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Chapter 1

Overview of Computers in
Eclucation

Note: This chapter is adapted from a chapter in the Computer-Integrated
Instruction Mathematics Notebook, developed under National Science
Foundation grant number TEI-8550588 (David Moursund, project director).
The adaptation draws heavily from a similar chapter in Long-Range
Planning for Computers in Schools, written by Moursund and Ricketts,
which was adapted from the same original source.

Brief Summary

A few schools have used computers for nearly 30 years. Thus, the
discipline of computers-in-education is quite well established. The
overall field can be divided into administrative, instructional and research
uses. The main focus of this chapter is instructional uses of computers in
schools.

The instructional uses of computers can be divided into three parts:
learning about computers (computer science, computer programming, and
the general theory of computers); computer-as-tool (Computer-Integrated
Instruction, or general use of the computer as an aid to problem solving
throughout the curriculum); and learning using computers
(Computer-Assisted Learning or Computer-Assisted Instruction).

Introduction

Computers are important and widely used in our society because they
are cost-effective aids to problem solving in business, government,
industry, education, etc. This chapter provides an overview of computers
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in education, with primary emphasis on instructional uses. The intent is
to lay a foundation for use of computers as an aid to problem solving
throughout the curriculum.

Computers in Education

The diagram below shows a structure of the overall field of computers
in education.

COMPUTERS iIN EDUCATION

Administrative
Uses

Instructional
Uses

Kesearch
Uses

Learn & Teach
About
Computers

Learn & Teach
Integrating
Computers

Learn & Teach
Using
Computers

As indicated in the diagram, the overall field of computers in education
can be divided into three main parts. While we will discuss each part, the
focus wiil be on Instructional Uses of computers. As the diagram
illustrates, instructional uses of computers can be divided into three
parts; later in this chapter we will discuss each part in some detail.

Administrative Uses

Running a school system is similar in many ways to running a business.
That is, a school administrator faces many of the same problems as does a
business administrator. A school system has income and expenses. It has
facilities and inventories. It has employees who must be paid and
employee records that must be maintained. And, of course, a school
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system has students who must be taught. Detailed records must be kept on
student performan.e, grogress and attendance. In some ways, students and
their parents are similar to customers in a business.

Computers can be cost-effective aids to accomplishing all of the
administrative-oriented tasks listed above. It is not surprising that
computers are extensively used for administrative purposes in most
Canadian and U.S. school districts. In some school districts this 1ise goes
back more than 25 years. Overall, the administrative use of computers in
schools is growing steadily.

At the current time there are two major approaches to administrative
use of computers in schools. One approach is centralization. A large,
centrally located computer system is used to serve a number of schools as
well as the district office. Some input and output operations may occur at
the school terminals, but most operations, especially those involving large
amounts of input and output, occur at the central facility.

An alternate, decentralized approach has gained considerable support in
recent years. Administratively oriented microcomputer systems are
located at individual schools. While in ihe past these were self-contained
microcomputers, now there is a growing tendency to hook them together in
a computer network. It has become clear that microcomputers can make a
substantial contribution to the efficiency of a school office.

This is a key idea. Personnel in a school office are faced with problems
that must be solved. Some of the problems require careful interaction
with people (faculty, students) and their solutions require good
interpersonal skills. Other problems lend themselves to use of computers
as an aid to tne storage, processing and retrieval of information. There
are many relatively routine "paper shuffling" tasks where appropriate use
of computers can greatly increase the productivity of office staff. There
are other, more complex tasks, such as bookkeeping and order processing,
where computers can be a significant aid.

It seems evident that there will be a continuing need for a central,
powerful computer system in most school districts. It is important to
have one small group of people be responsible for payroll, the nverall
budget, long-term student records, etc. Also, it seems evident that
on-site microcomputers will become increasingly popular. What is not so
clear is how and to what extent the central facility and the on-site
microcomputers should be networked together. Nor is it always evident
which computer applications are best accomplished at the school site and
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which are best accomplished at the central facility.

The problem of the design and implementation of a school district's
administrative computer system is a task for computer professionals who
can take into account hardware and software advances as well as changes
in the district. It is the type of problem whose solution requires broad
knowledge and experience.

Research Uses

Educational research is often directed toward solving a specific
educational problem or gathering information that can help solve a
particular problem. Educational research has benefited immensely from
computers. Many educational research projects involve collecting a large
quantity of data and subjecting it to careful statistical analysis. For
example, one may have a control group and treatment groups. Students in
the groups are extensively tested during various phases of the research
experiment, resulting in a substantial collection of data. Large libraries
of statistical programs have been available for more than 25 years. Now
such program libraries are even available on microcomputers. A
researcher who is knowledgeable in the use of statistical packages car
easily carry out a number of statisticai analyses on data that have been
collected.

