by Grade Level o o 7
* . X ) (_ ) . /A, . ' . .
, : //
: | | CRADE m{ﬁ. ‘

' Teaching Style o ' No. Titles | S 4 5 6 7 8,9 10 11 12 ¢

g -umwmm-m [ T § 3 13 F 3 3 7 ] ENNE S A HENE Gas NEEs AN SSER Nmas ENENEEE L] m’-

] N -~ . ’ '
Author. Language | 0 0 0 0/0 O 0 0 © 0 0 0 0 o 0.
Computational Support 59 0 o 0/6 O 0 3 6 8 28 42 56 55- 9
Concept Demonstration - 21 0 0 0 /,“ O&Ag,’ 1 1 V.4 3 4 S 10 19 19 2
Dats Base Retrieval 4 0 0 0/ o=f0 0 o0 1 1 2 4 4 o0
Educational Came 27 0 2 4 &4 6 7 6 11 15 m\y; 2 3
Langusge Processor _ 1 0 0 o 0 0 0. 0 0 1 1 1 1 1 0
Multiple Type 3 - 0 o g 0 o 0 0 0 o 1 2 3 .2
Rote Drill . 163 00 0 0 0 1 I 4 14 19 28 43 130 15 42
Sample Long-Term Project 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0"’
Simulation 207 6 0 0 6. 6 9 16 25 46 86 119 194 197 54 °

" Skills Practice . 0 0 0 0 0 0 0 0 o0 0 0 0 0 0 0
Teacher Atd : 0 ¢ 0 0 0 0o ©6 0 0 0 0 0 0 o0 O !
Test Geénerator 4 o -0 o 0 0 (4] o 1 2 3 4 3 .3 1
Text Processor ‘ 0 0 6 0 0 O 0.0 0 O©0 0 O 0 o0 ©
Tutorial ' 235 0 ,5 11 19 18. 2939 51 91 130 157 175 166 80
Word Processor 0 0 0o .0 0 1] 0 \ 0 (] 0 0 0 0 0 0
Multiple Styles 6 0o 0 d o0 o 0'0 0 0.0 6 6 6 5
No Style Specified 9 0 0 0 0 o o0 0 g 1 1 2 6 86, 8 |
8% TOTAL %% | . . ‘-

: 739 0 7 15 29 32 47 0 112 188 304 406 620 638 206
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Table IV-10 Math ;’eachlng Styles By Grade Level
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6 0o 0 o0 o
2 3 3 4 4
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6 0 o o ¢
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0o © ¢ o 1
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Figure IV-6 Software Teaching Styles
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Certain styles of software'a}eASOmetimes associated with
particular topics, as can be seen from Tables IV-1l and Iv-12,
For instance, 90% of ecology/envirgnmen: softwvare are

simulations, and 15 of the 17 agalysis titles are:computational
Bids. H ’ ‘

The followilg ézscriptions distinguish the various possible
educational styKes of software: ‘ _ ;
Authoring 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, '

Contept Demonstration (Demo): a piece of software
that shows, explains, or illustrates a particular
concept without requiring student interaction. These
are often used as part of lecture demonstrstions.

I
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) PROGRAM STYLE ’
Topic , . No.Titles D&P  Sim Game Data Demo Tutr Comp Test Mult None
Shuistry - Ahﬁ'opi’cs ‘ n 85 37 2. 1 4 39 7 1 1 5
Chemistry  (Acid-Base Chemistry) - 18 8 4 0 o0 2 *3 0 o 0
Chemistry  (Atomic Struct. and the ) | 20 3 1 1 0 4 1 0 O 1
Pgriodic Table) -7 : ' )
Chemistry - (Chemical Compostition) 6 - 0 5 0 0. 0 0 0 0. 0 1.
Chemistry (Compounds and Formulas) 22 17 1 0 0 .0 2 1 o0 o 5
Chemistry (Miscellaneous) _ o 270 0 o 3 0 o0 o 0
Chemistry (Nucleonics) | o 0 0 o 1] 0 0 0
‘Chemistry  (Reactions/Equilibria) ., 8 1 0O 0 8 0 o0 ‘o0 o
Chemistry (Organic Chemistry) 1 o0 o o 10 0 _ -0 i
Chedistry (Solutions) 0 0 0 0 | | S g o ¢ 0
Chemistry fStutea of Matter) 9 4] 0 1 2 i 0 0 -0
 Chemistry Stoichiometry) o o 0 ‘0 0 ! 0 0 1
Chemistry  (Multiple Topics) 1 | 0 0 0 ‘3 0 o 1 0
Chemistry (No Topic) 9 2 0 0 1 3 1 .1 0 0
Physics - All Topics 210 5% 60 8 0 n 51 17 0 1 2
Physics (Electricity) _ 52 19 13 _0 0 o 15 0 0 0 0
Physics (Heat) ¥ ] 5 2 0 0 0 4 4 0 0 .0
Physics * (Light) - N 18 8 4 I 0 2 2 1 0 _o0 0
Physics  (Mechanics) 59 12 24 3 o .1 13 4 0 0 2
Physics (Nuclear Physics) . 1 0 8 0 0o G | 2 0 0 )]
- Physics  (Relstivity) g 0 1) 0 0. 0 0 0 0 0 0 -0
Physics  (Sound) 7 4 0 0 0 1] 2 1 0 0 0
Physics (Waves) : 24 4 7 0 0 & 9 0 () 0 0
Physics  (Multiple Topics . 2 o -2 0 o 0 0 0 -0 0 0
Physics  (No Topic) 22 3 0 4 0 4 5 5 0 i (4]
Astronomy . 31 2 9 2 1 2 11 4 0 o’ 0
Basic Skills 34 3 i 3 0 - 1 25 0 1 0 ]
Biology . X ' 133 6 S5 5 1 1 52 12 1 0 0
Earth Science 36 7 7 1 0o 0 20, 1 0 0 0
Etology/Enviromment , 38 0 % 0 | I ] | 0 0 0
General Science . ' I8 3 2 5. 0 0 6 2 n -0 0
Ceology 0o . 0 0 0 0 0 o 0 .0 0 0
Multiple Subjects -- Science 5 % .0 0 o 0 0 | 1 0 1 2
Natural History ) 0 0. o0 0 0 6 0 0 0 0
Physical Sciences . @ 22 0 0 0 o ¢ 21 0 0 , 0 0
Technotogy Fducation 3 0 1 0 0 o 2 0 0 0 0

1
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S ELT Ui i
pnocm STYLE
 Topic | No.Titles DEP Sim Game Demo Tutr Comp Aid- Auth Test Mult ‘%rﬂ " None
= = t 3 -7 * mmos =R~ BICN KOS SOSEN SSESm - L2 = F ] --'- L3 2 1 3 ‘-.- L 2 1 2 ] —
R . Basjc Skills -~ All topics , 740 343 3223 5 139 5 4 1 5 4 1 7
L Basic Skivls (Arithmetic) ‘ 330 0 . 157 1 113 2 48 0 2 0 .4 1 0 2
"\ .- pasic sKills (Coordinate Systems and © 21 7 o 7 o 7 0 0 0 0 0 0 0
- . Qraphing) v : - ,
oo ‘Basic Skills (Currency)' S & A ‘9 2 .A 0 3 0 0 0 0 0 0 0
i. . Basic Skills (Decimals and Percents) - 53 22 o 12 o 17 6 .0 o o0, 1 0 1
% . Bagic Skills (Equations) Y o 0 0o o o o o0 0 0o .0 o o o 0
 ‘'Basic Skills (Pactoring) ‘. - , ‘ 27 ) o 12 o 7 2 -0 1 0 0 0 0
. Basic Skills (Fractions) ' 77 37 o0 15 3 2.0 6 0 1 o o ]
. Basic Skills (xnmalitiess; . 0 0 o 0 0 0 0. 0o o 6 o 0 0 -
* ; "Basic Skills (Logic) ‘ .16 0 ‘0 16 <O 0 0 0 o ,0 .0 o0 o-
S Basic Skills (Measurement) \ ; S 3 8 0 ‘a4 0 7 2™ 9 o "9 o 9o o
o Basic Skills (Mumber Semtences ) / N 1 0 2. 0 1 ¢ .0 0 o 0 o o
b, JPasic skills (Numeration) K 61 39 o 12 . 7 o o ,0 ‘o 0 0 3 .
. Basic Skills (Ratio and Proportion) 4 2 0 2 o 0 0, 0 .0~ O 0 0 0
' " Basie Skills (Telling Time and 24 4 o0 S5 0 4 o0 o0 o 0o 1 o o
4% ' Distance) \ ‘ : )
o Basic Skills (Word Problems) 22 11 0 o o 1 & o o0 o0 o0 ¢ 0
oo Basic Skills (Es€imstion) _ 3 1 0 2 0 0, O o 0 0 0 0 0
Basic Skills (Number Theory) 0 0 0 4] 1] 0 o 0 0 0 0 0 . o}
Basic Skills (Multiple Topics) ' . 36 18 o 1 0 3 0 2 o0 0 1 1 0
Basic Skills (No Topic) ) 8 4 0 2 0 2 0o .0 o 0 0 0 0
BN Algebra = ' , , . 92 a1 0 & 3 AN 9 1 o0 0 o0 o o ¥
- " Analysis 3 17 0o 0o o ™ 1 15 0 o 0 0o o 0
, Calculus ‘ _ 12 1 0 0 3 4 4 o ] 0 o' o b}
. Consumer Mdth oo 21 703 .1 o 9 0 o o 1 0 0 -0
» _General Math | 5 3 0 0 0 2 o c o0 o 0 0 0
" Geometry . ‘ . 33 10 ° o 1 2 16 3 0o 0 0 o 0 1
Multiple Subjects -~ uatheaatics " ~ 5 .0 0 o o 2 ) S l' 0 0 1 0 .0
Statigtics ¢ 31 4 0 0 27 4 0" 0 (2] 0 . 0
Trigonometry ' 12 U3 1 2 1 4 1 ¢ 0 0 0o 0 0~
- .
Table IV-12 Math Topics by Software Style . . L ] ~
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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.

v—r]

< Educstional Game (Game): Either an intrinsic or an

extrinsic game which has scoring. '

Multiple Type (Mult): A software package that has as
8 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
gamés and software that presents new material which '
would be classified as a tutorial. :

\
Simulation (Sim): A simulation of a mathematical

or statistical situation iffcluding 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. -
'S [
Test Generator (Test): Softwahh 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 substantiasl amounts of drill and practice that are
based on the material presented in the software.

§

Chemistry

In chemistry, a wide range of topics i% covered in -
simulated lab and drill-and-practice formats. Approximaftely
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 s ftware tools. The simulated laboratories are
almost all standard chemistry laboratories - titrations, gas law
experiments, determination of equilibrium constants,; édlorimetry
and the like. Hopefully, these simulations hre being used to
aygment and not to replace traditional hands-on laboratory
experiments. However, costs and over-reaction go safety concerns
may force many schools to substitute lab simulations for the real
thing. B . , . ‘
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There are -four 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 & good deal of the general cheaistry area and might be
considered a fifth comprehensive package, although the titles are

sold separately. ) , f/“-\\

One unusual software package is the database Chemdatsa wh{ig/
permits students to explore the periodic tabie 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 11th.(77%) and f2th grade students (98%). Only twenty
packages (11%) are stated to be of use before the ninth grade. .
All of the software is in English, a&nd none of it is reported to

be particularly usefﬁ\\i::@studcnts with special educational needs.

Approximately twen ajor vendors offer chemistry software,
but over twp-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 n¢d practice for the Apple, CBM, and PET. Overall, 843 gf
chemistry software will run on the Apple.

-

]

g ¢

~Physics

~N

' In physics, there is a broad variety of topics and. software
styles -available from approximately thirty ma jor publishers.
However, the coverage is not uniform; some software ideas are
repeated many times. There are at least six simulations of the
Millikan 6il-drop experiment; seven pdckages that teach
‘geometrical optics by drill and practice; five tools uded to
calculate vector addition, five programs that give drill and
practice in golving resistior circuits, seven simulations or games
involving two-dimensional projectile wmotion, and five more
simulating orbits. There are seven tutorials on waves, four
nucle scatterigg simulations, and five drill and practice ‘>
packdfes covering various topics in thermodynamics.

'”Oﬁber avai1ab1e software includes several commercially pub-

lished ~~microcomputer-based laboratory expergments, two of
which use Pasco's photogate to turn the comput into a precision
timerr. There #a 'a range of software on other ysics topics,

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

»
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including Fourier analysis, and one relativistic simulation.

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

: Of the publishers that carry physics software, t%o-thirds of
the titles are supplied by five oompanies: Microphys; Classic
’ Software, which'carries ‘drill and practice for the PET; Merlan,

vhich has simulations and tutorials for the Apple and PET, Cross -

, Educational Software, which produces mostly tutarisls 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
unuswal in that. it encourages students to write their own
programs {or mo%}fy.supplied softwvare) to solve dynamics -
problems. _ '

Asﬁronomz

_ There seem to be two dominant types of software available in
‘astronomy: tutorials on various aspects of planetary and stg!lar
properties, and observational aids, such as TellStar, that are
used to calculate the position of the stars.and planets. There
are also a few games and simglations-based on planetary motion;//

' -

. " Certainly there are many other topics within astronomy théc

~could be made interesting and accessible to pre-college
students. Databases of star information could be used to
simulate radio or optical telescope observations. Studgnts cbuld
be guided to find regularities in these data related to stellar
evolution or the expansion of the universe. Simulations of
planetary motion could be written that would allow one to
experiefnce -the apparent motion of planets as observed from the
earth or from other planets. T

Biology

For the purposes of this report, we have combined biology,
egology, and issues relating to large-scale energy production and
consumption. Thig was done in part because it is difficult to
draw lines separdting these .various areas and in part because




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 twelée-COmputational
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 atYe based on the original Huntington II
simulations. The single most.popular topic is genetics with
fourteen titles. Birdbreed is a typical example. In this
simulated genetics laboratory the student must deduce a rule of
inheritance by simsulating the breeding of birds and then
observing the characteristics of the offspring..

One important package which could bg'utiliZed in biology and
.ecology is MicroDynamo 8 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
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,

One ¢ould think thst such a popular and important topic as
health wollld be heavily represented in commercial software.
However we found pnly one example, You're the Doctor??,  which
,simulates/medical problems for the user to diagnose and treat.

) .

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

. Given the large numbers of biology students, it is

‘surprising how little binogyxkvfcware exists--only 182 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 forsdiscovery learning.
Computer-based laboratories could help students see important
relations. Simpulations could help make the molecular basis of
life more comprehensible. n T N
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Earth Science and Geoiqu

”

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 8 few drill and practice packages on
assorted topics. We were unable to locate any currextly
available software that treated topics in oceanography, plate
tectonics, the earth's structure, ice ages, or navigation.

There -are rich&opportunxties for new software in this area.
One can imagine games based on prospecting or weather
predictions. Resource maps might be both interesting and
useful. Databases which include information about mindrals
and crystals and threc.-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 make this subject more empirical and accessible to
students ]

-

i}

General Science

Y

We have included in general science a numbef of tdpics which

are hard to classify, cover very elementary concepts, or cover

advanced ideas that are not in the province of any one
partgcular 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
pa?kages. One unique package in this area is the Semantic
Calculator, 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 the computer to make distinctions between animals
(or anything else) on the basis of observations.

- 5] -
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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 forpses."0f the 971 titles
analyzed, 897 were applicable to grade 8 or lower, and only 232
were useful at twelfth grade. Of the programs for elementary
students, more than hslf covered addition, sthraction,
sultiplication, anﬂ division of integers. , -

»
P .

About three-sevenths of all math software titles dinvolve
rote drill and practice, about one-fourth provideé drill in the
form of educational games, and another two~fifths are tutorial.
Of the remsining 11%, about half are computational tools, almost
all of which deal with graphing functions organalyzing graphs.
There are seven simulations”and no database }‘prieval programs.

]

Sof:vare costs vary immensely. A number';i comprehensive
packages exist such as: ’

-~

- Math Sequences from Milliken at $450
- Math g for grades 1 to 3 from SRA at $525
Math B for grades 4 to 6 from SRA at $640
—,ﬁi;xgma;n_for grades 6 to 12 from Sheridan College in
Ontario at $50Q

- -

Large packages such as these tend to include classroonm management
(CMI) capabilities as well,

At the other end of the scale are the large number of
single-concept skill packages and single educationsl games in the
$10 to $20 range and mapy somewhat more sophisticated packages in
the '$30 to $50 range.

A few programs offer, the potential to dramatically affect
the learning of mathematics and khange the mathematics
curriculum. One example is Greep 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 egquations which
which will plot curves to pass through thirteen 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
results and 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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dent can explorg, see 'ghnt happens if I try this": and'develop~
a:E;nceptunl 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 sdftware now available in mathematics;
much more needs to b developed. .

In spite.of the large number of mathematics sottware titles,
many important topic areas are not covered. Poorly represented
topics include ratio and proportion, applied math (other than
consuder math), probability, estimation, Boolean algebra, complex
numbers, solid geometry,, and analytic geometry. The swing away
from "new math” shows up here, for there is little software
addressing sets, groups, axiomatic algebra, or slternative number
bases. EXtept at the elementary or remedial level, there are no
comprehensive software packages that could be used throughout
tommon courses such as algebra or geometry. Algebra, a course ’
required for most students but understood by few, would warrant
the cost developing a substantial, comprehensive, integrated 3
softwafe package. ' :

An Agenda For Action: Recommendations for the Eighties, a
publication of the National Council of Teachers of Mathematics
(NCTM, -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\; with its number-crunching,

graphics, and database capabilities,

« - The computational 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, gnd databases which allow testing real-world Ypopulation 1
data against these various growth models.

¢ | \,

s
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" 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.



There e a number of important topic areas in mathematics
and science for which little or no educational software exists.
There is almost no softwdre treating science topics outside the
usual biologyYchemistry/physics curriculum that Tould be taught
at the precollege level -~ such areas as psychology, physiology,
health sciences, technicel occupations, technology, beginning
engineering concepts, earth sciences, and advanced science topics
at the college/high school border. There seems to be a
surprising shortage of software, that treats advanced math topics,
especially calculus, analysisé/grigonometry, and analytic
geometry. Software for geometry and -algebra is spotety.

There is also a shortage of ele-entary schoQl science
sqoftware. One interesting ideg in this area would be to use ‘
microcomputer software to revitalize some of the excellent : .
science curricula developed during the 1960s. One could take
sdvantage of the tremendgus investment those projects represented
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 University "of California at Irvine
(Arons, Bork & Collea, 1981),

Software in the math/science areas is currentlyigominated by
material in drill and practice and tutorial styles. his does
not mean a lack of opportunities for new software in these
styles, particuiarly 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. When this
software takes the form of simulated laboratories, ‘there is less
need for simulatidns of traditional school laboratory experiments
than there is for the.simulation of situations that would
otherwise not be practical or safe.

