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CLASSROOM SOFTWARE FOR THE INFORMATION AGE*

Karen Sheingold, Jan Hawkins, and D. Midian Kurland

There is no question that, from now on, computer technology will be
part of the formal and informal education of children. The critical
questions are how technology will contribute to education, and what
the outcomes of such a contribution are likely to be. Technology can
be used to do some of the same things that are now being done in
classrooms, or can facilitate new kinds of activities and, it is hoped,
new kinds of learning. While computer hardware is the most visible
part of the "technological revolution," the future of microcomputer
technology in classrooms hinges on appropriately designed software
and on how teachers are abli.e to incorporate it into their classrooms.

Decisions are now being made by schools about what kind of software
to buy, and by publishers and developers about what kind of soft-
ware to produce. For both groups--consumers and producers of
educational software--there are important criteria to apply in advance
of such decisions. Considerations about what it is important to learn
in our technological era and what is workable in classrooms, as well
as what is currently practical and cost-effective, all come into play.
Five criteria are central:

1. The information age is making possible new kinds of activi-
ties and learning in classrooms, and is also making changes in what
students need to know. The vast amounts of information being made
available via computer, cable, satellite, and fiberoptic technologies
will increasingly challenge human capacities to deal with information.
While students will, in principle, have access to richer sources of
knowledge and information than ever before, there is the real possi-
bility that they will be overwhelmed by the quantity (and variable
quality) of what is available. Successful students will be those who
can effectively organize, access, manipulate, evaluate, query, and
communicate about information. Students will need to apply these
skills in many curricular domains--science, history, social studies,
and literature, to name just a few. Plans for using and developing
software, therefore, should be responsive to the need for increased
emphasis on information-management sk:11s.

*The preparation of this paper was made possible by a grant
from the Carnegie Corporation of New York.



2. Some level of comfort with and mastery of computer-based
technologies is viewed as a "new basic" in our schools. The informa-
tion tools which will figure significantly in the adult work life of
today's students can become part of the life of the classroom. Soft-
ware which enhances students' ability to function in a technological
society deserves priority over that which does not.

3. Software must be able to fit in with the existing organization
of classrooms and curricula while, at the same time, providing the
possibility of new activities and new learning. Teachers must be able
to recognize software as something that can help them meet curricular
goals. Yet, given the rich potential of the new classroom technology,
the software should be usable for new learning and new purposes as
these are designed and discovered by students and teachers.

4. Software must be coy, --effective to producers and consumers
alike. The economic realities of the educational software market are
such that neither producers nor consumers have adequate resources
for development or purchase. Relatively inexpensive software that
has broad applications for the consumer should take priority over
more costly or limited applications.

5. Effective software for classroom use must be developed for
the hardware which schools now have available or will have within the
next two years. Although hardware development is proceeding at
breakneck speed. there is every reason to believe that schools will
not be able to keep up. Therefore, new educational software for
school use must be compatible with current microcomputer capabilities.

The type of software which meets these criteria is that which we
refer to simply as "tools." Software tools have great potential for
incorporation into learning contexts, but have not yet been well
explored for educational purposes. Tools are those pieces of software
which help users access, organize, manipulate, and communicate about
information. Most kinds of tool software enable people to enter,
revise, organize, and reorganize information of a particular type:
text, in the case of word processors; facts and figures, in the case
of database management systems; musical notes and rhythms, in the
case of music editing systems; and charts, graphs, and designs, in
the case of graphics editors. These are referred to as tools because,
like pencils, paper, rulers, typewriters, and calculators, they help
people to accomplish tasks but do not specify the content of these
tasks.

Tool software can be contrasted with other kinds of software on many
dimensions, perhaps the most important being the extent to which the
program specifies and constrains what the user does. In games and
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computer-assisted instruction, the content of the program is complete-
ly specified and the user's role is to respond to it. The interaction
is "software-driven," with the user's goal to provide correct answers
or make moves that score points. Programming languages are on the
opposite end of the continuum, being most unlike computer-assisted
instruction and least specific with respect to what the user may do.
While different programming languages are more and less appropriate
for certain purposes, each can be used by the expert programmer to
accomplish a wide variety of goals.

Tool software, then, fits somewhere in between programming lan-
guages and computer-assisted instruction. It does not specify what
the users must do, but rather defines broadly the type of activity
they can engage in (e.g., writing, musical composing, or fiscal
modeling). Tools are widely used in business, universities, and
industry. Yet, with a few exceptions, they have not been designed
appropriately for the precollege population.