The use of statistical packages illustrates an important idea about
roles of computers in problem solving. The type of educational research
we are describing requires careful thinking when defining the problem,
setting up the experiment, deciding which statistical analyses to perform,
and interpreting the results of the statistical analyses. A computer can
be used to perform the actual statistical analyses, and the researcher does
not need to know the details of how the computer performs these analyses.
Some problom solving tasks are better accomplished by machine and
others are better accomplished by the human mind.

Computers are making it easier to conduct longitiidinal research
studies. Detailed records on students, teachers, schools, and school
districts can be kept over a period of years. These records can then be
analyzed for patterns or trends that might not be evident from a manual
search.

Computer-Assisted Learning (which we discuss later in this chapter)
lends itself to exciting research. As students interact with computers
while studying a particular topic, the computers can collect and maintain
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detailed records. Analyzing these records helps determine which aspects
of the instructional program seem most effective, and which need
modification. Such formative evaluation is leading to significant
improvements in the quality of Computer-Assisted Learning materials and
will eventually have a profound impact on instruction.

It is important to understand that administrative, research, and
instructional uses of computers are relatively distinct fields of study. A
person might be an expert in administrative uses of computers, yet have
little knowledge of the statistical packages and statistical techniques of
a researcher. Similarly, a person might be an expert in instructional uses
of computers but have little knowledge of the hardware and software
needed in an administratively oriented computer system. In fact, the
number of people who are simultaneously experts in any two of these
fields is quite small.

The message should be clear. To solve problems in a particular
discipline one needs to know both the discipline and the aids to problem
solving within the discipline. A person can be quite knowledgeable in the
use of computers and still know next to nothing about solving school
administrative, research, or instructional problems .

Instructional Uses: Learn and Teach About Computers

0 The instructional use of computers can be divided into three main
parts. Learn and Teach About Computers focuses on the discipline of
computer science. (Here we use a very broad definition of computer
science, to include computer engineering, data processing, information
science, and so on.) This is a well-established discipline; hundreds of
journals and magazines publish a rapidly growing body of computer-
related research. The Association for Computing Machinery, a very large
professional society for computer scientists, was established in 1947.
Many college and university computer science departments are now more
than 20 years old.

Each academic discipline can be defined by the types of problems it
addressees. Computer science focuses on the computer as an aid to
problem solving and a rapidly growing body of ways to use a computer as
an aid to problem solving. A key idea is to develop a procedure (which can
be executed by a computer) to solve or help solve a particular category of
problem. Thus, computer science places a major emphasis on procedural
(or algorithmic) thinking.
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Research into student performance in introductory computer science
courses strongly supports the contention that students who have good
mathematical aptitudes and backgrounds do well in computer programming
and computer science courses. In recent years college-level computer

science courses have tended to become more rigorous and math-like. They

tend to emphasize the types of problem solving skills that are emphasized
in mathematics courses.

A few high schools began to experiment with teaching computer
programming in the late 1950s. This early use of computers in schools
provided solid evidence that high schoot students could learn to program in

assembly language or FORTRAN. However, computers were quite expensive

and not particularly accessible to high school students.

The development of timeshared computer systems and the BASIC
language in the early 1960s opened up the possibility of large numbers of
students learning to write computer programs. As timeshared computers

decreased in price, more and more schools began to offer a course in BASIC

programming.

By the early 1970s, it was becoming clear that computers were
beginning to transform our society. The Industrial Age had ended, and the
Information Age (sometimes called the Computer Age) had begun. Many
educators argued that all students should become "computer literate," and
that this is best accomplished through specific computer-oriented
coursework. Often the courses were introductory programming instruction
in the BASIC programming language. The trend toward students taking
computer programming increased rapidly as microcomputers became
available to schools in the late 1970s.

Now a counter trend is beginning to emerge as people realize that it is
not necessary to learn to write computer programs in order to make
effective use of a computer in solving a wide range of problems. Many
introductory courses have reduced their emphasis on computer
programming and increased their emphasis on using applications software
(computer-as-tool). Computer literacy courses have been developed that
contain little or no computer programming.

The rapid growth of applications-oriented computer literacy courses
have caused a number of educational leaders to ask, "Why limit such
instruction to a specific course? Might it be better for students if
computer applications were taught throughout the cirriculum?" The idea
is that students should make use of computer-as-tool in all courses where
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this is appropriate. That is exactly what Computer-Integrated Instruction
(Cll) iz about. We will discuss ClI more later in this chapte:.

The teaching of computer programming and computer science courses at
the precollege level is slowly beginning to mature. A Pascal-based
Advanced Placement course has been developed and .5 now widely taught.
This has tended to structure the high school computer science curriculum.
However, it is evident that this type of course appeals to only a small
percentage of high school students. Enrollment in courses that use BASIC,
Logo, or other non-Pascal-like languages remains high. However, total
enrollment in secondary school compu.er science and programming courses
seems to have peaked and and appears to be declining.