The 'bulk of the available software is geared to the average
stydent 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
available in Spanish. The bulk of the available math and science
software is elementary arithmetic drdill and practice. Heavily
text-oriented,materials, such as drill and practice, require a
substantial rewrite to De adapted to Spanish. Hawever, many of
the more imaginative software packages, in fact, have very little
text and would be relatively easy to adapt to Spanish and eother
languages.

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

: r

It is important to realize that special needs students can
wtilize net only rote drill and practice but also more i
"imaginative softwafe, as has been shown in landmark reseafch with
the Logo language (Goldenberg, 1979). '

There are opportunities that would improve .
o microcomputer-based learning by students in math and science
" which do not involve writing new software but rather involve
dtilizing what already exists more effectively. Often teachers
need 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. Much
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
cgmputers.

~
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_requirements and éxpectat o,f

: .D. Evaluation
b \x'
\
A "
Quality \ , ~~

It is very difflcult to comment on the quality of available
software, since diffeyent users look for different properties in
gsoftware. Many observwers feel that software is of quite low
quality. For instance) in one _report, 4,000 titles were
revieved, and only 3-43)\ were found" acceptable (Bracey, 1983). " To
some extent, these nega 1vb ati&tudes stem from a lack of fit
between available softwalle ang¥an individual teacher's

\One person might reject all drill

ﬂycable, wvhile another might find
the perfect remedial lesson amqng these rejects. As the large
Rumber of textbooks for most cqurses attest, there are great
differences of opinion about ldnguage, scope, and student
autonomy xhat color teachers' qfvaluations of software.

and practice software as i

-

There is mo doubt, however}\that & substantial amount of
available software is trivial, dnimaginative, and does not use
microcomputers well, This kind of software is often the easiest
to write and fastest to enter ;hq sarketplace. There are
encouraging signs that more duality software is entering the
market. Grant-supported software iﬁ being completed and
commercial investments in substantihl software packages are
making an appearance. There 1s a growing apPreciation of the
importance of making software "user- -fxjendly”
clear idea of how to accomplish this tl{rough layout, fonts,
color, menus, on-screen prompts, helyp ' cilities.\and good
documentation. More advanced hardware ind programming techniques
make some software faster, more 'interactive, and far more
powerful than earliea efforts.

In spite of this progress, one senﬁws*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 If only .more creative minds wvere put to
educational invention, perhaps many more i pportant nev, packages

could be generated and made available. \ o/
! A\
. \ /Xf'
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Reviews

‘Teachers and schosl personnel are .clamoring for software
reviews. These reviews\are needed in order to arrive at purchase
decisions .for hardware as well as to help select appropriate
software for instruction In response to this demand there are
an increasing number of published reviews of educational .
software. The Software Finder lists journal reviews of math and
science software from different journals. The Sprin 1983
edition contains one or mo citations for reviews of 2 6 math
and 125 science software padkages. Many of ‘the published reviews
are in computer-related jourpals and therefore may not reach a .
large number of teachers who \do got read these journals. The’
science establishment in particular has been very slow to
incorporate software reviews into| it's regular publications. 1In
addition to journal reviews, therg are two major national review
operations underway. The RICE database, emanating from the Northwest
Regional Educational Laboratory and available from Bibliographic
Retrieval Services (BRS), ‘contains reviews of over .1,400 software .
packages, with 338 on math topics and 184 on science topics. The

Educational Products Informatiom Exchange (EPIE) is using
classroom teachers who have received training in courseware

analysis to review microcomputer software. These reviews are
available on a’subscription basis. :

« There is one unzque publication in the area of reviews,
namely, The ng est 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 appear 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 che vast
majority of reviews are favorable.

Review Methodolq&x‘
v

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, Holtznagel, 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 ¥f these approaches to l
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 l
questions that teachers ask most: 1) what is the content of the P
package?,and 2) Is there any sdvantage in using this softwvare .

“>% over print or other media? Mapy teachers simply need a - . ) l
reasonably detailed description of what a particular software
package does. With this informs€ion they can make a decision

about whether the software is of value in their own particular
-teaching environment. ‘ 1 : .

’ ¥
Review Costs

£

ant in many cases to I
joom and to compile S
¢ tried the software, '

- Reviews are expensive. It is impo l
review educational software in the cls
opinions of a number of teachers who he l
cutriculum experts who have observed /and subject matter .
consultants who have reviewed it for nfcuracy. Even if economies A
of scale are achieved by weviewing layge numbers of software l

packages,-this process could easily ﬁst $1,000 or more per
software package. ‘ . -
An interesting’ example of the kind of mistakés one can make
in evaluating software without classroom trial can be seen with
the package Geology 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 revievers criticized this format, but in fact it
wass 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 of“this device assures the involvement of every member of Ty
the group in the game ‘sutomatically, without instructions from - e -
the teacher. This illustrates the risk involved if, for the sake I'
of economy, classroom trials are omitted from the evaluation
schema. b : , .
This high cost of review of educational software.raises some [
very difficult questions. Can professional or commercial
journals - the traditional sources of educational software ‘L
reviews - afford this cost? Can schools or state agencjes 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 toreview .. l




2w
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/~//7 ' | ' -
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properlyy at the current rate of production of 1 new packages a
g Wonth, $100,000 a month would be required to stay on top of just .
the commercial software.-in math and science. ‘ .

. . ' .‘ F ]

KL

‘Electranic Review

*

-« .
The high cost of software evaluation tends’ to indicate that
some method of sharing evaluative information would be of
tremendous value to the educational community. We have been-

intrigued for some time about the use of public access databases f

to improve the flow of information about software. Thare should be
some elactronically accessible file of sofpware descriptions and N
evaluations to which educators can contribute new evaluations an
comment on existing ones.. This would-Teduce the cost of

reviewing at+the same time that it~would increase the relevancy
ofidthe reviews because teachers from the. field would add comments

on their personal.éxpetienceswk;h’the software. 1In addition, we
envision such a service as a way to find local‘resqurce,persons-
who have used the software and “can be consulted about its ‘
usefulne§s. We made the database generatel¥t for this project -

- the Flectric Séftware Rindeér - available during the project

period for acrcess and comment to test these ldeas.

Two, questions -are xaised by the pgssibility of such a :
dial-up database of software information. First, who would use s
it, and\gecdndly, would they contribute reviews to the datsbase

‘as well. retrieve ‘information from it? HQ asked these

o~

reviews by classboom-teachers‘maintained on an electronic

questions’'to our sample of math and sgiencé teaéherq. Based on
119 refsponses to questions concerning a dial-up database,
seventy-five percent indicated that they would use it; 5123
definitely, and 24% if it were not too expensive. Only 5% . ‘3
indicated that they would not use a dial-up database. ' a
Inteérestingly, 75% of the respondents also indicated that -they
would contribute reviews to such.g database. Thus, we believe
«hat a low-cost alternative in math-and science to printed
«educational software reviews would be the use of contributed

v

3

¥

‘database. '

- In contrast to the optimistic statistics generated by our
questionnaires is the low.utilization of the already existing

. RICE Qoftware data base maintained by the Northwest Regional Educa-

tional Laboratory on the Bibliogrnghic Retrieval Service (BRS)
"system, . BRS is not able to monitor use of this | partidular file
and so. use stat¥sgics are not available. However, im our
cdntacts'wi;h‘te hers; we find almost no one who \is aware of the -
file's existepe® and, with the exception of I'tbrarians, no one

who . 4t. This might-also be due to the rélative
defr;uaty in devising search strategies on this database.
R L i .
. " . . -
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E. InfgrnétiOn Dissemgns;iou-.

- [4

While magaiines 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, presumably through professional
contact with colleagues. Another one-third of respondénts
reported that catalogs are important; one-quarter find out about
software at conferences; asnd -fifgh through direct mailings.
One-eighth learned about software tHfough vendors and computer
stores, and an equal number through reviews in magazines. Only
eight percent reporteéed 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
md jor source of income for the many "computers in education”
magazines and journmals. Software suppliers also play a major
role in many of the "computers in education” conferences through
displays, spagg rental, fmee workshops, and presenzations.
Software is geperally‘not sold through commission sales and
therefore sales people do not represent a significant source of
software information disseémination. 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

- 0of 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 gke'average teacher, but rather computer
specialists, audid¥isual coordindtors, and librarians
. | X

. One interesting dissemination development is the emergence
of a number of catalog-based software distributors. These
catalogs provide a low-cost disseminption mechanism for the small
software developer. They also provide a number of important
functions forsthe schodls including one-stop shopping, uniform
return and review policies. and a level of quality assurance.
Examples of these catalog sales operations include J.L., Hammett
Co., a traditional supplier to schools, which carfies a
comprehensive line of software, Cambridge Development
Laboratories (CDL), which deals exclusively in science hardwareJ
and software including some of its own developments, and
Educational . Materzals and Equipment Co. (EME) which has a broad

»
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range, of dath and science software as well as other topics, In |

most cases, the Joftware distridbuted through these catalogs is
not exclusive; at is, it is available from multiple sources

although usually at the same price.

A
- >, 3

- | F. Qgguisitionvgnd Use.’, %

’

ﬁ ~ ‘ ‘ '

School Use of Packaged'§bftwa}é'“"' : L ‘

.

- T . . '-

Jd packaged software is \\

in its infancy in schools. Many scho:{‘}
first computers and are putting their pr¥mary emphasis on »
programming. They have not allocated unds specifically for °
softwarne and are .onl : 8

softWare acqy

’

iQuting to this gituation is the difficulty expressed

ers in using prepackaged software in their instruction.

PSt every piece of software embodies an educational

JHilosophy, a set of prerequisite skills, and a particular

,a eading level - any one of which may make it difficult to fit
Wnto an existing curriculum. Thus, the extensive uyse of
topic-oriented software requires either curriculum modifications

or extensive searches for software that fits in.
LY

| N

Large Packages

These adaptation problems mitigate strongly against large
integrated software packages. Seventy -nine percent of math and
science instructors polled would prefer not to use large
innovagive curriculum packages but instead would rather use
small , /stand-alone units. If people could find high quality
packages that fit the existing curriculum-and 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

f 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

- 6] -
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Programming ' | o,

¢

The most common use of compuéég: 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 reported
by only 4% and used onl? in moderation; and all other languages
were used by only 6% of respondents, with use ranked a low 2 by
these users. -

It is interesting to examine in more detail the sign¥ficance
" of this finding in light of the fact that we were asking not
about computer literacy but about math and sciehce instruction.
‘pIc would seem that, from the perspective of these disciplines,
having students know BASIC 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
interest in teaching programming is not directly relate
and science instruction per se.

of the
math

4

Software-Free Uses , | ' N

¢

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. ven 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 & shorter period of time, thereby making the very limited
amount of expensive instrumentation accessible and meaningful to
a larger number of students. Another teacher, 2 high school
biology insgructor, has developed a personalibcd systpm of in-
struction (PS5I) environment where all kinds of instr ctional
material can be utilized. As part of the course students write
packages.which are then 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. L =

Thus we find schools are hesitant to use large packages that
simplify purchasing. But they also seenm not’ to have undertaken
the formidable job of reviewing and selecting significant numbers
of small packages that might be of use 19 -iastruction.

One piece of evidence for this latter assertion comes from

the responses to & question we asked participants concerning . N
their favorite pieces of software. A surprising number, of people ‘
d¢id not answer this question and indicated that they did not have
favorite software or software suppliers. The only software source
mentioned a significant number of times was Minnesota Educa-
tional Computing Consortium (MECC), listed by slightly less than

) one-third of all respondents. The Milliken Math Sequences was

Y listed by 10 respondents. All other scftware vendors and titles
vere 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‘femiliarity and knowledge 4
of topic- oriented software packages on the part of teacRers.

.
! 2

Use of Logo ' . L I

’

- ‘ '
' One of the interesting omissions in the discussions yith |
teachers concerning math software ,was the Logo language. 'Pefha?s

because our methodology tended to emphasize software packages . \
instead of languages, but aldo perhaps because this eccurately oy
.~ reflects teachers' perceptions, Logo was not widely ‘mentioned in ' ’
N regard to math teaching. It is perceived as a language suisable ‘
for early introduction to children but justified im terms of -~

computer literacy and not math instruction. This view was at
variance with that of its advocates, who emphasize the geome&rical
N richness of Turtle Graphics and the impoftance in math ofithe

Lo procedural thinking which ‘the language encourages. Papert (1981)
speaks of Logo as providing a "Mathland! ang, emphesizes ‘the '
‘experiential learning math students .gain through exploring this
land bﬁ 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 ti'tles, 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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packageé have been developed by students including drill and
practice., s mulation, games and tests (Tocci, 1981).

In other typical application, a collection of programs
from stGdents and collegues was wused in a physics course.
Software included a demonstration of a 4-stroke engine, a

"simulation of a Maxwell Boltzman distribution, an orbit
visualizer, laboratory asnalyses, 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, ingluding the least expensive; it is a
skill that 4s 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 Stvles ‘ 5

When commercial software is used to teacﬁvﬂaﬁh and science
topics, the most popular technique- is drill and 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 frequendy' at the elementary levels. These findings
mirror the commercia\ly availableysoftware which has a
preponderance of drilY and practice materigls, p@rticularly at
the elementary level agd in math, Drill and practice material is
attractive to schoolé_btcause it is widely available, .
inexpensive, eagj —~wegerate locally, and satisfies a perceived
need in education: prachlice in basic skills. -

The second mosg
simulations, split’

popular form of educational software is
Almost equally between simulated laboratories
and other kinds of \simédlations. Approximately half of all
respondents reported 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 science instructors. Among respondents
who use simulations, the frequency of use was 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
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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 35 exploring topics which otherwise could
not be addressed. . i

* ¢ Educational gsmes are another form of software which is
widely accepted, reported by 70% of respondents, but used

with low frequency (2 on the 0-5 scale). Although we did not ask
our respondents this explicit it is our impression that the *
ma jority of these games depen 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 afdd practice. It should be noted that
non-eduycational games arge 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. o ‘ 3 '

There has been a lot of controversy concerning the
educational use of games. Because of commertial video games and
the widespread selling of game software for home microcomputers,
microcomputers have been stigmatized as merely "toys", capable
gnly of gamesf' In addition there is the deep-seated feeling that

ducation is serious business -and hot a game. In light of this,
the' 702 acceptance of educational games as one role for
microcomputers in math ang<science instruction is remarkable.

& . ' . .
.The final widespread use of micébcomputers 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 A% the stydent changes the value of the given
variables. This is' 'an example of the perfect use of a
microcomputer to do what is impossible by any other means and
which brings a great deal of clarity to a topic which
traditionally is hard to teach and difficult to learn.

Another type of tqol applicatiop includes having students
write programs for computational purgoses 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. .

! ‘ [
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Equity Issues

’

Many observers ar® concerned that the educational use of
computers will be inequitable and exacerbate imbalances already
present in the U.S. society. Less affluent schools are less
likely to purchpse computers and have lower numbers of computers
per student (Braun, 1980). More important, poorer schools also
tend to. be less able to provide in-service training for their
teachers on computer use, less able to buy varied software, -and
less likely to allow ‘their faculty to initiage software -
requests. -As a result, poorer schools are more likely to use
unimaginative software and software that explicitly instructs the
student. This may have the result of leaving students with the
impression that computers control them, whereas students from
more upwardly mobile suburbs are learning to control computers.

In a society that will make constant, multiple uses of computers,

the sefise 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#t to realize that hard data about the number
of computers and the quality of their use as @ function of
socioceconomic student background are very hard to obtain.
However, a growing amount of anecdotal evidence seems to indicate
that this is 'a very real problem (Center for Social Organization
of 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 of
software we found almost neo commercially available software aimed
at this population. Furthermore, we found very few examples of
schools in these categories making extensive use of computer
software. One exgeption to this trend is Minuteman Vocational
and Technical School in Lexington, Massachusetts, which not only
uses computers extensively but has developed its own directory of
200 microcomputer goftware titles that are used in support of its
jacademic programs. It also has some specialized Computer-Aided
Desigfi/Compter-Aided Manufacturing (CAD/CAM) hardware and
significant support from parents and faculty, (Miller, 1982).
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V. THE SOFTWARE POTENTIAL

|

|
) ‘ Software can lead to substantial improvement in math and
science instruction, It can increafe student learning, lead co‘//f/'
greater achjevement, improve teaching productivity, and in the -
future may reduce educational costs. Appropriate software by
itself cannot redress the major problems facing math and sciénce
}nstruction: inadequate budgets, underprepared staff, and
nsufficient inservice .and preservice 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 categoriesr That which -y
teaches material explicitly through tutorials, dislogues, or .
drill 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
seemsS to have the greatest potential for increasing student
learning. On the other hand, material that i{s more closely tied A
to current classrbom needs, that is, more explicdtly pedagogical,

, has an important role in increasing student achievement in

T traditional’ courses. Both of these Winds of software offer

' substantial opportunities to improve teaching productivity
while sometimes reduc¢ing cost. 1In the sectipon 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.

/
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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 potentjwl  for¢ improving student learning

are: 1) simulations; 2) softwaté tools; and 3) programming
languages. While there has‘been little educational research
demonstrating the impact of these types of software on student
learnirig, 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 is\encouraged to explore this model by interacting
with it. Sometimes this kind of simulation'is labeled a micro-
world. oOne way to use a model or a simulation is to introduce
a goal and a scoring algorithm that determines how closely the
student reaches the ?oal. It tutns the simulation into a game
and provides motivation for exploring different aspects of the
simulation. This particular kind of computer game, which has
been labeled an "intrinsic” game, should be.distinguished from
“extrinsic® drill and practice games where the main goal is
simply to learn the material being presemted. Simulations are

intrinsic games because the material to be learned: is essential
to playing ‘the game #Halone, 1980) .

With some simulations, it is possible for_tho\itudcnts to
build their own simulation models, thereby gaining*a much deeper
understanding of the underlying model., Model building takes
Place :at the boundary between mathematics and science because it
forces students to think about the underlying ideas of science
and state them in a way that can be explored mathematically. The
whole question of model bias i{s gide-stepped because the student
Creates the model and, in fact, evaluates its validity in terms
of how accunately it reproduces reality.