Word processors and database management systems are examples of
what tool software does and how it can be used in the classroom.
Word processors are tools for writing and editing; students can use
them to compose essays, poems, letters, stories, or newspaper arti-
cles. Students can easily correct what they write, insert new text at
any point, delete words, phrases, sentences, and paragraphs, and
move text around. All of this can happen before they print out their
work, so that their printed copy is clean, neat, and "finished."
Thus students can, at leaSt in principle, come to see text as flexible
and writing as a multi-staged process.

Database management systems (DBMS) are programs that allow users
to create multiple files--not unlike traditional note cards--containing
information on any topic. Unlike note cards, however, the files once
entered into the data base can be instantly sorted, reorganized,
edited, updated, printed out, or turned into summary reports. DBMS
are extremely flexible organizers of information which can be used for
note-taking, outlining, and other prewriting activities. They also
make large amounts of information easily accessible to users who want
to prepare reports or simply to learn about some content area.

For example, a class studying sea animals could decide on a useful
file structure for building a sea animal data base (e.g., enter the
animal's name, size, eating habits, color, habitat, and a paragraph
highlighting the interesting features of the animal). After research-
ing different animals, students could add them to the classroom's data
base, which could then be used by the whole class to answer such
questions as the relationship between the animals' size, habitat, and
what they eat. In addition to helping students learn about sea
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animals, such a project could present opportunities for learning the
value of good data organization, the usefulnecs of different retrieval
strategies, and problems with maintaining quality and accuracy in an
open-access data system. The teacher would necessarily play a

critical role in facilitating such learning.

Tools and Children's Learning

Tool software, unlike any other type available for education, meets
the five criteria listed above. It provides students with the oppor-
tunity to access, organize, and manipulate information in new ways..
Thus tools may offer students practice with certain cognitive strate-
gies for making use of information. These strategies may be. impor-
tant for effective learning and use of knowledge.

One of the most highly valued accomplishments of the early and
middle school years is students' learning to understand and work with
information from various sources, particularly texts; that is, students
must develop principled, organized, and coherent strategies for
reading, comprehending, and extracting appropriate information from
books and other written materials (Brown, Bransford, Ferrara &

Campione, 1983). In order to understand and to improve students'
information-handling skills, researchers have analyzed how successful
and unsuccessful students go about studying and learning froM texts.
For example, Brown and Smiley (1977) report that successful students
are able to identify and abstract the important material. In addition,
these students develop a variety of strategies for reorganizing and
summarizing information in order to learn actively. They learn to
delete redundancy, to select a topic, and to identify superordinate
themes and events (Brown, 1980; Brown & Day, 1983; Brown, Smiley

& Lawton, 1978). They are able to clarify the significance of infor-
mation in terms of their own knowledge by looking for the relevance
of facts in a text and by examining the relationships between these
facts and what they already know (Bransford, Stein, Shelton &

Owings, 1981).

Thus, research findings indicate that successful learning is a function
of active strategic engagement with the material in order to make
sense of it in terms of what is already known. Active strategic
engagement involves identification of important themes, topicalization,
abstraction, and reorganization of material. A student's ability to
manipulate information in these ways contributes to her understanding
of the material in the text and to the expansion of her knowledge.
Successful students learn that studying is a "purposive, attention -
directing, self-questioning act" (Brown, Bransford, Ferrara
Campione, 1983).
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Software tools make explicit some of these important learning strate-
gies. Effective use of a DBMS to organize, store, and retrieve
information entails topicalization, abstraction, and summarization
skills. It is reasonable to hypothesize that working with this soft-
ware tool offers students practice with important basic skills for
effective learning and use of information.

Tools make possible the flexible manipulation of information that the
drill-and-practice software most typically used in classrooms does not.
The latter delivers small amounts of highly organized information
(lessons or tests) such that the students' only choice is to indicate
the answer to a question or problem. If students answer correctly,
they are rewarded and then given similar or more difficult problems.
If incorrect, they are told so and are cycled through problems like
the one they missed. While, under some circumstances, such software
may improve children's factual learning, it does not appear to help
them acquire and use strategies for managing information (Becker,
1982; Ragosta, Holland & JaMison, 1982).

Tools for Learning About Technology

Tools also meet our second criterion, that software should help chil-
dren to learn about important aspects of technology. Tools are
examples of software used by society at large for other than educa-
tional purposes. Students will need to use information tools effec-
tively and comfortably in both the home and workplace as adults. A

recent report from the Office of Technology Assessment (1982) states:
"The information revolution places new demands on individuals,
changing what they must know and what skills they must have to
participate fully in modern society."