One. of the most interesting educational applications of
model building has been the work of Roberts (1981), who has
simulated the adaption pf the modeling language Dynamo to
microcomputers, and has developed teaching materials which
are effective in teaching middle- and high-school studengs
to generate their own dynamic models. o '

_Educators caution that in order for simulations to be '
effective, some teacher guidance is required (Bork, 1978; ,/} :
Peters, 1983), In many simulations, the user explores the )
model by’'controlling a set of parameters and observ the
effect of these parameters on ﬁe model. ' Bork points out that
unless some guidance is given,Wmany students will randomly set
these variables and get absurd results. They will get bored
with the whole process long before they have discovered the
relationships that teachers consider jinteresting in the model.
Bork suggests using guided exploration whgre default values for
the parameters are provided, along with suggestions for study.
Peters calls for a script as an alternative to textbooks whieh
aldows 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
effectiveness of simulations, has shown that students who ‘use
microwTldscthat model the dynamic behavior of objects improve
their performance in a traditional physics course (white, 1981).
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In one of the best controlled studies of simulations,
Anderson (1981) exposed students to a variant of the Huntington
Il program Pollute for brief 10~-minute episodes. The goal of
the study was to detect ancillary learning and attitudinal S
changes, and it was found that students who used the simulation \\:i)
learned the material better than students in the control group.
Differences in scores were significantly higher for -the simul a-
tion group, both immediately after the intervention and six
months later. This study shows that simulations can effectively
teach the content of science lessons. In a similar st » Hughes
(1974) showed that students can make significant achievement
Jains from simulated physics laboratories.

within the realm of mathematics, Engle and Payne (1981)
report effective use of simulations that are developed, by either
teachers or students. They feel that models in particular
facilitate the connection between the real world and the somewhat
abstract world of mathematics (Darfler, 1978). ’ ‘

Based on the limited evidence that is available, Peters.

! feels that simulations will ay an important role in the

' educational revolutjon that will be caused by computers. The
interactive nature of sinula:goﬁs is a particularly compell ing
feature for learning about math and science. According to
Peters (1983): “what could be a more natural applicatiop in
the sciences than to allow students to go beyond the confines
of the laboratory or field investigation...and carry out as many
‘Simulated investigations as they like focusing throughout on
the logical problems of experimental design [and] hypothesis

testing?”® | \

‘ .
N | .

Simulated Labpratories

Simulated laboratories are a special kind of simulation.

The defining characteristic of a simulated laboratory is that it
is a simulation of material traditionally covered im educational
laboratories. 1In all other respects, the software required for
simulated laboratories is indistinguishable from that of other
kinds 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 famil iarity
with the real laboratory which follows. This can reduce the
amount of time students need in the laboratory, reduce chemical i
losses, and minimize expensive mistakes. This kind of software
use 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 use

‘Simplifies laboratory experience. '

N
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" » simulated laboratories in this cate ory allow students to

- ‘ - * .
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Two concerns have been raised about the use of such \ -
simulated laboratories. First, the idea of using a pre-lab - d
8o that students get procedures right tends to emphasize the
cookbook nature of a'laboratory experience. This may be '
appropriate in certain lads where correct procedures and
relat ills are the primary objective of the laboratory.

But pre-1gbs of this simulation type may work against the goals .
of laboratories where students are expected to iea¢n through =~
exploration and problem solving. The use of pre-1l .
- emphasize the correct, procedures may lead to an-1i
emphasis onia cookbook approach to !abora:or!es. wever,
Palmer (1981) claims just the -Qpposite-~that the so are avoids
the "mindless” collection of data syndrome because students who
use the pre-lab are better able to understand what is going on
and to subsequently gain from the real laboratory. -

The second concern is that simulated laboratories may
come to replace real lappratory experiences., Laboratories are
expensive; they require special rooms and special resources.
Recently, there has been a hypersensitivity to safety {ssues that
has all but banned many classroom chemicals. If these forces
result in the substitution of simulated laboratories for real
laboratories throughout the pre-college curriculum, students

will lose an incredibly rich and important part of the learning
experience. ’ S

There i{s another class of éimulated laboratories that
represents a net addition to the repertory of science teaching
because it permits a form of student experimentation on systems
that would otherwise be inaccessible because of cost, time,
scale, safety, or other reasons. One of the mosbt po pul ar
simulated laboratories of this ty involves genetic br ing.
Breeding exberiments that would tAke months or even years c
be done in a single session at the computer. Other popular

exper iment with the motion of Planets, electric:power reactors,
and the entire economy. : '

Cromer (1983) specializes in laboratory simulations. Under =~
his direction at Northeastern University about 4,000 students in
the past three and one-half years have done about 208 of their

,laboratory work in this mode. He has students actually measuring
‘with rulers and stopwatches events that. take place on the video
screen. "By measuring the period with a stopwatch and the radius

~with a ruler,.the student determines the mass of a laboratory- .
size star” (Cromer, 1983)v Computer simulations offer an
opportunity to introduce new exper iments into a conventional
laboratory, and for institutions that have no laboratory, a way
of exposing students to some experimentation., The danjer {s that
some schools may see the availability of computer simulation as
‘an excuse for not providing experiences where the student can
explore: this must be guarded against. .

*
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Microcomputer-éésed Laboratories

' One of thé most pro%sing ways of using the microcomputer is
in a real--not simulated-®laboratory for direct measurement and
control. 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 shas not gained widespread
acceptance, it has been proven 'useful with stulents from fourth
grade through college (Engh and Ratzlaff, 1980), These authors
state three advantages for thi3 kind of approach: Past .feedback
permits students to evaluate immediately and maximize the amount
of experimentation done; the computer can actually save money by
Teplacing 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
consequsnt 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 appl icationse
makes it possible for students to have a greater degree of
participation in the direction of thgir 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 to
their 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 the students’ sensory capabilities.
In our initial observations, this process X3 extending one'sp =
senses was so immediate and obvious that students quickly behan
dealing with abstractions which, from a cognitive develpgaegé'
perspective, would seem unlikely. Students can create and.
interpret graphs, they seem to be able to appreciate the
significance of statistical variations in data, and they can
learn to work with decimals and units much sooner than has been

:

commonly assumed possible.

Presumably, the cognitive explanation for this is that the
degree of abstraction of these constructs is in the eye of the
beholder; {f students can relate points on a graph to concrete

“events that they have performed and sensed, then the graph is

not nearly as abstract 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).
TheVlack 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 and do not

- require laboratory interfacing. Recently,.a number of products

which combine software leboratory equipment dnd guides tg the

experiments, thus greatly simplifying the hardware problem, have..

appeared on the market. (Sources include HRM Software, Cross,
Cambridge Development Laboratory, EduTech, Pasco, Vernier
Software, ‘and Atari Corporation.) : . ‘

We feel there is a grest deal of educational potential in
combining the data gathering and modeling capabilities of a
microcomputer so that students could, both gather data and
generate models to explain these data. Properly done, the
computer could handle all the drudgery of calculation, data

gathering”and storing, and grgphing.' The student would then be

Jree to concentrate on the process of gathering and explaining

8 about the natural world. To the best of our knowledge, no

one\,has attempted to combine MBL and model ing activities {n this
way at. the pre-college level, . ' )

/

User Acceptance of Simulations and Lab Software

When we asked mathematics and science teachers Hew
microcomputers can meet their needs, a large number described
applications which were Some form of simulation. Teachers want ,
simulations with high quality graphics -and user-controlled
variables. These are pPerceived as being highly motivational,
unique, capable of presenting relevant topics, and capable of
integrating mathematics and science, They are® also seen as
being an excellent problem-solving tool with the abiliey to
individualize instruction. Simulations were perceived by
respondents to be important because they gave students immediate.
feedback in a highly interactive environment by quickly demon~
strating the results o.f manigplatingfvariablgs. When asked what
advantages micrécomputers had over other means of instruction,
fully 18% of the participants mentioned the user control that
could be obtained with simulations., When asked what software
they wuld like to see developed, the overwhelming favorite was.

additional ¢simulations’ with animated gr%Phics and user-céntrolled
variables. : = . :
1 .

We asked science teachers a number of questions related to
simulated laboratories ang\gicrocomputer-based laboratories.
Fifty-one.out of 58 respondents felt that MBL applications.were a
good or excellent way of using microcomputers. Of the seven that
did not respond positively 'to this appl ication, five expressed
concern about its costs, Fifty-eight out of 42 respondents felt
that simulated laboratories were a good idea; four were concerned
about the replacement of real laboratories by simulations.
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In ‘order to get some. Sensge of how important the se computer
laboratory experiences were, we asked participants how much
time they would have students spehd, on the various kinds of
activities. Thq respondents tended to put equal emphasis on
non-computer labogatories, computer-simulated laboratories,

’

‘ ., and computcr-interfach laboratories. These data indicate

'th science teachers are generally enthusiastic about ulated
laboratbries and MBL activities and would use them to’ enrich
;stuaeht &earning gxpecionces in the labqratory. R
..,‘v‘ *, | \ | .
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' Studentnuse of software. tools for calculations. graphing, .

of mathematies and sdiwncd~education for both pragmatic and
pedagog ital peasons. The pragmatic reasons are that,these
are widely used in mathematics, scienc¢e, and related ocgupd&ions,

-data analysis®, and data refrieval should be an impo;taht part;;
S

'.and thus represent importint materfal,from a vocationdl and
- eyltural, viewpoint. More important, howevaq. is the fact that .

these tools are’ pedagogically valuable because they enlarge the

damain of connent areas thag s:udents oanJexplore and learn. !

W ’ v
The use of computer tools for computation, of course, raises

«

e

‘many of the guestions that the calculator raised. - What parts of

». ¢he tradftional mathematics curriculun are supplanted by’ thig
‘~pawerfu1 tool? What partsscan wé afford-to give’sup in favor.of,
“more ‘'sophisticated concepts and still not deprive studenms of

important computational skills and underlying concepts? While

Lipson and Pisher,. 1982). are willing to let's fgr'of the m

"~9 ‘anced arithnetic skills join square root e ction-ag the
: t' of skill that very few people need* fo cow. - Rather’ than ,
wichhclding .powerful computational capabitity-of the'computer

from students out of fear of the posgsible dependence on these

toals, it As probably best to give students the computational-

tools, ang allow them to determine when :g{ how to use- these

toals. I¥ _is possible that initial cont with these tools-

stimulates st S to, learn the computational procedures that

'the computer is uainq.' d
1

There are a numbef of upecialized conputational aids-that

' are’ also useful teaching devides. One is the Semantic Calculatét

whiqb can be used like a four<fungtion calculator that also - -
rmits ggrts and ‘error to be specified fotr each number used.
gpociated text material, studénts can.léarn the {deas df
dimensional analys&gfand errdr analysis and also ,use the tool

' for conversions betwegn systems of measurcment (Schwartz, 1932) .

N
Another -novel cahputational usefof the computér is for the

_géneration Y€ theorems and the exploration of axiomatic systems.

Battista (1985?\has implemen:ed Hofséeder '8 MIU formal system
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s (3 simple 'system of axioms in which non-obvious theorems can be
Proven in much the way tReorems are Proven in the more compl ex
' sSystem of Buclidian geometry). This kind of application could
]/ be useq in.a{number of formal systems to give students a powerful:
ato .

theorem gene 4 cdpabilfgy Obvious applications are in
dlgebra, geometry, and-groupQEhcory. v '

. Of particular interest throughout mathematics and science is

the computer's ability to graph. There are literally dozens of
o ftware packg?cs on graphing available commercially and in the
Public domain.’ This widespread‘availability of software no doubt
reflects an acceptance of the importance of this particular

, application. : The relationship between a function and its raph

‘% - and the effect on the graph of various operations on func ons .
are ideas that are very difficult tg teach. with graphing : .
so ftware., Students can master these concepts through their own
exploration, . The many di fferent kinds of graphs (such as polar
and three-dimensjonal) and' the many different kinds of functional
representations (such as parametric, di fferentiai, and complex)
can all be used and represented in graphic forms for greater

A project undertaken at the North Carolina School for
- Science and Mathemat jcg begins to,exploit the power of analytical

and graphing tools. ' I this project, students were introduced
to the idea of least squares fit in mathematics. They were 1ed
throbgh a seties of explorations of appl ied mathematics on the
technigque for- interpolation and the determination of functional
relations with a set of tools that operate on data sets (Davis
and Fkothingha&, 1981). Qther material used {n science courses
takes advantage of the same set of software tools to help

‘Another software tool that is ideally suited for t
Computer-and widely used in mathematics and science is €he
analytical computation tool for statistics and data ana sis.
This is of particular interest in the quantitative social
sciences where a number of statistical packages afe available
that rival the capability of mainframe stat{stical packages in
power and 'far surpass them in graphing ability and interactive-
ness., Thi's kind of application is not widely used at the
Pre-college level because the traditional mode of instruction

. 1s to teach the underlying mathematics befo:aﬁﬁkﬁchiqg the
~ statistics. There are indications that this weder is not
v Necessary. qu'instancc? we have found that through the Simple
device of making Some computer-based measurements of reaction
time, studenty in sixth grade sp&ntaneously develop ideas of
average, standard deviation, and statistical significanc .
(Tinker, 1981). It is Possible that as statistical package s
become more widely available to pre-college students, ’
) modi fications will be made in the scope and sequence of math .
' instrucgion §§ that ‘students will learn statistical skills at
darl ieffgrade levels, ) o
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Programming ’ S .

The extensive use of student programminy is no doubt an
endorsement on the part of practitioners of its effectiveness
in improving science and, especially, math- comprehension. fThere
havé been a numnber of studies of this carry-over effect, with

. conflicting results. .Overton (1981), in an excellent review of
. the effectiveness of programming, cites a number of studies at
many educational -levels. "The studies tend to indicate that

student programming improves math achievement. It is interesting
to 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 expect

even greater gains in math"achievement. o : .

The Logo originators and advocates (Papert: 1981, Feur zelig
et al., 1969) feel that student programming in Logo has s large
carry-over into mathematics and support their assertions witk a
considerable body of case studies and anecdotal information.

A nunber of recent studies Qf children's use of Logo have had
difficulty quantifying’ths carry-over, and some reviewers (Pea
and Kurland, 1983) feel there are cognitive reasons to doubt at

least 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 shogild view
programming as a' "potential vehicle for promoting thinking and
problem solving skills" (1984). and begin describing the range of
effects that Logo can have in promoting these skills.

When Logo was first made comfercially available, thege was
no logical place for it 'in‘the existing curriculum. Recently,
Schools have made modifications in their curricula so that Logo

n be‘$ncorporated fusually into math classes). There are
egional differences in the degree of acceptance of Logo,
and there isrnot widespread acknowledgement of its role in
mathematics., Nevertheless, there are strong indications that

- its use in. 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 real potential for student programming comes riot from

‘pfogrammming in the abstract, but in putting students to work
. O content-related progrgmming tasks. Through well«formulated

exercises, students gain new insight on the relations of numbers
and science ideas because of both.the detailed and highly

specific nature of the programming path and the results of the .
program they have written. The benefits of this approach can
pnly accrue through math and science classes when edpcatofsg
believe that all students have the ability to program. As
computers gain wider acceptance in schools and society, we will

C R
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he able toiaa the assumption that all children can program,
beginning from '8 fairly early age. Once programming is
introduced in the elementary schools on a wide-scale basis,
math ‘and science ins&ayction are sure to benefit.

Implications for Learning

PN

Software which providesfopportunities for exploration :
through simulations, tools, and programmi languages offers-w '
jreat potentjal for creating a more scient fically and mathe-
maticallly literate citizenry. Because this class of software
allows students to master pProcess joals such as problem solving

"and critical thinking, it broadens the experiential base upon

which both mathematics and scientific concepts are built and
enpowers students to compate theory and observations. This
can result In increased science learning, beth in the schools,
through & new definition of scope and sequence, as well as

outside the schools, in homes and other informal learning
situations, - s

The achievement of process goals is usually an indirect
consequence of using "learner-centered software" {simulations,
tools, and Programming language) . Achieving these goals depends
on not only having the right software, but also having the right
learning environment. . The software removes the necessity for
many of the time-consuming and often mind-dulling activities that
traditionally occupy a great deal of instructional, time. More
time is available for asking questions, for exploring, and for
investigating students’' own hypotheses. There is, of course, no
guarantee 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 s
Vo BRI ¢ .
Microcomputers may have the great®st impact on education s

outside of schools. MAny publishers are developing their

educational products primarily for this huge market and only
incidentally for the school market, Other*software developers

have a dual strategy: marketing the same product with different |
packag ing ;o both home and school markets., At this time, most of .

the home-ofiented educational software bejng produced is aimed at "7 -
very young children and is generally math drill and practice. '

As powerful software becomes increasingly avdilable to the out-

6 f-scthool market, it is not unreasonable to suppose that some
children ﬁill'develnp passions for ‘simul ations, microworlds, and -
programming . , . .
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It is important to realize that there are many hardware and
software limitations that reduce the effectiveness of the curfrent
generstion of software. The speed of operation, the size of
avajlable databases, the detail of graphfcs images, and anima-
tion are all areas which limit currently available software,

There is every reason to believe that new software and
hardware technologies, some already usable except for the cost,
will vastly improve the quality of simulations, tools, and -
programming an%uages. The enormous storage,and graphics image
capability of videodiscs is fhought by some <o add an extremely
important new dimension to the interactiveness and attractiveness
of software, Other observers feel that 3ntglliqent computer-
assisted instruction will provide revolutioNary breakthroughs in
.- educational software that will lead to substantially increased

learning ‘of math and science.

s

B. Software for Greatér Achievement

%

In this section we will consider explicitly pedagogical
software that is desigrfed to improve student achievement in
existing curriculum uvhits, Most software in this category uses
either tutorial or drill and practice instructional techniques.

Software of'this sort has a number of characteristics that
can make it an effective adjunct to instruction. The graphics
and animation of modern microcomputers with color, motion, and
user interaction can be important both to keep student interest
and to {llustrwte ideas and concepts tha y be hard to describe
in 'words. Many observers report that th tience and non-
judgmental character of the computer tutor are important ‘
attributes, especially for students who have 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 super ior
to tradjtional {nstruction (Overton, 1981, Kulik et al., 1983).
Over the years, a plethora of tomparison studies on computer- -
assisted instruction (CAI) vs, traditional instruction have been
conducted, with many of the early studies using mainframes as ’
a vehicle for introducing CAI. Some of the studies pit "tradi-
tional instruction® (varjously defined as teacher lectire, work-
book acdtivities, independent study with no teacher guidance, or
videotabes of acher lectures) against CAI (again, variously
defined \and usdally not clearly described) .. Other studies \
ddtermine the effectivenesy of CAI as a supplement to traditional
instruction. L ~ :

*

a ’ . R



Outcome measures often consist of cognitive gains as
demonstrated op: 1) standardized achievemet tests such as the
Math Diagnostic Achievement Tests, California Achievement Test,
fowa Test of Basic Skills, or Differential Aptitude Test; 2)
teacher-made tests; 3) researcher-made tests; or 4) grades 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 J
user , and onjoy:gnt of computerized lessons are variables |
commonly assessed, ’

2o - —

Most of #he reviews of studies on the effectiveness of CAI
conclude that ‘at the secondary school level, CAI is an effective
instructional method and can produce substantial gains in
achievement when used either by itself or as a supplement to , ’
tfaditional instruction. The typical study shows a small, )
statistically significant 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
differencg between teaching methods.

. A '

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 are basically-the same as the overall
achievement effects discussed above.

Attitudinal outcomes associated with CAI have generally
proved very positive (Thomas, 197%) . In Jéneral, students using
CAI expregs more liking for their materials than do students not
using CAI.\ Bukoski and Korogin (1975) ri‘brt that students
. showed increased motivation and interest in mathematics after

. exposure to :CAl.. 1In an interesting study of Mex ican~Amer ican
j{nior high students studying remedial mathemdtics, it was found
that students thought the computer was more fair than the teaq’er
because it kept promises and was not seen as arbitrary (Hess and
Tenezakis, 1973). ' )

)

Another consijitent outcome is that CAI can lead to sub- .
. stantial instructional time-savings with no sacrifice in student’. -
learning. Coinparisons 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 beeni;pcious%y questioned
(Clark, 1983). A major methodological aw plagues almost all
of the CAI outcomes studies: There is n ‘control of the instruc-
tional. methods being ‘used wher comparisoMs are madé of CAI and -
traditional instruction. Many different methods of instruction
can be employed and emphagized thrgugh-CAl, and the same {5 jhe

"case with 'trpditional‘ instruqtio In the typicd} compari'sen
-, ‘ \ T *
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~study, a ga cher is asked to p:gkent a given togi; using whatever.
methods shefhe chooses, ‘and whatever amount of time she’/he feels
is necessarfy to cover the material. This "condition® is compared
with an often undescribed CAI treatment of the topic. If either
method proves statistically superior, we do not know why: ~Was.
it the pacing,'intoractlvity, personalization, interest level,
feedback, reinforcement, use of examples, or some combination
of these? 1In most studies, none of thase‘fiftors is either
controlled or examined., : ' %

These flaws have led ohe researcher to conclude: "Thus far -
there are no definitive research investigations?in this area*
of (Feur zeig, 1981) Some have even gone so far as-to suggest. that
no more media co&parison studies should be conducted because *
these studies are neither methodologically Sound nor do they ask
‘the right questions. With respect to methoddlogy, Clark (1983)
and Hanley (1984)\ convincingly argue th&t any new studies should
control for such factors as: 1) content of material prasented
via CAI versus traditional instruction; 32) teachiny methads
employed (pacing, feedback, etc.); 3) instructor presenting.
the material. But Clark contends .that if these factors were
controlled, there would be no differences between CAI and
traditional instruction! His view is that the computer--or
any medium-~is only the vehicle for transmifting instructional
messages and has no impact on the effectiveness.of infstruction.

Like Clark, Hanley (1984) also believes that It is, '"

inappropriate to measure the global effectiveness of CAI. ’
He particularly arques against using traditional empirical

- methods to examine the relative effectiveness of CAI against
othdr instructional methods. Instead, “Hanley sees value in using
the case-study approach to examine the features of CAI and the «§
procedures used to implement CAI that seem to contribute to’
positive outcomes as perceived by uysers. - We should step back
from "black box" studies that identify only the magnitude of
effects, and instead, actording to Hanley, begin identifying
"all theﬂ.SsentiaL-para?egers describing the sugcessful use of
CAIL." 2 ) . ' - ‘

Ome promising avenue fdYr imperdving students’ achievement
is through the use of well-designed interactive-tutorials, . .
While there has been little research on the ways in which these -
tutorials are used or anotheir effectiveness, the characteristics
of this type of Boftware--namely interactivity and branching---
suggest that {t could be extremely valuable. L.
f . - ~ ‘ . . ”

Bork (1981) has been designing and testing such software in ¢ -
both classrooms and public libraries. ¥or example, Bork's module
on statistical ference asks students to determine how many
} junping grasshoppers are in a large field. The student is
‘.’ told that it is not possible to'directly count all of the ,
. grasshoppers and is asked to suggest some alternative  strfategies

; .
. ‘ '
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(estimation and samgL}ng). Through a series of questions, the,
student is led to coufit the grasshoppers in ofe square of the .
screen, then determine the total area of the field and jet an
estimate of the total inumber. To examine the effectiveness and

- 4

usefulness of this interactive tutorial, Bork and his colleagues

sre videotaping groups using the material, and analyzing
participants’ convorsations, emotions, and the way they use the
computer. This renonrch—-which starts by examining actual usage
of the software--may prove much more useful to educators than the
media comparison studies discussed above. ,

N . - !

X ) :% : L

[x] . ¢

Computer-Managed Instruction.

‘Another role for microcdomputers in improving student
achievement comes in its ability to manage instruction, usually -
called computer-managed instruction, or CMI. In this case, the
computer: is no't used to instruct ‘but rather to momitor a '

student's progress and to present alternative instructional
materials to students. Approaches to personalized instfuction,
sometimes cglled the Keller Plan, PSI, self-paced study, or
mastery learning, often have a heavy administrative overhead.
‘Students study different materials at their own rate and take one
of a nunber of equivalent tests to see if they have mastered the
material. Some schools that have implemented such & system do
find that a microcomputer significantly reduces the adminis-
Wative overhead 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 random item
selection and- by producing randomized data for numerical test
Atems. A computer can, of course, also be used to grade tests,
both those phat it makes itself and stahdardized tests. :
Inexpensive optical and mark-sense reader attachments are
availablé fo? microcomputers to speed this process.

" Microcomputer-based CMI of the sort described above’ does not
seem to be widely-implemented for math and science instruction at
“this time. The only commercially available software that support
this application are a few test generator programs of very
limited capdcity. Our survey .of users located only one site
uging CMI. The one respondent was extremely enthusiastic abdut
__this application and felt that it was one ‘of the most important
applicatlons of microcomputers in education.

5
¢

-~ .




C. Software Por Imgroved Teachin Prdductivity
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Computers have much potential to improve learning and
~ increase teaching productivity--but what is the gost? 'As is
‘the case with many educational interventions it is difficult to
assess the costs and weigh them against the benefits that will
accrue to students. Although there is certainly some potential
‘ for reducing instructional cpsts through the use of micro-
: . computers, computers often add to instructional costls in the
, shért run, ‘ , . g>‘
s , School administrators are increasingly aware of the initial -
‘ . costs of hardware and software. However, there are also many
N unanticipated maintenance expenses that represent substantial
' continuing costs of the computer system (Feurzeig, Horwitz, and
- Nickerson, 1981). As changes are made in hardware and operating
f/,~ '~ systems, software often requires updating to run on the new -
system, The co5ts of software maintenance can easily exceed the
a_% original purchase price of the software, o :

]

Another major cost is teachetr training. We have no good
estimates of the costs involved in preparing teachers to use
.computers in the:classroom. As noted above, math and science

- teachers tend to be early adopters of computerized instruction
and are in many ' cases sel f-taught programmers. But using the
° computer for edutational purposes requires more than a '

' rudimentary knowledge of programming--it requires a whole new
approach to teaching math and science. -Teachers need to know
how to 1de"#fy and select appropriate software, how to use the
'software cr®atively, and how to integrate it into the regular
curriculun (or how to change the :oguﬁ§::§urrjc un to take
full advantage of the software). .Learni these skills clearly
requires a great deal of inservice training and the cost of this
training .usually must be assumed by the school system itself.
Ultimately, this expense will be reduced as preéservice programs

’ equip new teacq;;s with sol id backgrounds in the instructional
- " use of computers, Yy the meantime, school systems should be
. prepared to make a substantial investment in teacher training.

It has been suygested that the costs of computerized
instruction may be vffsat by a reduced need for teachers. The
'threat of computers taking over jobs was taken very seriously by

- . teacher unions during the 1960s and 1970s, and union opposition
| was one of the major barriers to the increased use of educational
4 technology (Blaschke and Sweeney, 1977). The realitx ifs that
computers simply cannot replace teachers and are unl kely to
result in the overall reduction of teaching staff. Gfven the best
software can agcomplish only a small number of the instructional
functions 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 c¢ertainly
make teacher’s' work morp efficient. Cost savings can be achieved
through computer-managed instruction (CMI) and computerjized 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 o teaching more

efficient, Good instruction means that a teadher must know the
learning strengths and wealpesses of each student-~-and this can

. be an overwhelming demand. "'Computers can simplify this task by

——

Pinpointing problem areas for individual students. However,
there have been few attempts vy software developers in math
and scigpb& to incorporate such diagnosis. Given the lack of
appropriate software, {t is not surprising that teachers have
made little use of computers as a diagnostic tool. A few .
projects are underway to determine the valie of diagnostic
programs for special education teachers (malouf, 1984), but
little has been done in the areas of science# and math. oo

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 materigls can be learned in a shorter

period of time when it is presented via computer. Simulations
can 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. Wwhile 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. 1In this

way, stulent productivity can be.substantially increased.

One interesting and hidden benefit of computeri zed
instruction may be improved school attendance. Researchers have
shown that high school and community college students who used
CAI math programs had higher attendance and lower attrition

Jates. In the case of the community college, the dropout rate

in basic math went from 60% when'traditional instruction was used
to only 20% when CAI was introduced., These figures should be

i rpreted with caution, because they may be attributable to

a hovelty effect that willgsiminish as studentafbecome more

famil far with computers. t the findings on student attendance
were impressive enouwgh to lead” Braun (1980) to the conclusion
that using computers to aid imstruction "can result in a
substantial gain {n use of the tax dollar to education.”
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oﬁe way in which learner productivity can be enhanced

through compyterized instruction is by coordinating school: .
and home uses)of the computer. As more famil ies acquire home
camputers, {t will become possible to reinforce lessons
ingroduced at school with homework on the computer. Technical

,//,/35£Eation 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 of
time that students have to work on a limited nunber of classroom
computers could be optimized by allocating a larger share of
class computer time to those who do not have home computers and
a4 smaller portion of time to those who can do the work on their
home computers, :

At this point, the costs of computer instruction may seem
high in rclatson to the benefits that have been demonstrated.
Yet the cost Of hardware is rapidly-declining, making cost
figures from recent studies already obsolete, It has 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, 19583)
Technological develomments in both hardware and software.holdt\
definite promise for increased learning at decreased cost.
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VI. A RECOMMENDATIONS
’

2

While microcomputers can play a significant role in
improving mathematics and s¢ience education, they will not do so
unless we make a sustained, conscious effort to make the best uge
of this potential. Teachers m be trained in the effe¢tive use
of microcomputers, software must be developed which utilizes the
unique capabilities of microcomputers, materials and facilities
for microcomputer-based learning must be implemented in the
classroom. Also, avenues for dissemination of {nformation about
hardware and software must be expanded, curriculum must be °
redesigned, and basic research on the use of microcomputers
in schools must be supported: The following sectioXs contain
recommendations for aceéompl ishing these essential tasks.

{

]

.- A. Teacher Training and Support

) L J

. 3

Placihg microcomputers in mathematics and science classrooms
will no¢ 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 micro-

.. computers will only be realized when there are substantial,

changes in the schpe and sequence of instruction itself. T'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--gquided exploration and sel f-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 local,

regional, and federal resources, and which must be implemented
in gradual stages if it Is to be effectively accomplished.

‘For ecdnomic“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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" certification. We highly recommend such actions.

4

“

A ' o . .
& .

faculty., Wwhile it is realistic to expect these local resource
people to f£ill much of the need to familiarize teachers with
microcomputers, a broad base of expertise does not exist at
this 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 mathema-
ticians, skilled in teaching, and knowledgeable about micro- -
computer software and hardware. Because this combimation of
qualifications is rare, the challenge is to d elop alternative
models for teacher training. Possibilities fnclude the develop-
ment of teacher training waterials, training the trafners,
esttablishing regionsl resource centers, andqekploring.;he
‘use of new technologies ln‘teachet'Fraining. o :
W . o o '

. Beyond the local level are regional and state resources.
Many communities are finding it efffrciept to set up collabora-
tives to ful¥ill certain educational needs of teachers, Some of

- these collaboratives have computer consultants, training .staff, -

afid' training facilities where Yroup classes can be held. . We .

highly recommend their use. Unfortunately, such facilities and
expertise are expensive and are<probably out of repch’ to many =

smaller school systems. . ) e S
LY . ) .:‘ "?"' N .
In addition to minimal staff training .on.an ntroductsry
level ongoing&trainingjqns;,be‘provideé: It is.to be expected
that icrocompuger techinolpagy ‘afd uses will continue to change at
a rapid rate and school systems wiuld be wise to build in-house
capabilities in the srea of mié¢rdcomputers, 'Special funding

. might-be Sought to, set up‘Such resources, 'but local school

budgets should evbﬁyuaﬁly support this functlon.”” Staff will be
necessary td monitor new appkications of software and .to train
teachers in the operation 6f such software.,

2

-

i . . ' . &
But it is not just teachers who need to keep conversant with

'software and hardware develomments. Administrators and curricu-
lun planners will play pivotal roles in the integration of micro-
computers into math and science classrooms-and laboratories. It
wil e their-responsibility to obtain hands-on experience with
/microcomputers:-and to apply new research and educational appli-
cations.to their, schools. . v
. . ':" . ]

' ‘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. YSome schools are now requiring such courses for °
. education majors and some states are requiring this for

All teachers arc>ha:éjkmesseg for time. Teachiny is a
particularly demanding occupation and vays must be foyhd to
give teachers sufficient release time for microcomput training

« during the school year or to provide sumher institutes, Many

teachers and administrators contacted in this study mentioned the

3 -
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summer institutes formerly sponsored by the National Science
Fouhdation as being of high quality and particularly worthwhile.
,We recommend reinstituting and expanding these programs.

-k

A ]

. . .
\ Teacher training materials are also urgently needed. .

. Materials used to teach programmers, offite personnel, or
Computer scientists are not appropriate to the needs of teachers.
While ghere are certain computer operations, routine maintenance,
and even programming skills which are needed, we find that these |
are relatively easy \%sboth te'ach and to learn. The difficult .

r

area of ‘knowledge is how to use this flexible creative tpol in
'the classroom. What skills afe best, taught with:computets?

How dges one plan a lesson incorporating computer-assisted
instruction? - What type‘of hardware and, software does & teacher
need to use~ s micpocomputer in a physics laboratory?* What are ¥
the particular ways that microcomputérs 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 areé
almost nonexistent and efforts should be made to develop and
disseminate such-materials. ' ,

We should also look to the neéw techoology itself to provide i
new ways of training. One of the limiting constraints.in <
providing trwining «€or. teachers is the availability of skilled -
trainers. It will take time to train the trainers, but we could
increagse the exposure of existing trainers through the medium of
educational and cable television, throuwgh the use of videotape .’
and yideodisc presentations, and .through the use of well-planned,
sel f-paced software with accompanying documentdtions Many
businesses use this type of technology in their training programs
and much could be learned from their experiences and then applied
N\~ to the design of teacher training courses.: ‘ NE

A significant number of math and science teachers attend .
national and regional conferences such as the onés spporsored :
by the National Science Teachers Association and the Wational ’

. Council of Téachers of Mathematics. Training workshops on the :
§ use of microcomputers are held at such conferences and could
~be expanded. {In addition, many vendors set up display booths,
and actually ;ége mini-workshops on the use of their products.
Tedchers whom surveyed regard these vendor displays and
:the opportunity“to talk with vendors as a valuable source of
» Qnformation, We tecommend that these conferences be expanded and
perhaps subsidizpd1n.otder~£QT;ap talize on vendors' experience
and their commitment to improvihg education.

Finally, there is an even more problematic area in math’
and science teacher training that we havé not touched upon,
The microcomputer is only a tool. Like any 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 scienge
teachers. who are masters 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
74111 never be realized. - ot
° We must emphasize that teachers well-trained and’ confidént
ig their abilities to use microcomputers are thezﬁ§§ to succeks
this area. We must be generous in our support of all teacher
ning programs. Excellent facilities, modern hardware, useful
software, and skilled staff must be provided for teacher train-
ings .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 are‘avoided
in this prjfess. . o :

A

B. Software Development

¢ . ’

]

" The research upon which this report is based has shown that
while tHere are a substantjal number of software titles, the
topic coverage is not uniform, and the quality of the softwanﬁ
is quite variable. while it was not feasible for ug to carefllly
evaluate all of the tttles in math and science as part of this
project, it is clear that some of the software is poorly designed
dnd a large amount of it has limited applicability, Software
that takes full advantage of the medium 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 mlarket low quality software,
whereas it tdkes a concentration of resouxces and originality to
get high quality software into teache:sﬁ'haﬁds.\ We feel that

there is a substantial maturation period during whicg educators,

software developers, distributors, and teachers learn to use the
mediun to enhance math and science learning. As the tﬁihnology
changes, and the hardware:situation in schools 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 software.
development. It means that much of the best software is coming
to fruition as a result of prior national investments in )
development. 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 a dearth of important
new developments in the next five years. , ~ o '

Tﬂere is an ukgent need to reverse this situation by ! >

providing long-term, supstantial 'funding for software development
.in math and science, Enormous opportunities exist in the subject
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areas described in the body of this report, particularly for
developing software that promotes problem-solving. skills and
provides direct experiences with mathematical and scientific -
Phenomena. This software development can be encouraged in a
niumber of ways, both through dicect government grants for ‘.
software development, and indirectly, through policies and . .
Procedures that will encourage the development of high quality >
software. The following recommendations detail how high quality

. software can be encouraged, - C e

‘ t

- § . , ‘ .
" Direct su rt. There &s no substitute for direct,
sustained EInanc?aI support. | We need to bring togédther |
interdisciplinary teams of programmers, scientists, educational
' psycholdgists, and designers to concentrate on the development
of effective software. In order to® attrict the best people,
the funding needs to be adequate to be able to offer competitive

o salaries, and to be sufficiently long-term to allow pro fessignals ~
. to make commitments in this area. .

Some would argue that thﬁétz?ndof federal funding is
inconsistent with the free mark approach to educational .
software. However, we have not seen examples of industry |
willingness to spend the kind of money that is necessary for!
substantial innovations and development. Private enterprise v

. can profit from government investment in software development.

. Procedures have alre@ady bHeen developed and are currently under
refinement ats the National Science Foundation that create a
partnership between private enterprisé, government, and software
developers--a partnership that is fair and providés incentives
for all parties to get good softwdre into the hands of teachers. ’

v ]
N Al

Information Assistance. There will always be important
. segments of the educational software market which are too’
snall to warrant the’allocation of major resources from either
L government or private sources.. For instance, one-can imagine
a powerful software package which could teach the elements of "
. symmetry and group theory to eighth graders throuwgh innovative
use of graphics, software tools, and tutorials. However, at
least in the short run, such a product is unlikely to have a
_ very wide market, It may be exactly what some teachers want
. but appeals to only a snall number of teaohers.