Is there other software that could effectively help students learn
about technology and how to use it? Programming languages are an
obvious candidate, and programming is already widely taught. There
are serious debates in the educational community about the centrality
of programming to technological literacy, and programming itself is
undergoing profound changes. In the near future, programming will
be done through highly specialized, domain-specific languages, rather
than with the complex, general-purpose languages in use today. If
programming is taught for the purpose of technological literacy, then
it is important to consider the abstract computational concepts embod-
ied in programming and to anticipate what programming will actually
involve in the near future. However debates about technological
literacy are resolved, there is no doubt that the use of powerful
software tools will be seen as central to such literacy.
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Tools and the Curriculum

Tools meet our third criterion, since they can be assimilated into
classroom curricula as they now exist, while providing the possibil-
ities of new classroom activities and learning. Since they are tools,
they can be used to enhance learning tasks rather than to deliver
new content or suggest new curricular areas. Teachers can under-
stand what they are good for and how to make use of them, provided
the software is well designed for the educational context. For ex-
ample, a word processor easily fits into a teacher's conception of
writing tasks. Once teachers use such tools for their regular curric-
ulum, the tools themselves can open up new kinds of activities in a
classroom. Students can use a word processor for typical classroom
writing activities such as composing an essay. It can also make
possible new activities, such as group writing projects in which
students jointly compose and successively edit one piece of work.
Students can undertake large projects with greater ease, such as
creating magazines and newspapers, along with the extensive writing
and revising such work entails.

The other type of software which fits into the classroom easily is drill
and practice. It is recognizable by teachers as something they
normally use and, like the familiar workbooks and dittoed sheets, is
easily assimilable. However, teachers often find that, because they
are so specific, such programs don't match their curricular require-
ments. At the other extreme is programming which, for a regular
classroom teacher (not a teacher of a "programming course"), is often
a perplexing activity precisely because its connection with the on-
going curriculum is difficult to make. Tools occupy that important
middle ground of being recognizably relevant, yet offering the poten-
tial of going beyond what usually happens in the classroom.

Tools as Cost-Effective for Developer and Consumer

Tools also meet our fourth criterion, that software be cost-effective
for both developers and purchasers. While tools are (at great ex-
pense) constantly being refined, developed, and made more sophisti-
cated for business purposes, tools for classroom use are not likely to
require long design time and high development costs. Since there are
already many examples of tools on the market, it may be possible to
adapt such tools for education rather than to create something com-
pletely new. Computer-assisted instructional packages, on the other
hand, are expensive to develop. To create a comprehensive set of
drill-and-practice or tutorial programs to cover one subject area
requires a number of different programs and can cost several million
dollars.

9
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Perhaps more important than the cost to the developer is the cost to
the consumer. When a school buys a tool, it is. buying someilling
that can be used in different classrooms for varied purposes over a
long period of time. A database system can be used just as well for
sixth grade social studies as for eleventh grade science. While tools
generally cost more than individual games or drill-and-practice pro-
grams, they are cost-effective because they are more adaptable and,
as a consequence, schools need fewer of them.

Tools Within Current Hardware Capabilities

Tool software can be developed for the persona) computers currently
in use in schools. While it is always the case that additional memory
and processing capacity makes the computer more powerful and flex-
ible, there is nothing about the design of tool software per se which
requires more sophisticated machines than those now used in class-
rooms. However, significantly more powerful machines will be needed
to run interactive systems' developed as a result of current work in
artificial intelligence.

While scientists in artificial intelligence are creating intelligent
computer-assisted instruction NCAI) programs with significant educa-
tional potential, the development and hardware costs for such soft-
ware make it prohibitive in the near term. The current costs for
computer systems capable of running ICAI packages range from
$10,000 to the hundreds of thousands. The prospects are slim that
schools will have such machines available by the 1990s, if then. Such
an optimistic date will depend on significant corporate or federal
support for ICAI for educational purposes. Thus far, interest has
been limited to ICAI to train technicians and professionals in medi-
cine, industry, and the military, rather than to teach school chil-
dren.

What Needs to Be Done

We have identified a type of software--tools--which holds important
promise for children's learning and for use in classrooms* and which
can now be developed at a reasonable cost. However, this is only a
beginning. Creating software that benefits students and teachers in
classrooms will require collaborative efforts among technology spe-
cialists, educational practitioners, and researchers. All must con-
tribute to the design of the software, and the software itself must be
revised and refined in the light of what researchers find out from
students and teachers. Once the design, testing, revision, and
extensive classroom use has resulted in a viable educational product,
it will be possible to study the intellectual impact of such software on
students' learning.
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If technology is to make a significant contribution to education, we
must make thoughtful choices about how it can best be used, 'Having
made such choices, educators, researchers, arid developers must
collaborate in the design and production of effective software. Such
collaborative efforts will require a significant investment of resources,
without which there is little reason to hope that new technology will
make a difference to the educational life of the classroom.
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