& B
High quality software is needed in many topic areas. As

outlined in the body of this teport, certain math and science

topics are not well covered by software, particularly software

that takes full advantage of the technical .strengths of micro-

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 Curriculad. One of
the majpr barriers to the widespread use of software in education
is fitting it into the curriculum. Software developers should
.“take increased cogqnizance of this. fact, and where possible, 7
~design software that meshds well with existing high quality
curricula. Particularly rich sources of excellent.curricula

" that could be enriched with appropriate software are the major._

curriculum projects of the<f505 and '70s.) For example, good
software would both’enhance and improve the dissemiration of the
NIE-supported Comprehensive Schoocl Mathematics Program (CSMP)
curriculum., The Project Physics curriculum or the Biolegical
- Sciences Curriculum Study (BSSC) are also excellent candidates
for software enhancement, . ‘ ’

DI , ‘ s{ ¢
, Software for Special Populations Very little . ftware . L
. has been developed for special Populqéions,:including'limitéd
English-speaking, physically disabled, and leaxndng disabled
students. The absence of this software means that special
populations are not able to benéfdt from the efucational
advantages offered by computers.’ We recommend that more
resources be devoted to developing and disseminating software '

for' special populations. - ,

* . ’
. ! \s.. v
- ’ ~ N . -

"C. Classroom Implementation

/ - ot

.
- S

- . — e b
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- - - . ‘ A
The availabilitg/;} good educational software does not .
guarantee its widespread use in classrooms. . Schools and teachers
need assistance in incorporeting software into the curriculum.

In some cases, where innovative software offers Rnew learning
opportunities, this may require a major revampinS\of fhe entire
math or science:curriculup. | < .

| It is surprising how little educational software s, in
use in math and science classrooms. Educational softwadre can
undoubtedly make strong ‘contributions and -should be implemented
widely, The following steps would assist in this implementation/
. effort. . ,

1

-8

Increasq School Acquisition of Hardware and Software for
Math and Science Instruction. Most school microcomputer }
implementation seems to be driented towards computer languade
instruction. One feature of this kind of implementation {s that
itirequires little or. no software., As & result, as schools begin
moving computers into math and science instruction, they find-
that they have no money tb purchase“the necessary software.
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-and the donors should be'aware that. the computer is of limited

"quantity of accessible hardware and softwire by vollaborating.
‘with parents and community groups om hardyare and- software - .

- . &8 lendi library of educational software; by ldaning computers,

Substantial budgets should be available in order /to increase N
acquisition of both hardware and .software. When hardware is™
donated by industry or. other private sources, both the schools

r

oums ‘muwp e

' ~

use in math and scicncc without apptapziate software.

Forge Links to tho ﬂome. Schools can greatly increase the -

acquisition and loans. Parents are very eager to buy both

hardware and software .for their children's education. This "
interest can be harnessed and ut{lized by establishing joint
school/parent purchases of hardware and, so ftware, by establishing

afid by establishing computer clubs. Qualified parents can, in
certain circun'stances, be brought in to augment the instruction
and to develop nceded so ftware. .

-

Use Students!’ Programming Abflities. In the future, math

cience insfructors will be increasingly able to assume that
stud nts ow how to program. This represents an ﬁmportant new
educational resource that can be built upoen with the ‘appropriate
curriculum materials. with a knowledge of programming, students
can explore situations that are sore complex and realistic such . .
as mathematical prob%pms in calculus and differential equations.
There is thus a need to develop math and science software that
builds on students’ kn%wledge of programming.

] -

Integrate Software into the Curriculum. In ordet‘;o assist
teachers in selecting approptéace software, the:e is an urgent
need for comprehensive so ftwar'e descriptions and evaluations,»
organized around the curriculum content of math and sc¢ience
courses. For instance, an Algebra I teacher  should be able to
find a few dozen references to software that would help students
learn how to graph linear %guations. is kind of software :
description and evaluation'would make it easier to integrate
so ftware into the existing cutriculun. ' .

r -
Eliminate Software Pfkacy. 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 éndermines morality and is in the long run counter-
productive because it discourages entrepreneur fal risk-taking in
the develomment of new software. .

-
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& . D. Research . .
L3

done on the
racteristics . '

. ' Far too little educational research has bee
cfféctiveness of software ot identifying the ¢
of software that lebd to its effectiveness. e most exciting
aspect of ¢computer tcchnoloqy in math and ence instruction is
that it can permit new curriculum and new approaches to math and
science, gr, large-scale changes need to be supported by
an- active resea h effort. The following kinds of research are
particularly 1mportant at this time.

. * * -

New Technologies. The technology underlying the micro-
computer revolution is sgill very much in evolution. Research
into computer applicatidns that might be feasible in five, ten,
and even twenty years should’‘be pursued actively. This research
‘would be a great planning aid for educators.

.

Beyond Drill. and Practice. A great deal of research on
computer effectiveness has been based ‘on drill and practice
software, or has not made clear distinctions 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 technigues
,and determining the impact of Computerized instruction on these
‘skills. Finally, research is'needed on the characteristics of
‘educational software-that make it sucqessful--~graphics, locus
of control, imteractivity, type of feé&back--or any other

w characteristics that may be in&t;nt.' ot )

- -

Cuirriculum Reséarch. Appropriate microcomputer software
can permit large-scale changes in both the math and science
curriculum. Schools that are ‘willing to un¥ertake curriculum
exper imentt in this area gshould be supported with additional
resources of all kinds to do careful research on the effec-~
tiveness of these new curricula. In’ particular, there are a
number of computational and laboratory applications of computers
in math and science at the postsecondary level that mighty
reasonably be brought into the pre-college curriculum. THe se
include stepwise,solutions of dynamical systems, the use of .
symbol ic algebraic manipulators, microcomputer-baséd laboratory
data acquisition anaslysis, curve-fitting, vector and matrix
algebra, Boolean algebra, and statistics. Applied curriculum
reseafjch is urgently needed -to establish effective and
approériate ways to accomplish the intergration of those

L topics into the curriculum,

P

%



‘_ | -Research on Equity. There is a great need to monitor the
~extent to which we glve students equal access, both”’in terms 3§
quality and quantity, to Ricrocomputers on a-natishwide basis?
There is'a particular need to study the kinds o# software and
educational environments that are appropr iate€“for special needs
students. The appropriateness of software to special populations
needs to be evaluated. In many -cases, good software will work
with special needs students, but teachers and curriculum planners
need to know this and need.guidance.on how to utilize this - A

so ftware in each student's Individudli zed Educational plan,

]

Cognitive Foundations. Research on the cognitive founda-
tions of math and sc ence Jearning and the relationship-of this
learning to the microcompiter's use needs to be expanded. The
properties of microcomputer software, such as fast feedback,
data’ transformation,-and active control, offer the opportunity

to increase our understandfnq of how children learn science while

at the same time increasing our knowledge of the propertieg that
make softwars successful, ' ‘ )
d
‘.f" . . : ; ¢

/ :

*

-

E. Software and Informatfon_Dfésemination

One of the greatest problems repor ted by educators is their
inability to select appropriate software. To correct this
situation, the amount of information about software and its use
in the math and science curricula must be vastly increased and
commun icated to teachers ip a number of ways:

Microcomputer Resource Center pacMicrocomputer resource
centers c provide a very .importa; julti service role, Resource
centers, staffed by knowledgeable professionals and containing
representative software and hardware and a good library, can be’
the site for both educational workshops and individual study.
They can also serve as an important resource for software -

developers and researchers by providing ready access to teachers
and students, '

.
o

/4

L

Software Reviews. There is a great need for more reviews
of math and science software, especially comparative reviews:
8nd reviews based on classroom experience. It appears that
many teach€rs do not read specialized computer magazines. we
recommend that’' math and science journals that are widely read
by teachers should publish more software evaluations.
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Information Exchange. While databases of software
evaluations do exist iIh electronic form, thHey are used by dnly
a few educators., Thistis probably because the information on
the database is seldom more current than what can be obtained
in print and because in each case it is generated by a single-
information provider. A more appropriate use of electronic. '
communications would be to establish a mechanism that would .
'‘permit decentralized input as well a output of computer software
information. A single database coulld be used to store infor-
mation about individual ‘school software holdings, research
citations, and. user-contributed evaluations and. information. .
.The database on which this report is hased has been structured

so that it can be used in such a way. :

»

Information for Small Develgpers.. The information needs of
" small software suppliers should Ee met so that they can dissemi-
nate their products, An interesting model for this is the .
federally-sSupported Market,ginkage<§:oject which supplies this
kind ofynformation for developers 8¢ computer aids for hand i~
capped students. : R o AR . co

Altetnative Software Distribution-Channels; The dominant
mechanisms for distribution of software at this.t'ime. involve
the comgiercial sale of protected software ‘or the shar ing. améng
professionals of public domain software. Alternatives to these -
two mpdes have been tried and need further‘encouragement. These
alternatives provide low-cost ways of getting reasonably well- |
documented software into teachers' hands, ‘and usually involve
collecting, testing, and documentin teacher~-developed materials..
Project Seripham. has done this for chemistry software, the Atari
Program Exchange ha# done it for' Atari so ftware, CONDUIT for
science software, and MECC for 2 broad rfange of topics. Each of
these efforts has provided an important.source of so ftwate that
otherwise would not be accessible to teachers. Efforts such as
‘these should be expanded ani.replic&ted. :

°

Use of Generic Software Tools. One.of the most promising
approaches to educational computers is to make extensive use of
a few general-purpose tools such as graphing, ‘modeling’, and data
acquisition utilities. By using these general tools in math and.
science instruction, students gain an appreciation for the way
computers are used in the larger world. A number of problems
relating to software acquisition and local dissemination are
simplified. 1In this case, the ‘problem is not disseminating the
software, but rather disseminating ideas on how general-purpose
software tools can be used in teaching. ’ .




R, COnclusicné. : ‘ . ;.

-

v e ‘ '

While microcomputer software holds great promise,.its use in J

. mathematics and science instrugtion in schools is in its infancy.
BASIC programming and drill and practice are the most widespread

Current.uses of the technolgoy. Only modest, scattered instruc-

tiongl'hnp:ovemon:s can be expected by extrapolating current
trends. e 3 , S -

resqurces at all levels, substantial ingtructional improvements
are possible.,gtb_rcalizé these improvements, there must be major
efforts to enhance. teacher training,; to develop better software,
and for teachers t¢ acquire and use appropriate software. 1In

. addition, there is a need for research on computer-related
learning, development of new curricula, increased software
evaluation, better dissemination of software information, and
response tq ‘the equity issues raised by microcomputer use.

-.xhoueGet, with a major commitment :fgpublic and.privaée‘
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~ MATH AND SCIENCE SOFTWARE VENDORS - -
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\“
Math and Science Software Vendors
. v\ . ‘1 -
3R Software Athena Software
P.P: Box 3115 w 727 Swarthmore Drive
Jamaica, NY 11431 Newark, DE 1971}
] a * 2
‘'A.U. Software . Avant-Garde Creations .
f.0. Box 597 ' P.0. Box 30160 . ~
Colleyville, TX 76034 . Eugene, OR 97403 » \
\§~  Abbott Educational Softwaré  Basics & Beyond v
334 Westwood Avenue ‘ Box 10 | '
E. Longmeadow, MA 01028 - " Amawalk, NY 10501
Academic Software ' _Behaviomal Engineering ' | '\\»
Y 22 Fast Quackenbush Ave. 230 Mount Hermon Rd. Suite 207
| ‘Oumont, NJ 07628 Scotts Valley, CA 95066
Acadbmy'Software ,Bertamix$wzn;- . .
P.O. Box 9403 101 Nickersdn. Suite 550 ¢
san Rafael, c| 94912 Seattle, WB98109 : . ,
7ﬁ%§§ Acorn Software Products Bipacs T
€34 North Carolifia Ave. S.E.. 33 West Wadnut Streer . |
Washington, DC 20003 , Long Beach, NY 11561
Active Systems, Inc. , BLS/Random Hcodse, Inc. N
Box A-187 400 Hahn Road
Hanover, NH 03755 . Westmingter, MD 21157
Jﬁ’ Addison Wesley Publishing cCo. Borg~Warner Educational Systems}
South Street + 600 West University Dpive
Reading, MA 01867 Arlington Hts., IL 60004
e AdminAid MicroSoftware arainaagk, The. ,
: 886 Bransford Court 220 Fifth Avenue, Dept. A 4
. .. ““Fairfield, CA 94533 Avew York, NY 10001, .
o ' } o
Adriak vance Productions Cactus Software
\ . Box 49210 , 1442 North McAllister
Los Angeles, CA 90049 Tempe, AZ 85281
¥
\& Aquariuys Publishers, Inc, Cambridge Development Labs )
‘ P.O, Box 128 - - ‘ 100 Sth Avenue -
Indian Rocks Beach, F1 33535 waltham, MA 02154
Atari Program Exchange Classic Software Productions
155 Moffet Park Drive B-1 7566 John Avenue P
synnyvale, CA 94086 ¢ S§t. Louis, MO 63129 g

~
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Math and Science Software Vendors

[

Color Software Services Concépt Educational Software

. P.0. Box 1708 P.O. Box 6184
Greenville, TX 75401 Allcntcwn, PA 18001
Colmaldor. " Conduit
P.0O. Box 356, Postal Stltion O P.0. Box 3B8
Toronto, Ontaric MAA 2N9, Iowa City, IA 52244
CANADA

Comm'oata chputer House ° Cove View Press
P.0. Box 325 . Box 810
Milford, MI 48042 ' Arcata, CA 95521 .

. Compress Cow Bay Computing
P.O. Box 102**1‘\é Box 515

Wentworth, NH 33§ Manhagset, NY 11030
Compu~Tations ', ‘ Creativé Publications
P.0, Box 502 -"-':‘,-, .'.' P.0. Box 10328

Troy, MI 48099 T » Palo Alto, CA 94303

Computerx Céu:scware Services Cross Educational Software
300 York Avenue +/ P.O. Box 1536
St Paul, MN 5510? Ruston, LA 71720

Computer Island l J;Curriculum‘hpplications

227 Hampton Green P.O. Box 264
Staten Island, NY 10312 Arlington, MA 02174

Computer Learning Center for Children
1775 East Tropicana Avenue
Liberacé Plaza #8

*

Las Vegas, NV 89109 * “ 2

-
Computer Resources Inc.” CRI Cybernetic Information Sirstems
Route 4 : Box 9032 Upper Union
Barrington, NH 03825 Schenectady, NY - 12309
Compuware Data Processing Consultants
15 Center Road 3 2405 San Pedro,’N.E.
Randolph, NJ 07969 Albuquerque, NM 87110
ComQuest Datatech Software Systeams
221 East Camelback, St. 1 . 19312 East Eldorado Drive

2hoenix, AZ 85012 * Aurora, CO 80013
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Math and Science Software Vendors

e
Davidson & Associates Educational Computing
6090 Groveocak Place #14-C 3144 valentine Court
Rancho Palos Verdss, CA 90274 Oakton, VA 22124
. Demi Software _ : ' Educational Courseware
6 Lee Road . B 3 Nappa Lane, Dept. GT
Medfield, MA 02052 U Westport, CT 06880
- E
Desert Sound : Educational Materials & Equipment Co.
16268 Main Street Y P.0. Box 17 ‘
Hesperia, CA 92345 © Pelham, NY 10803 (
7 - -
i
Dsvelopmental Learning Materials  Eduational Micro Systems
One DLM Park ,/ P.O. Box 471
< Allen, TX 75002 . Chester, NJ° 07930
" Dickens Data Systems ‘ * Educational Soffware .
478 Engle Drive P.0. Box 746 ¢
Tucker, GA 30084 : Mc Minnville, OR 97128
v Digipac Computer Consulting Educational Software & Design
. 907 River Street East P.0. Box 2801 -
" . Prince rt,Sasktchwn, S6v OB3 Flagstaff, AZ 86003 ¢
CANADA | ,
Earthya:e Computer Services Educational software Marketing
P.O. Box 30039, - . 1035 Outer Park Drive, Suitd 309
Eugene, OR 97403 i _ v Springfield, IL 62704
Edco ) Edupro
P.O. Box 30846 " P.O. Box 51346 Py
Orlando, F1 32863 Palo ALto, CA 94303
Edu-Soft EduTech, Inc.
4639 Spruce Street ( 634 Commonwealth Avenue
Philadelphia, PA 19139 Newton Centre, MA 02159
Edu~Ware éerviens, Inc. Edutek Cofporation
P.O. Box 22222 ) P.O. Box 11354
Agoura, CA 91301 : Palo Alto, CA 94306
Educational Activities, Inc. Encyclopedia Brittaniga EducationalECorp.
P.0O. Box 392 _ 425 N. .Michigan Avenue
Freeport, NY 11520 . ' Chicago, Il 60611 .
Educational Computnr Systoms Fullmer Associates
136 Fairbanks 1132 via Jose
Qak Ridge, TN 7830 San Jose, CA 95120
. Y ‘ “
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“ . Math and Science Software Vendors

Generic Softwhre
P.O. Box 790 A
Marquette, MI 49855

w

Georgc Earl
1302 s. General chnllen '
San Antonio, TX . 78237

H.E.L. Labratories

95SA Halls Croft.
Freehold, NJ 07728
Hartley Courseware, Inc.
P.O0. Box 431 ~
Dimondale, MI 48821

Hayden software Company
600 Suffolk §treet
Lowell, MA 01853

High Technology Software Products

P.0., Box 60406

Oklahoma City, OK 73146
Hugh Ward ) ;
P.0O. Box 3412

Deland, FL 32720 \

T
Human Relaticns Media, Dept. s
175 Tompkins Awvenue
Pleasantville, NY 10570

Ideatech

" P.O. Box 62451

Sunnyvale, CA 94088

Indian Head Software
1002 Indian Head Drive
Snow Hill NC 28580

Information Unlimitbd Softwaré
2401 Marinship Way
Salsalito, CA 94965

Instant Software

Peterborough, NH 03458
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Internfational Software Marketing
120 E. Washington Street -~ 421
Syracuse, NY 13202

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

J & S Software E .
140 Reid Avenue T :

Port Washington, NY 11050

J. B. Hirsch ~‘

225 Duke Ellington Blvd. #i4h

New York, NY 1Q02S

Jaﬁes P. Birk-

Department of Chemzstry, Arizona State Univ.
Tempe, AZ 85287

Jensen Software
1440 Rockway _
Lakewood, OH 44107

JMH Software of Minnesota, Inc.

. 4850 Wellington Lane

"Minneapolis, MN 55442

Johnson Software
1200 pale Avenue o
Moutain View, CA 94040

Krell Software
130 Stoney Brook Road
Stoney Brook, NY 11790

L.I.F.E. Software Ltd.

c¢/0 Richvale Telecommunications
10610 Bayview Plaza, Unit 18
Richmond Hill, Ontario 14C 3NB ~
CANADA -

Lane Robbins Computﬁghprograms
RD #3 Box 365

Cortelyou Lane

Sommor:et NJ 08873
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Magp and Science Software Vendors

lavrence Hall of Science

- Math/Computer Education Project

1

University of .CA
Berkeley, CA 94720

The Learning Company
4370 Alpine Road

Portola Valley, CA 94025

leaming wWell
200 S. Service Road

Roslyn Heights, NY 11577

Little Bee Educational Pfogtams

P.O. Box 262
Massillon, OH 44648

Little nius Ltd.

Albany House, Suite 504 -

324 Reqpn Street
london, Ontario W1R 5AA
CANADA

M-R Information Systems:

P.O. Box 73
Wayne, NJ 17470

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

Math City/Mathware
919 14th Street

. -

Hermosa Beach, CA 92054

Math Scftwaxe
1233 Blackthorn Place
Deerfield, IL 60015

MCE, Inc.

157 s. Kalamazoo Hall, Suite 250

Kalamazoo, MI 49007

MeGraw-Hill - EDL

1221 Avenue of the Americas

New York, NY 10020
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McGraw-#ill/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 SOftwaie, Inc.
P.0, Box 791
Anocka, MN 55303

Marcer 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.O0. Box 2134

Noxth, Mankato, MN 56001
Micro Music

Musitrdnic?® Inc. Distributor

555 Park Drive - P.0O. Box 441

Owatonna, MN 585060

-~ <«

Micro Power & Light
12820 Hillcrest Road # 224
Dallas, TX 75230
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- Math and Science Software Vendors &
]
s
’ ' Micro~-Ed, Inc. Orange Cherxy Media

A P.0. Box 24156 7 Delano Drive '

[ ‘ : Minheapolis, MN 55424 Bedford Hills, NY 10507
Microcompu;e: Software Systems Professional Computer Systems
4716 Lakewood Drive ® 3187 Lincolr’ court

" Metairie, LA 70002 . 'Bloomingdale, IL 60108
Microcomputc:.Worklhbps. . Programs for Learning, Inc. ‘
103 Puritan Drive P.O. Box 954
Port Chester, NY 10573 New Milfo:d,VCT 06776
MicroGrams, Inc. ' ,  Project COMAL
P.O. Box 2146 ' Commack Public Schools
Loves Park, IL 61130 * Hauppage Road
‘ Commack, NY 11725
) Microphys

2048 Ford Street N
Brooklyn, NY . 11229 ‘ o
Milliken Publishing Co. Project LOCAL Software
1100 Research Blvd. » . c/o Dresden Associates

St. Iouis, MO 63132 P.O. Box 246
S ' Dresden, ME 04342
Minhesota Educational Compdting -
Consortium
2520 Broadway Drive ;
St. Paul, MN 55113

Modtec T | ‘ Quality Educational Designs

4144 N. Via villas 2924 N.E. Stanton

Tucson, AZ 85719 Portland, OR 97212

Monument Computer Services ' Ran&om‘ﬂouse

Village Da'h Center 201 East 50th Street -

P.0. Box 603 New York, NY 10022

Joshua Tree, CA 92252 - »

'MUSE Software Readers Digest Services

347 No. Charles Street o Educational Division

Baltimore, MD 21201 ‘ - Pleasantville, NY 10022

National, Software Marketing Redcomp Services

4701 ‘McKinley Street 624 West Chenango Road

Hollywood, FL 33021 Castle Creek, NY 13744.

-NCCCD~National Coordinating Center Reston Publishing Co.,Inc.

for Currlculum Development 11480 Sunset Hills Road -

State University 'of New York Reston, VA 22090 e
-~ Stony Brook, NY 11794

¥
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Math and Science Software Vendors

-

!

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

Robert Baker Jr.
5845 Topp Court
Carmichael, CA 95608

Robert Davis and Associates
3355 Lenox Road
A;lanta, GA 30304

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

Scheool & 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 Diversey Parkway
CHicago, IL 60614

Softwa:e Industries
902 Pinecrest
Richardson, TX 75080

Solartek
P.O. Box 298
Guilderland,NY 12084 “

SouthWest EdPsych §§rvices
P.O. Box 1870
Phoenix, AZ 85001

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

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

. - 122 -

Teacher's Pet

Sunburst Communications
39 Washington Ave. Room VF41l4
Pleasantville, NY 10570

T.B.E.s.:.s.
P.0. Box 147
Garden City, MI 48135

T‘.I.E.s. . A}
1925 wWest County Rd. B2
St. Paul, MN 55113

Taylormade Software
P.0. Box 5574
Lincoln, NE 68505

c/o Glenn Fisher
1517 Holly Street
Berkeley, CA 94703

The Teaching Assistant
22 Sfeward Drive
Hunington Station, NY 11746

Teaching Tools Microcomputer Service

P.0. Box 50065

_Palo Alto, CA 94303

Teck Associates
P.0O. Box 8732

‘White Bear lLake, MN 55110

TYC Software

40 Stuyvesant Manor

Geneseo, NY 14454

Tycom Associates
68 Velma Avenue
Pittsfield, MA 0120}

Vernier Software
2920 §.W. 89th Street
Portland, OR 97225

' Versa Computing, Inc.

3541 014 Conejo Road #104
Newbury Park, CA 91320
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’ : APPENDIX B
THE_FUTURE OF COMPUTERS IN SCIENCE EDUCATION:
. AN IMAGINARY DIALOGUE

by Harold G. Peters

+
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" In the following, an anonymous . quektioner ' enghges Hal ‘Peters,
BP, in an imagipary dialogue congerning tHe future role of
computers in education, with special emph is on scienge
education. In the course of the dialague, criteria for new
science curricula in a computer age come QP light...\

\ o ) . o

QU: What's. all the excitemenc about computers in nduc tion?

HP: The computer id&:evolutionizing the way\we handle

: information. Since the stock in trade df educatio
information, the computer promises to. :exolutionih
education.

: ! : ' ) .
QU: But every new wave of technology is hailed as a saviér of
education. Look at televigion; it has completely \
transformed communications technolody, and yet what hgq it
done for educatian? ‘ ‘ ) '
HP: I have two reactions to that. First, I would argue "that
television has had 4n enormous effect on education -~
just doesn't happen to have occurred in the ttaditional\
structure of the educational institutions. Second, amd"
-~ important, I think most thoughtful observers will agr
the computer has tremendously greater potential to affect
edicational practice than television ever had.ﬁ

/‘;
SESS NINE GENE SUNR SANR SNEN NI SN BN At meuw

QU: Why is that? what is so special about g%e compu;er?

HP: The single most distinguishing characteristic of &he
computer is its interactiveness. With so much of ‘what we do
in education -- and 'this -certainly holds Agr many of “the
real failures @f inatitutionally-based educational
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 student is
almost continuously active: responding to questions, making
inquiries, or perhaps creating new program code of his own,

\

. \
'
\

o

QU: You spoke of a revolution. What are we moving from? ‘What
" are we nmoving toward?

| - 124 - .
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BP: In Thomas Kuhn's The Structure of Ssinn:iﬂn 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 gducation over

d the last couple hundred years at least has featured the

classroom, the teacher, and the texgbook, where the teacher
hasibeen the chief actor, and the textbook has provided the
script.

-~

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

BEP: - 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.

!
v '

OU; What of the teacher and tbe classroom? Won' t the computer
x affect them too?

AP+ Of course. Some are p:edicting 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. ¢ ,

\ é
) [}
QU: You're speaking of the social skzlls that students learn in
- school? '
BP: Not just that. There's a great deal to be gained, too, from :)

the interactions among different 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
pdradigm? .

BEP: Not at all, in my estimation. 1In the o0ld paradigm, we saw
the teacher taking the lead role in the educational process,
following the script provided by thé textbook. In the new,
I think we will more frequentl]ly find the teacher

with students as a learner, using the computer as a tool to
actively explore the subject matter.

&~
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-QU:

BP:;

QU:
_BP:

QU:
HP:

{
1
\

-

Okak, 8o the computer doesn't replace the teacher. Does ﬁt
replace the textbook? Does it then provide the script in
the new paradigm? Or is there no script? !

I think we in education have learned from our sgperiencﬁﬁﬂ:
with so-called "discovery” learning that unquided 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 ad part of the new paradigm, and I wvon't be
sugprised if in most cases it is provided by a textbook.

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.

You could well haéé inferred that from what I said, but th;t

is pot precisely what I meant. Lét me try approaching it a
little differently. In the present educational paradigm,
the vverwhelming 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 process. The emphasis will be on acquiring
akills, 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 '
of the new paradigm.. :

-

-~

There's still the mattef’of the script.

That's right. But in keeping with the paradigm shift, the

Rew scripts must focus on process instead of content: they

nust-guide learners -- students and teachers together --
through activities, frequently utilizing the computer, that

sharpen the learners’' skills at learning.

- t

o

It sounds like we need a whole new genération of textbooks.

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

Can you cite a particular example‘that would illustrate?

One software package/fhat virtually everyone familiar with
the new personal computers is aware of is Yisicalc. Here is
software that was created for a non-educational purpose, of

133
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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. ' '

L

QU: 1Is there an example that is closer to education in its
original purpose? . ' S

HP: 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 teacher. While this pagkage is becgging
very popular with calculus teachers, I think it could .
even more popular with their gstudents, if the appropriate
script were provided, detailing exercise after exercise that,
applied these general-purpose support programs to specific

topics in the calculus course.

‘w-‘
.

]

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 canithey teach if they are ndt trained?

estions, but I must digress a bit in ' *§§

BP: .Those are all good q
order to_answer. The¢ central, most salient feature of our
modern séciety is . Assuming that the purpose of |
formal education is to 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
déealing with change. This'in turn implies that the graduate
will be ‘capable of continuing his education, learning anew
to cope with his environment as that environment continues
to chapge.‘ o oo

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

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

i
¥

QU: 7Tt just occurred to me that the computer has a curious role
her¢. - Isn't it a major contributor to many of the changes
that are now in process? . o

HP: It ceréainly is. S0 as educators we must address the ,
computer as one of the impoftant phenomeng for our students
to be introduced to. But because it is such a powerful -
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BP:

~ computer is’ heightened even further.

.you are talking about¥

‘beo"‘ sy
K

‘. ;

%,

Gevice fo:ythe ngnggulatidn of information, the computer

- promises to be an ‘importart-part of the .solution.

- N
-

fit seems that for science education, thq“significancg of the

‘Yes, I think sb. Sclence educators espouse a dual purpose: .

to prepare all graduates for knowlegeable participation in a
high-tech society, and to help prepare a select few for
careers in Bcience. Since computers are sich a prominent
feature of the new technology, it i5 imperative that all who
vant to fully participate be computer literate. And
computers have-.become an especially important tool for
scientists, so for the science career-bound student,
computer literacy is doubly imperatizg.

i

f

"' But isn't .it 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‘tyg cqppnter? . ~ .

"Id'fact, it is in the #ciences that the most promising

educational applications of computing hate thus far been
demonstrated. et ‘ .
. .

‘

.
s
f .

' Well, we've all heard of dril{éand practice, tutorials,
b

simulations and games, etc.

-

that the sort ¢of application

. Thatis it, but only in part. In the context Qf what we were
- discussing earlier, each of these types of educational

computer usage needs to be viewed in a little different

light. Most of these types of application have only

scratched the surface in terms of hoq\effective they could
;:—/ﬁ , " s ‘ ‘ . . . . ./‘

’ t
“ \ 14

Why don't you get more spebific. I have seen computer-based

"drills that help students learn the symbols for the chemical

-

elements. What more fan be said about something as
straightforward as that? :
There are at least two major. points to be made -here. Pirst,
such drills as ydu refer to are almost always handled in a
non-optimal, non-individualized manner. While thete is
still much to be researched concerning optimization, some
important principles have evolved from years of experience
at, stanford and Illinois (PLATO). Using these ideas, drill

- .
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“

$

authors ‘couldMeven today be producing drills that would be
much more efficient for student learning.

The second, and perhaps more.crucial point relates to our
’ / earlier discussion of the need for formal education to lay
- the basis for lifelong learning. Much more valuable to the
student than the facts that can be mastered through use of a
specific drill would be the skill for constructing the
student''s own future drills whenever the occasion might’
demand some facility with a given body of ;factual

-

information.

+

QU: It sdunds like we jhave a“clearly defined software need here:
. “drill routines that incorporate the best that is known v
regarding optimization techniques, and that allow students
to provide their own lists of facts.

. o ~— : N
HP: Right, but we should say "learners®™ rather than "students"”,
& ' : both to imply that learning will hopefully continue beyond
-one's student days, and -- once again -~ that teachers will
be joining together with students in the ' learning 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. 4
/4 , @ i
QU: Let's move to angther of the more common educational
~ computing applications, the simulation. This seems to have
been a very popular application in the sciences.

. BP: Of course! What could be a more natural application in the
. sciences than to allow studepts to go beyond the confines of
the laboratory or field investigation -~ which may be
inaccessible, too costly, dangerous, or time-consyming

anyway -- and‘to,carry out as many simulated investigations, - "

as they may lik®, focusing throughout on the*
problems of experimental design, hypothesis testing, etc?

QU!I That sounded a bit sarcastic. 5
- BP: Well, the problem is that it just doesn't work oufithat way
most of the time. As beasutifully executed as many
simulations are, the typical student simply doesn't know how
to make good use of them without guidance.

. QU: -~ It §ounds like we are talking about the need for scripts
§§k again. Can you give us any illustrations here?; ‘
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HP: One of the best illustratfons I know is a genetics
Simulation called CATLAB. It allows students to produce
litter, after litter of kittens, with coats of midny colors,
displayed brilliantly on the computer. As a bare computer
program, it would probably entertain many students for a

vhile, but it would be a rare student who learned much
genetics from it, B .

Thankl'EU'a"eoniciin£1§ui_§ﬁfh6r}“Bowévéf;“i”ﬁery éomp1ete

script -~ in the form of. printed guides for the student and
teacher -~ is provided. Following these quides, student and
teacher 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
& great deal about the méthodology, 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 gsociology of science, as they .
co%lectively wrestle with which hypotheses to accept and
reject. ' C - : ‘

simulations in science education, but let me bring up just
one point.that touches on another important area of need.
Practicing scieptists in the course of their activities
‘frequently rely on tag computer in constructing models of
natural phenomé€na they are studying. Students can
profitably be introduced to this model~building activity,
both 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.

HEP: There's a great deal more to be said about the use of (::

QU: Can youdbe a little more specific? How will facilfity with.
Computer-based modeling help a person in solving problems?

BP: Consider a homely little anafggy. 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 squZion.

I envision future problem solvers routinely builfing
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 beyoffd this, once the problem is modeled, the person
trying to forge a solution can try all sorts of "what if?"
types of scenarios, exploring tentative solutions and their
consequences.
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QU:

BEP: |

QU:
HP:

QU:
BP:

. .
*
P
' .
., s
4 R
. .
. .

- I can see the utility no&} bu£ where is the eduéational ’ ’

need?

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. q')

But.-. * | ‘ .

You are cornect 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 systemg that are compatible with the nature of
problems that le are trying to solve.

’
?

That sbdnds like djpretty aﬁbitious agenda. Can you bring
it back down to earth at .all? ~ . _ ‘
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 podularize problems into small manageable

chunks that can be handled with small, self-contained

. A second example is the version of DYNAMO =-- ~
‘Forrester's simulation language ~-- that is now available on

small computers. And happily DYNAMO comes wifth the kind of
script for educational use that we were talking  about .
earlier. ©

So the need here is for more LOGOs and more DYNAMOs? ‘

Yes, and for many more scriéts that lead learners through

more varieties of problems to which these languages can be
applied.

}

v R
5

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

0
Not quite. There's still one more point to be made that has

very broad implications across the science curricula. Wwe

can get at this point by considering one of the common
simulations of projectile motion that have students fire
simulated missiles at simulated tatgets. .

-
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QU: f§u~nean the type where I can specify a starting velocity .
. for the projectile, as well as an angle of inclination, and R el
then follpw its trajectory to where it strikes? l
HP: 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 on earlier, that is,  studeénts can uge the
- Simulation to become a lot more familiar with a pPhenomenon
that is rather difficult to study closelg\in its natural
form. They can bcco:;‘:gxy familiar with'how starting

*

velocity and angle of lination qualitatively afféct the
trajectory before the¥f ever try to tackle the abstract form l
of these relationships, as embodied in mathematical
equations. The cond purpose is just the other side of
that coin: they tan use the simulation to study the ,
mathematical equation itself, watching carefully just how l
the trajectory changes when different parameters in the

‘  equation are varied by different amounts. —

A ) ‘ ’ . . . t. ' ) w

QU: Once more I see the utility of what you are describing, and ' ]’ ,
once more I must ask: @here is the educatignal 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,
simulations -- supplemez::a by printed or on-line scripts --

4

can be effectively applied to just about every major topic
that is or ought to be addressed in the school science '
curricula. We need whole new science textbook geries that

invoke the computer at virtually every turn. I have

emphasized simulations at this point because of their great l
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 geem applicable across all ‘the
A different sciences. Do you feel your observations are also
7 applicable at all grade levels?

HP: 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 from the compq(:::\\\
, 139 _5

o D - 132 -




QuU:

BPi

HP:

HP:

Qu:

gP:

"the new textbook., '

cy

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. '

&

\

f

Do you envision the new materials being used in preservice
trajning for teachers, as well as in the elementary
classrooms themselves? _ »

The preservice use is the most'critical, because this is .how
we are most likely to bring the new educational paradigm
into being. |

5

It seems to me that producing these new curricula will be
enormously expensive. Can you give us any idea of the
likely costs?

Let's go' back to ARBPLOT to try to pgbvide one benchmark. I
have impliéd 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

)

\
/

$o we are looking at 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?

That.is always a dangér, of <ourse. To avoid that, we need
to be constantly vigilant that we are designing the new
materials in haxdware~independent ways. ‘

I guess that coyld lead into another whole dialogue of its
own. .

That's rIgkis -
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. | SOURCES OF SOFTWARE INFORMATION

SOFTWARE REVIEWS

)

-

Thiz listing 123 Timited to Publications whoge primary
BUurpose 1340 provide review and evaluation of software. 1In
addition to these sources, many computor-related periodicals
reserve a section in each 1g2sue for eval uating new aoftware
products.  See the Periodl cals Tistimgs For computer magazines
And newsletters and note that those Wwith an amaterisk are also
souraes for _gourseware review. . . ;

H

r )

Courseware Report Card. 150 West Carob Street, Compton, CA
annyan 5 iasues/vrar. In-depth dosceription and nviilyation.
Average 2025 'reviews per itsme. ’

The Digqest of Software Reviows: Fducation /0 School and
Home Courseware. Tnc., 1341 Bulldog T.ane. Sultesc, Fresno, CA -
93710.° 4 tames/vear.  Abotraces FOVIOWS of 8N educst tona)
SOftWAre Lackages 1n cach tomie,  Aceianes grade Teysd . BRI
descriptors, Sears and Library of Congress sub lect heacdynqg,

Duorak’s Softwrs Review. 704 Sotano Avenue, Athofly, CA s
4706, 8 iogues/year. Averages 2-5 roviews periasue.  North Star
softwarn . .

-~

. ‘ ‘
FEPTIF_and Conzsumers Union Micro-Courceowire PRO/FIIYF. and

Fvaluation. EPIFR Institute. P.O., Box 620, Stony Drook., NY ‘
L1730, Bazie packages for software and hardwre Aavaluation are
updated monthly with 2--4 page evaluations sent with MICROCRAM
Nowslntter )

-

The Journal of Courceware Review. Apple Educational

~. Foundation, 20525 Mariani Blvd., Cupertino, CA 95014. In-depth
evaluations. Contains photo of Tmereens from the programe.
Average about 21 per issue. 2-4 Paqges 1n length. Apple software.

.

MicroSIFT News. MicroSIFT. Northwest Reqgtona) Educational
Iaboratory. 300 £.W, Sixth Avonue. Portland, OR 97204. Analysis
of field-tested software. Averaage 12 por izue., one-nalf page in
lrsnarh, A
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Pipelipne. CONTRIIT. Univorsity of Towa, an 20, Towa City,
IA 52244. 3 issues/year. Primarily ro]ieqo level . Average 8
reviews,.1.0or 2 pagess in length:

80 _Softwarce Critique. P.0O.. Rox 134, Waukeagan., II. 60088, 4
1300608 /VPar Offors rating scale 1 100

Sof twarg prtgg Mi rggo;m Review. 8§20 Riverside
Avrnue . Westport, CT 06880. 4 issues/year. Average 2-6
reviews. 6-10 paqges in length.
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Other _Sources of Software Review
i

‘ . . r]
apd_Information: On-l.ine Databases

. o~
& ' ' .

Various cearch services currently available provide
deseriptive and evaluative informition about edicat1onan ,
Coftwire. Some of these dotabases aloo merve A% a mechanism for
user communication., ' '
Ribl tographic Retrieva) Service:s (RBRS)Y '

Fducation Service GCroup ' f
1200 Route 7 . ' ) '
Tatham, NY
(518 703-1161 ' : 4
. Among BRS‘ more than S0 files are several of particular use
'n locating scoftwire information: Sohool Practices Tnformation
File (SPIFY 1igts over 1,500 educational sofrtware desoriprions \

including the MARCK and MICTOSTFT catalogs: Rerources {n Computer
FAucation (RICE)“wontatns over 2,000 COUrmewnre ‘descriptions with
Northwest Reqional Fducation:il laboratory (NWRFT) avaluations for
annroxfhntely 10% of the packages. and NDISC. which Indexes 17
romputer and educational cOmpPUt Ing pertadicals For anfrware

. rPviews as w#l as articles of gencral intersnt.

DTALOG Information Sorvices )
3R0 Hillview Avenue

Palo Alto, CA 94304’

(800)Y 277-1927

]

»

Over 150 databases can be searched on NDIATOG including the
Microcomputer Index which indexes 28 educational and rersona)
computing magazines fully and provides parttal roverage of 10
more business and educational Journals for reviews of sofhw%re
and peripherals as well as reports and articles. The Index =
also gvailable ag a quarteriy publication.  The Internal Software
Databacze (ISD) 1iusts decoriptive fnformation provided by vendorzs
on zoftware avatlable for micros and'minis,ALFbr a oearch fee a
uner can have ISD conduct the aearch for he him by writing or
Calling OneStopSoftShop, 1520 South College, Fort Colling, CO
0724, (303) 482-5000 or (800) 525-5386/, ' Bovh ;-% Microcomputer #
Tndex and ISD can be searched on DIATOG s Know! edde Index. the
nighttime and weekond service.

145
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The Flectric Software Finder :
Technica) Education Research Centers
‘ 1696 Massachusetts Avenue
Cambridge, MA 02138 .
(A17) 547-2890 -7
" Thi's free service providea descriptive information on over
1,700 K-12 ‘math and science software packages drawn from Dresden

Aaaneiates’ The Softwire Finder and from oriqinal research
funded by the U.S. Department of Fducation. ‘ -

PC Telemart

P Mearinghouse Tne. Publizhors .
1178Y Ieoe [Jackzon Hinhway . .
Fairfax, VA 22022 - )
Avarlable at retailers

This on-line shopping service lists over 20,000 zoftware
applications.  Approximately 8% of these are in the oducation
field.  Acount of the 7th edition of the PC Clearindhouce .
Directory found 112 math listings and over 80 sScience packaaes

*

Soroearch :

Sofscareh Internd on Tne.

DO Box 8274

an Antonio, TX 2N

(512) 240-8738 : ‘
T (ANDY 531 -83K§

- ; ) -

) i For a vearly fee, subscribers rereive up to S search
reports, updated quarterly. Individual, one~-time searches are
A1z20 avatlable on a Single-fee barmtz. Sofaearch provides
coverage of all xinds of moftwire incltuding packaqes for business
- ind general applications. .

4 \
-~

'\s Software Search
- foftware News
\5 Kane Industria) Drive

‘Thadzon, MA  D1749
T %A1 562-93D8 . .

The zoftware database of Software Nows is acrencible on
ne-time bagis and covers a range of applications packages..
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" ' \‘ Software Diroctories .

-
w
-

Be'low 13 an annotated 1iating of the major directories of
cducational softwire. Some directories are machine-specific:

othars provide general IistjnqS“For-a'varjetv“of”edueational fevels., -
. 1) *

[
A\

\ i
CYNFRAT,

-

Appleoeed. Software Publications, 6 South Stroeet, iﬁlford.
, NIl 03055. Lists softwars for Apple, TRS-80, Atari and Pet '
mi crocomputers. including some educational rackages. Free.
§
—~ '
Huntington Computing Catalog. P.0O. Box 787. forcoran, CA S
93117, Programs primarily for the Apple and some for Atarxi, PET
nd TRS-80.  New educational cataloq out soon.

' ¢
Index to Computer-Baced learning. 1981 FdAition.

Instructional Media Taboratory, University of Wicconsin, P.O. Rox
412, Milwaukee, WI S3201. Lists over 1800 .computer -based
learning programs. Fach 15 cross-indexed by source, programming
lanquaae . aentral processor type, and programming careqory

Tnztant Software. Peoterborougn, NI 02488, Free direct
.\‘ miil catalog offerad by Publicherg of Microcomputing (formerly -

~ .

Kilobaud).
L]

Ingtructor’s_19R2-1983 Computoer Directory £or School 3.
Attention:  Elca Silander., P.0O. Box 6083, Duluth. MN  SS5806
Cuide to the selection of microcomputers., peripherals, books,
resources, journals, and free materials, as well® as instruetional
And administrative software. Distributed to. secondary and .
elementary school principals and available +o others for $19.98,
Currently beinqg updateqd. :

L]

K-12_Micrp Media. P.O. Box 17, Valley Cottage. NY 10989.
Lists and desoribes 250 programs from S0 vendors for the Apple,
TRG-80., PET and Atart computers.

Mirck, Inc . ‘280 Tinden Drive. Branford, CT 06082
’ ,

i
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Proqrams listed by computer (Atari, Apple. PRP, and TRC-80),
aubject areas and publ isher,

‘Microcomputers Corporation Catalog. P.0' Rox 191. Rye, NY
10580. Hundreds of programs 1icted by type, including
educational. Also 1ists computer acressories.

Opportunities for learning, Inc.. Dept. 1-4, 88580 Iurline
Avenue, Chataworth, CA 81311, Lists educational =oftware,
elementary through college for Apple, PRET, Atard, and TRE-80

computers. C Tostings by mubjent . and ‘within aubject areas., by
arade.  Free. '

-

>

se_Directory. PO Clearinghouse. Ine .
‘Publishers.  1)Z\78) TIee Jackcon Highway., Fatrfax. VA 22022,
Fight percent the 21.000 packages 11ated are educationa) -with
Aappro¥imately 7 math and A7 sotenos packages tholuded . pe
Telemart will goon be avatlable at retallers Aan &N on-1ine
ShORpIing service. ‘

Pﬂ’rncnvri

\]

. . - .
Queuer. 5 Chapel H111 Drive, Fairf1old, 0T 06422 Cat.alogs
cducational zoftware aviailable for Apple. Atard PET, and TRS-80
mi crocomputers.  Covers 40 educational moftwars publishers.
Proqarams qrouped by subject and qgrade. ’

Rerference Manual  for Tnstructional Users of Microcomputers .

ATM Reccarch, Macovery Park, 'University of Victoria, . 0. Box
1900, Vicdtoria, British Columbia VAW V9, CANADA . TpdAexe:n over
100 educationa) softwire titio:s roferanced according o subijeot
Jnd grade’ level, Descriptors and svaluations of over 200
roprasentative programs included.  An update with approximately
S50 reviews appeared in Summer, 1882

Scholastic Microcomputol Instructional Materials 904

Gylvan Avenue, FEnglewood Cli€Fm, NJT 07632 Free catalog 1ists
bookz about computing, domputer aceesacries, and educational
coftwire for Apple, PET. TRS-80, TT-98/4 and Atar{ microcomputers.

The Software Cataloqg: Microcomputers. FRlseviéer Science .
Publiching Co., Inc., S2 Vanderbilt Avenue, New York, NY 10017.
TWo catalogn and two supplements each year are produced from the
Tnternational Software Matabase. The Spring 1982 cataleg has
approximately 750 educational applications entries. Tt ig the
successor to the Intornational Software Directory .

- .
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.. The Arple Software Direttory. Volume 2, Famation. WINI,

- ’ A

. T O - L]
L4 C e
4t LR I R .
-

. TR ) . i ol »
Witlein o™ - \
.

The Softwire Di rectory.  Software Contral » P.O. Rox 20424,
Tincoln, NF 685803. Cuide to Program: including a cateqory of
educational I Frwire Faucatrional liszt 12 mubdivided into

Proqgrams for- various mi Croomputer oyotemns. Programe are briefiy
described. . . -

' v | | 13 ' "
The foftware F der. Dresden Aaaoofates‘nnd,Tncthca] ;//
Fducation Research Centerz. Inc. » 8 Eliot Street, Cambridge, MA

b '02138.  Comprenensive quide to educational software arranged

by’ subject and indexed by -machine and title. Description gives
type of program, qrade level. aystem v lanquage and minimm
hardwire requirements, as well az price, brief annotation, and
review citationgs. P : S C ‘

-’ Ve
/

Sterling SwiFt

Swl A Fducational Software Di rc.im-.or A
ny, 7901 South H-35 Austin, TX 78744. Containa

Mibliahing Co

. Information off edugational software publishers: provides contact

inFformation.

Vianloves Fducatorz Handbook and SoFtware NDirectory for
Microcomputers. Vital Information, Inc., 7899 Mastin Drive,
Overland Park, KS 66204, Indexes by scubject and agrade level o,
Aducational and administratrive Software. Directory has overall
ratings of 1 to 3 stars ascigned by the ‘editors, Articles and. -

" bibliographies on Special topics are als 1Nl uded
3 . ,

r

. PR
APPLE ° '

¢ 2 L4

&

Video, 5245 West Diverzey Avenue. fhicago. TI, ANB29. Iints
Aducational software available from over 400 vendors, dezoribed
‘briefly ahd cross-referenced by mubiect mitter WIDL Video alaoo

PN iches, an Mpple resource directory 1i:5+inqg hardware, boards, .-

and accessorties: and the Apple TT Blye Book, which includes an

, Of thiz information in one volume. ®

Starbeks Softwire Directory 11940 Porzett Road. St Touis,
63043.  Describes over 1.000 .programe. for the Apple

microcomputer. ERducational software iz divided by subject and
Includes programs for Grades K-12 T -

-

Swi £t ‘s Pducatidna) Software Directory. . Aeple IT Fdition. .
Storling Swifr Publishing Co., 70801 South TH-3S5, Austin, TX
TRT744 1983-84 edition hao oOHftware annotﬂtfgns arranged by g
SJubject andnindexed by title .-m7 rublicher

' | - 142 -
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Radio Shack TRO-A0_Edueationa) Software Sourcebook. From

Radio Shack stores,

WICribes programs for &)l TRE-80

microcomputers.  NDescriptions are groupcd m'eleven‘su‘b:le‘ct:'

categories and are
Anstructional technt

\'
‘'
APPLF. AND ATART

ndexed by title, user level, and ‘
que. N

~

—

Catalo Minnesota Fducational

Computjnq-Conﬁortium.'zszb Broadway Drive, St. Paul, MN S58112.
faralog of Apple and Atar) SOFEWAIreT MY haass Aeveloped. Programs
Are availlable through MR

¥rART

* -

’

: : Y
Atar: Prngram Fxchange. Atari, Inc. P.O  RBox 427,

Sunnyvale, CA 94086 - Targe catalog of uner-devgloped'ﬂnFtwnre

For Atari
A .

M

TBRM Softwire/1khirdwar

¢ Directory. Sapana Micro Software ,

Pittsbura, RS 66762
updatoes . IncYudes =
reviaows and bonok rew

. Publinhed twice a vear with monthly
oftware product 1istings and indexes prodnnt
tows of TBM products in mont maqgqazines.

COMMODORT ) '

Commodiore Software Fneyclopedia. Commodore Busjnesé

“Machines, Syotem Mar
Pruscia, PA 19486,
PFET/CBM cystems 1ist

keting Group, 681 Moore Road, King of
Software for ‘the PRT 2000, 4000, 8000 and
ed .for seven arcan, tncluding education.
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Hewle:tt—r’:gckard Serias 80 Software Catalog. Series 80 "

Ucers’ Library, 1010 N.E. Circlce Road, Corvallis, OR' 97320,
Referencoe quide to programs avallable for Series 80 Personal

Computers inciuding both contributed proagrams and applicationg packages

¥

& ' i
TFXAS TNSTRUMENTS ‘ )

Texas Tnstruments Home Computcr Proqram Library, 1982,  From
Toxas Tt ruments dealors.  Licts programs orcated by Poxacs
Tnst ruments and by indopendent software publ ishers. Categories
include a section of educational iatings. .

\ . &
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| C Periodicalsn |

| i | /\ . | ¢
Overr 200 POTiodicals now oxit’ in the computor tndustry .

The following 15 dn extensive 1ot Of those Journals and new=letters
that are useful to educators. : 3 T

AFDS Dulletin | ’ ‘
" Asmociation for. Fducationa) |
Data Systema o - | o
1207 16th Street. N.W. . o | | /
Washinagton, D.C. 2nn2a

OQuarter)y L e ' ’

B \ .
AFDE Monitnr - \ /‘\/3
asnociativn for Fducational ’

Mata Syrtehs ’

12071 16th Streetr, N W

g&nhtnqﬁnn. Nn.c. 2002 : :
Fi-monthly c '

Thr Apple Journal of

Courzrewarn Review

Applo <Computer,, Inc. .

. IN2A0 Bandley Drive . . )
cupertino, CA 98014 '

Publiched irregqularly

e

Arithmetic Teacher c

National Council of

Teachers of Mathematicn :

1806 Acsociation Drive . >
Reston, VA 22001 -

8 1soues/year : . )

(Includes membership)

Atari Computer Fnthusiacts
"3662 Vine Maple Drive
Fuaena:, OR  9470%

10 igsues/year

g



A‘ .

B RYTE ,
70 Main Street
prerborough NH 01458 o
Monthly

Cnlcu)atgrm/cémautegs

Dymax . '

P.0. Box 27 ' 4

.Menlo Park., CA 940 R

7 taouesn/year ’
A Micatrug News (TRS-A0Y

Chicaao TRS-8N Users Group

203 N. Wabash, Room 1810

Chicano, I, 6060},

10 1sones/year ‘
. t

Thime

rlnnrlnqhnunp of

Tnfogmation on Micro-

nnmpSS;fs in Education

Oklah State nnivprﬂlrv

107 . Cundersen ’

o1 Twater, OK 74708 ‘ '

Monthly - ' | . ‘
. U NewsYottar

Computer-Uoing Rducators

Pox 1847

San Jose, O 95158 .

Pt-mnnrhlv ‘

(Tncluden membershfp)

]

Clasoroom Computer News )
Tntentional Bducations, Inc.
341 Mt. Auburn Street
Watertown, MA 02172
Bi-monthly

Clogcing the Gap
(Computers and the

handicapped)
Rt 7. Rox 68+«

Hanfrnnn. MN S6A044
B monthly

153

‘ - 146 -

. | ‘ BEST COPY AVAILABLE

' oassm S avem— PR e S—— Sn——



r‘ngguf-.e !
RBox 5406

Creensboro, NC 27402 . ‘
Monthly , ' .

v -  BEST COPY AVAILABLE T

TFYTY., Computer Society B : '
V0/62 las Vaqueras Circle
Tos Alamitos, CA 80720

Computer {

&
Computer CrgpﬁgCﬁ Wor) A
714 Storkton
SWip Frapectiseo, Cp 94132 _ .

Monthly J\ .

Computer Update

Noston Computer Society ‘

P renter Plaza _ _ '
Roston, MA 02108 -

B1-monthly g

- 1
" Computers RAE FAucarion
Peraamon Preks, Inc.
Maxwe11 House, Fairview Park
Fimoford, NY 10N8)32
Ouarterly -

/// Computors and Rlectranics
(formerly Popular o
Flectronics)
Ziff-Daviz Publishing Co . ™
‘Oner Park Avenue : .
‘New York, NY 10N1A
Monthly 4

Computers and People - A
Berkeley Fnterprises : '

815 Waschington Street

Newtonville, MA 021460 - '

Computers and the Humanities
Peraamon DMress, Inc.

Mixwel]l Hounse, Fairview Park -
Fimaford,  NY 10822 .
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Information Science
Dniversity of Oreqon
Fugene, OR 97402

> ] issups/v‘oar

( Tncludes: membgrship in
Tntarnational Counci)
for Fomputgfu in
FAucation)

Grearive Computing
Box 7A9--M

Morristown, NJ 07690
Monthly .

Dr_ Dobb’‘s Journal
Prople’ s Computer Fo
RPox R

1763 1 camino Real
Menlo Park., A 94028
N yooues/year

FDU a o

Feiucationa) Prnducf"
C:ron

Mars 31{ r‘quirmpm' Corp.
Mitl S1ot MROZ<2/T))
A Trnn WAy, P/O0. R
Marliboro, MA 01752

FPA_Nows et rar
Poiiceh P
Jupeau, AK 99811

10 j¢& tups/year

Ejﬂrat?nna? Computer
Migazine ‘

“Box S35 ‘

* Cupertino, CAN 95018
Bt -mnthly

TFAducational Tarhnoloqy
140 Svivan Avenue

\

Dvnarrmpnf‘of Compufer and

1002
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¢ . Pnﬂlvwnod CliFfo., NJ 07622 .
N Monthly

’. RO Micro

Wiyne Green Publications
A0 Pine Streoee

- Potorborough, NH 024%8
Monthlv

A0 0.8,
\ 3138 South Warner St
¢ Tacoma, WA . 8R409 .
\, Mopthl v * :

1N 1 Fxecutive Center.Dr - =
Sutte 20N :
TaNahacoes, Fl,
1n1mmﬁ/wmr

Flactronis leayning
aNs Svivan Avénue
~ Frnaglewood 1FFs, NT 07/
. Manthiy

..-rvh Pvntﬁrw. Ine

Massachusetts Avonue
ridge, MA 021238

High Tochnoloqy . = ‘
Teehnoloagy Publishing o
. 28 Commercial Wharf . ]
B Boston., MA 02140

ITnfoWoria
3275 Cochituate Road
) ‘ Box 8N

Framingham, MA 0170}
Weekly, 851 1asues/year

Instructional Innovator

R\\\:j ciation of Fdaucational -

b fJ : ‘- co - 1491-56‘

BEST COPY AVAILABLE
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e

JniunftnnexT *hnol ogy
n)%asﬂ» Strede INW.

Washinaton, D . '20C236
8 1zsues/year '

§
Tnstructor
7 Bank Streot
Manaville. NY - 14427
8 iames/year
Interface: the Computer
Tducation Quarterly
Mitchell P 113hing Mo.

915 River Otreet _
Santa Crux. CA 95DR0 -
Quarterly

Interface Aqge
18704 Marquardt Ave.

cCerritos, A 90701

Mohthly e ———

Journal of r‘ompurpr-naﬂpy
Inctruction j\
AXCTS Tnfernatxona]
Hexdemiartern

Computer Center

Weot.orn Washinqgton
nyveraiey

Pl inaham, WA 982208
Quarteriy

Journal of hnmpﬁtérm‘ih

Mathemat s and Sciesnee
Traching a -
PO Rnx 44588 ¥ .
Mistin, TX 7876%
Ouarferlv

Journal of Educational

Technoloqy Systema

Ra ywood Publtthnq co
120 Marine Street

Box D
Farminagdale, NY
Orarterly

117738



-~ -

G

Kilobaud M1:>ocomput3ng #
Soe Microcomi™ing

The loqo_and Fducational
Comput ing Jourpal

1320 Stony Brook Rd.
Tuite 219

Sitony Brook, NY 11790

MACDI, TJournal

Michigan Azzociation for.
Computer User:s in Tearning
Wiyne Coupty, TSD

23500 Van Born Road ,
Wayme, MI Af184 .
% tamues/voar

(Tncludes membership No
Tonger includes reviews)

Mathematics Teacher
National Counci) of
Tracher: of Marhematiec
1906 Ascociation Drive

- Reaton, VA 22091

A Insues/year .
(Tneludos membercshic)

Meella _nd Methods

1511 Walnar Strevse
"tladeirhia, PA 19102
Monthly :

- 3
Microcomputers in Fducation
S FTALTE :
5 Chapel Hill Drive
Fatrfield, T NR4EZD
Monthlw .

Microcomput ing

Wayne Green Publicationo
B0 Pine Street
Peterborouagh, NH 02488

. Monthiy

MicToTnK
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- 151158
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24 f"raelmanrd oS¢

PO Box RS0
MeImsford, MA 01824
Monthly

Micro Media Review
Rox 4236

Ridgeficld, CT 06877
10 issues/year

Midnite Software Gazette

C‘entral I1linois PRT

fI:xsrs Oroup
AR Morice Court

Mt Zion, IL 62849
Bi -monthly

Mibbl

Rou ‘!”‘%

Lineoln, MA 01773
N1 omaen/yvoar

OurEnt

LU'tecrhnircal Publishing

ARA F1Fth Avenue
Mow York, NY 10m9

@

Perer ) g 11

DO Box 188

iy OCruces, NM 28004
3 1osues/year

Peraonal _Comeuter Age

10057 Commercial Avenue
Tujung., CA S1042
Monthly

pnrﬁmm Computing
Rm*heﬂ)e Park. NT DN7662
Monthly

=

N

Popul.ar Comput'ing

M Main Street
Petorbarouagh, NM masn
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Prospect, KY 400 |
Month] v :
A , )
‘ A 2
SIGCUR Bulletin } -
Asnociation for ing’
. Machinory

Sercial Tnterest Group'pn
Computier Uses in Fducation

New York, NY 10NN24

Quarter)y N
‘ v \ 2
P e

Sohonl Micracomputer
Bulletsn

Iearning Publications, Inc.
RBox™ 1226 .

Holmes Beach, FI, 22809

Similation afd Gamen

275 South Reverly Drive
Beveriy Hills,COA 90212
Ouarterly -

Sofraoide

Dox AR

Milford, NH 02088 "
Monthly , -

foftalk Magqazine

11021 Maanolia BRoulevarad
North HoYlvwood, CA 91801
Free for first year to new o
Apple owners ~
Monthly : ‘. - i

tware Diqgest | 1 o

76 JXtle River Turnpike . ! ;

Sujte 4 % ; ’ _:’/,

\\\\ - Anpandale, VA™2B03 \\ffi'
Weekly ' ) :

\} kY

\A“ . 5*"1
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Software Pwe o

P.O. Box 85056
valencia, CA :91355

ggfeadsheeé
nterCalec
" Box 284

Scarsdale, NY 10583
Bi-monthly

1

T.H.E. Journal )

Technical Horizons °
'n Fducation

P O Box 99>

Acton, MA 01720

B 1ssues/vear \ AN

TRE-80_Users Journal ‘ \
PO Rox 7112 ‘
Tacoma. WA 98407 |
n1~mnfthlv

/
Teaching and Computers
Scholastic, Inc.
302 {ylvan Avepue
Fnglewonod C11fFFfs. N
A ) soues/year

Ozears:  The MRCC
Inztructional Compnting
Newsletter

2820 North Broadway Drive .
St Paul, MN: §R112 A
Monthlyv ' ‘

Window
463 Pleazant Street
Watertown. MA N2172
S issues/vear

-




Indexed Porindicals

. The Following (22 a liast of Journals and newsletters whooe
software reviews have been indexed by the Digqest of Software
Reviows:  Fduration (NSR). The Sofrware Finder (OF) . and

the databases Microcomputer Index (MI) on DIAIOG and DISC on

Bibliographic Retrieval fervice. The depth of indexing vartes:
for each source as does the period of coveraqge. , The addressen
for many of these riodicals may be found by consulting i-he
appropriate sections of ‘the appondix or by Chqckipq DRS, SF, MT,
or DISC themaelvan.

-
-
-

The Digest of Software Reviews:  Fducation. n/o School and
Home Courseware,. Inc. 1341 Bulldog lape, Surte C,. Frecno, CA
8270, .

. V4 '
They Software Finder. Toechnical Fducation_ Rese. zrr'h r‘.ﬂ-nfpr

8 Fliot Street, Cambridac, MA 02138,
[

Bib) iographic Retrieval Services. ' Fdudgtion Service Group. 1200

Route 7. latham., NY 12110,  (518) 7873~

NINOG Infnrmwtjon Serviges. 3460 Hillvie

. Avonue., Palo Alto, CA
S42pn4 . 4 ,(nnm" 2'?;7-10:-3‘7» . '

Accesc: Microcomputers in labraries - DISC, MI
ANTTC - MT ‘ |
The Applo Journal of Coursewarne Review « NOR
Apple Orchard - MI
Arithmetic Techer - DRO
Atary Computer Enthusiasts - DRE
The Dook Report - DSR, SP ‘
Rooklist - DRS
Business Week - MI (partial rnvarmm
BYTE - DISH, NSR, MI, OF

ston Computer Update - SF
California Library Media Concortium -~ DSR
Cal) I\.P.P.L.E. - MI.

CIMST, - SF g g

Chicatrug News <'ms‘) - NSR

CUFr Newzlettsr - DSR, S : -
Clacsroom Computer NewsZ - DR, MI, OF
Clo=ing the -Gap - NSR, SF

COth.! - DIS‘C‘ m. ”T\ hﬁr “ Py
The Computing Teacher - NCR, MI, F “ . ’
Creative Computing ~ DISC. DRS. MI. &F . v ..

R N
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Coursewire Report Card NSR, SF ‘ S
Furriculum Produce Revivy - SF ’

furricuium Review - NGR. SF '
. DATAMATION -. DISC : o )
“ DataBase' - PIEC ' > .

Deasktop Computtng - DISC, MT . ; . l
‘Dr. Dobb’s Journal - DISC, MT ; | ' ) )
Faucational Computer - NER. MT. oF ’

Fducational ting -~ SF , ) ;
Educatnm,al Technology - DER., MI (partial covarage), sF .\ '
80 Microcomput:tng - PSR, MT, SF ' o :

80 - 1.8, Journal -~ MI (part+ia cOVAYIY0 )

Flactronic Fducatidn < NER. SF : - 4 ! s-l
Electronic learning - NCR, MT. ar :

FPTE Report - NESR R ‘ - ?

FPTIE Report §98/93  oF _ ' S
FPIE Minro-Coursewars PRO/FI 1 in o

LA Newsletter, ~
FECRENews - -SF
-TnfoAge - oF
, InfoWorid - NSR,.

]

g
g

Tnstructtonal Innovator - MI (par+1a1) IIVRrge )

Inarriuctor® - PSR

Thterface Age - PISC, MY . & ,
JJFM Research - PSR, © - .

JOUrnal of Comput

CFEIIN Mathemat 1o g St Teavhimy - NDOCR, MT, OF

The Journgyl of Coursmwyre., Review — NOR, G°F

Journat of learn

MT. SF e | S 1

nq Disabilities - NER - . 3 Y 1

Krlobaud Mierdcomputing - SF. (see M1 crocomputr 1 na )

learning -\DER . , < .
Mithematicm Tearher - DR, S c ; - A
Med1ay and Methods - NDSR, MT (Rartial coverage) ., OF :
C(MPOE) Msers Newslettrr - DER, OF . : L s
Micro:  The 6502/6809 Journa) MT. &I« ) . U
The Micro = PIoe .t ‘ ' i
Microcomputing - DISE, DER. MT ,o -
Microcomputers tnFducation - DR - . 1
Miycro-dicope - NER ‘
Maonitor - D .o - X
- Micrno Media Reviow~=< NgSR . ' 4
~ MicroSTIFT Reviews - DER. SF , ‘ - RE4
MACUL Journal - PRS, SP . | | a
+ Midnite Software Gazette - DRE '
Microsystems -~ MT* . ' - .
MUMPS (ﬁﬁr.'_: Group Quarterly - MI (partial coverige ) ) ‘ l
ijb}‘f‘f - mR. MI l‘ ’ - ) .
- Nition’s Bustness - MI_ (partia) coveranae)
onComput ing -~ ‘sea P, rular Computing \ o l
' Online - PlEc : ' S ?,
Online Review - #far ,, .
Perdomal-: wliter Age - DTSC., DER ' ’ '
P Tha ‘L‘rrvdepmidvnr Gutde to the TAM Porconal Compirer - PTEC, MT I
Peelinas TI - PSR, MT ' " » -
‘\ ‘ ¥ , ’ ‘ '
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Per'.omn P,ompuﬂnq - ISC: NER. MI, SF ¢

A The. Physien Teacher - SP
pular Computing .~ DISC, NOR. MI, OF
rser’s Atari Magazimne - SR (no lonqger publ_?..hod)
Irser’s Magazine - SF (no longer publishex)) .
Popular Flectronicos - MI (parﬂm coveraage)
The Rainbow - NER.
- Radio-Flectronics - MI (partial coveradqe) ) '
T™he Reading’ Taacher - PSR - . -
The S-Fighty - SF . :
Simulation and Games - SI° , -
fichool Microware Reviews - NER, itaelf (no longer publinhed)
S.F.C.T.0.R. Project - m... C -
Softside - DOR, MI &/
~ foftware Review - NOR ‘ *
Goftalk - NER. MI (partial coveriaae)
Sichool library Journal - NDOR -
Small Buzinesn Compuf-pr - M
Syne ~ MI . , *
- Teaching and Computors - DER
o ‘ T H.F. Journal - MI . ’
N , ", » ‘
A e -~ .
{
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Diztripitor:s of Mathomit10m and ScCienns “SofFware

\ : - ' ' »

1

- Biofoqy Media 918 Parker Street. Barkeley, CA . 94710
(415) 549--3210. Distribute:s SelE-instructional modules, m{vr a0

pleces of microcomputer AAUrsewIre,, and other medila-hased
producte for b.tologz MUC‘-&t‘lC)D. ‘ ‘

Cambridqge: nevelomigt I.iku.ar;xturg. 16 Pleasant Sfrmt .
Watortown, MA 03172 (617) 830-8076. Develops as well as

A1 5t r 1 butreo:s Simalations, tukrortals, ANl T Fexs1 3 P mth
AN vIence curricula CHL. reascarches . OF hardwnee and
RAY not 1 1ike 1y ha he

moftwire compatibtliry and dewweTops pre
undertaken by other vendors. .

-~

creative Publ)eat)ones \ Qi

10328, Palo AWG, CN 94303:\% - )415y 848-3977. Approximately 30
SOfrtware pr ,- ms on _;m:#t-. fo%i e oare drastribited as we)l oan
books, acgEscories, q,t';mh.‘mﬁ. and manipulatives '

vithore Rd . P O Rox

ht1ond) Materiala and Fquipment Co PO Roy 17,
Pegham, NY 10803, -(814) 876--1121. FME - specializes in smience
= Software and other media and actively SRR RO tommerntg Ty
FUbl 1sh new sotence programe. EBRSCIINLY 1D the areas of phyntos,
chemistry., ehergy, and enviropmental stldion

" Educational _Software Consultant:sa, Tnes. P O nnb'v.nnm..
Orlando. FI. 328A2. (308) A51-8119 Matributor courseware for
Apple, Atari, TRS-A0, PRT. and TT but does not 1dentify iniria)

developers.  Tneludes foretan Yanpauage:: and businemes subijents .

wt's

/

Cameo_Tndustries, Tng.. Box 1911045, Ria Spring, T

I8720-024. (318) 267-6327. Over 400 K-12 programs fFor the
B Apple. PET, Commodore 64, Atart, Vig-20. and TRS-A0 are Avatlable
\ \ ac well as books., acnesories, and andio-visua) matertals.  Only

| MECC-developed programs are tdentified

X JU 1., }Ltmnet Co., Inc, . Microcomputer Division, flanmw &+
Pinée . Box S485, Braintree, MA 02184. Tn Macoiachunetts ., (800)

972-8066 : outsideﬁ Maccachusetts, (ROD)Y 228-84R/7 Alzo (617 ,
- A4AR/-1000 . TASts over 2580 software program: in a1l cateqories for

Apple. TRO-A0, CBM/DPERT Alzo feature:s books and JupRlies fFor the
romputerized classroom ‘
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Instant Software. Wavne Green Tne ., Pt‘t-nrl-:or'ouqh NH
03488 (RD0)Y 3343-0728 Some educatiomal programs are )icted as
w1l as those for business and game app1tvarionq

-

K-12 Micromedia. P.0. Box 17. vsvxgéféorraqp NY 10989

(2015 3317885, Distributes the proqrams of over 100 software

publishers with over 60 math and approx?mafe?v 20 science
Proqrams listed. | .

Marck. 280 Linden Avenue, Branford., €T 06405 The cAataloq
1izts only sample~tested products covering a ranage of high school
Ancd colleqge topics with original. publisher clearly identified.
Product:s mold are for Apple TI. Atart, PET and TRS-A0 computears

{

Opportunities for leoarning, Tnc.. 8950 lurlipe Ave., Dept.

144, Cpafsworth, CA 91311, (213) 34F 2538 4 Ovear YON math apd
Jeience proqarams are distributed as wr) ) as courzewaxe #or ether
topies including adminigtrative uses. '

Oueue, Inc . 5 Chapel i1l Drive, Fairfield, T NR4A7

(20%) 335-0908.- Alzo (000)Y 232-2224. Foatyres hiah arhoo) and
colleqe-level moftware arranged by subljecte Yneluding Vife
ok11lc.  The detailed annofnftons 1dent 1 fy developer/proprietary
vendor of onwan titlesn.

Scholastic, Tnc. . 804 Sylvan Aveflue 1 C11FFn, NT-

07R73: The 18R2/83 aatalng lists ovpr %% oarams in math,
srence ., lanquage arts, coctal studies, Foreian lapmuaages, s,
and computer Iiteracy For fhp hpplp PET, TRS-80°, TI 99/4A and
AtAars . .

@«

Sterling Swift Publishing Company 1600 Fortview Road ,

Rustin, TX 78704, (512) 444-7870. Sterling Swift has lnarnan
management courﬂewmemm‘iry math as well Aag chemica)
enqgineering and Spanis quage programs.

_,..V/ . , . , .

Sunburst Communications. Room VP16. 33 Wachington Ave. ,
Pleazantville, 10870, (800) 431-1934. For New York state or

Canada. call collect (914) 769-5030. Sunburst has developed
proqrams as well as distributing thoze produced by other vendors
It claims to have the largest selection of courzeware developed
by Minnesota nduvafional Fompuffnq Ponsorftum (MNP .

EE D .
-

: ‘ 237 SEYE ) FiJ |
I.H.E.S.I..:.,. P‘.O. Box i?';‘ Cm'dcm C.tty. MI 48135, (RON)
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' y
254-0850, Mistributes Apple and Atard programet I1n several topics
neluding math and acience . SPOech Synthesizars mav also be
rUrchased :

i

"l‘gxns Inagtrument:s TOca) TT dealer Applications Program
hotline: (RD0) 8S8~458858. Tn Tm:.: (ANN) AB2-4279. The
Cataloq 1t progqrame develoned by Independsnt S0 ftwre
producers as well as those program: developed by TT with £l
name, address and phone number of thoze producers provided.
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