Logo has developed a wide following, particularly in elementary
s~hools. Some Logo-oriented teachers view the learring of Logo as an end
in itself, but most recognize the potentials of Logo as a vehicle for
illustrating and teaching various problem solving strategies and some
content. Also, the Turtle geometry part of Logo can help students learn a
number of important geometric ideas.

A number of research studies have tried to show th : students who
study Logo naturally and automatically develop improved problem solving
skills in other areas. Most of these studies do not support such a
contention. It appears that there is little "naturai” iransfer of problem
solving skill from a Logo environment to other environments. A good
teacher can greatly increase this transfer of 2arning of problem solving
skills.

Instructional Uses: Learn and Teach Integrating Computers

The second cawegory of instructional use of computers is
Computer-Integrated Instruction (Cll). It focuses on the computer as a
productivity tool--as an aid to problem solving or getting work done. One
aspect oi Cll is use of general-purpose application packages such as
database, graphics, spreadsheet, word processor, and telecommunications.
Each of these application packages is widely used in business, industry and
government. In education, each can be used at a variety of grade levels and
in a variety of courses.

A second aspect is developing applications software specific to a
particular disciplir.e. For example, a substantial body of software is
designed to help a person compose music. 3uch software makes possible
the teaching of musical composition to grade school students--which
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would be a significant change in the music curriculum.

It has long been recognized that precollege students could learn to
make use of computers as an aid to problem solving. The initial approach,
now dating Lack more than 25 years, was to have students learn to write
computer programs to solve specific categories of proolems. For example,
it was suggested that writing a computer program to solve quadratic
equations in a second year high school algebra course indicated real
understanding of that mathematical topic.

Initially such an approach to Cll made little progress because both the
programming languages and the computer hardware were not suited to
most precollege students. But the advent of timeshared computing and
BASIC helped change that situation. And then microcomputers, with
built-in BASIC, made it feasible for millions of students to ledrn to write
simple programs to solve specific ceiegories of problems.

However, it takes considerable time, as weli as specific talents, to
become a competent ccmputer programmer. Educators and students soon
recognized that the time was being takea away from *he study of
conventional subject matter. The movement toward integrating com juter
programming into various high school courses has long since peaked and
has been replaced by a trend toward using applications packages. This new
trend has accelerated as better applications packages have become
av~"'1ble for the types of microcomputers used in schools. An increasing
percentage of this sofiware is specifically designed for use in education.

Word processing can be used to illustrate both the general idea of ClI
and some inherent difficulties. Word processirg is a "generic" computer
application tooy, in the sense that it is applicable across the entire
curriculum, at all grade levels. It is quite clear that a word processor is a
cost-effective productivity tool for secretaries and for many people who
do a lot of writing. Moreover, word processors make it easier to do
process writing (prewrite, compose, conference, revise, publish). For
these reasons, some schools have decided to have all of their students
learn to do process writing in a ‘vord processing environment.

But it takes quite a bit of instruction to learn to make effective use of
a word processor. To learn proper keyboarding techniques and to keyboard
faster than one can handwrite takes a typical fourth grade student about a
half-hour a day for eight weeks or more. To learn toc compose at a
keyboard and make effective use of a word processor takes additional
instruction and practice.
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There are several additional difficulties. First, teachers have to learn
to provide the initial instruction and to work with students who do
process writing in a word processing environment. Even if the initial
instruction is provided by a specialist rather than the regular classroom
teacher, the regular teacher must work with students after the initial
instruction. All of the students' subsequent teachers face the same
problem. This suggests that large numbers of teachers will need to learn
to work with the idea of process writing in a word processing
environment.

Second, there is the matter of access to appropriate computer systems.
Once a student becomes adept at this mode of writing, the student will
want to continue its regular use. This can easily require providing each
student with a half-hour of computer time per day, a ratio of one computer
for every 10 to12 students, for this use alone. It also raises the issue of
needing to provide computer access to students at home after school and
on weekends. Thus, while computers can help address the writing
"problem," in doing so they create other problems such as equity. The
nature of real world problem solving is that the steps one takes to sclve a
particular problem may create other problems.

Third, there is the problem of testing--especially standardized testing.
Suppose a student has had some years of using a word processor. The
student has learned to approach writing projects using this productivity
tool. There is a good chance the student can write better and faster using
a word processor than using per-.: and paper. An appropriate assessment
of this student's writing skills requires giving the student access to a
computer during the test.

Fourth, once one has a word processor, it is quite helpful to also have a
spelling checker and a grammar/style checker. Such aids to writing may
have a significant impact on the nature of the writing curriculum. They
may require changes in textbooks, lesson plans, and the way class time is
structured. And once again the issue of testing arises. Should a student
be allowed to use spelling and grammar checkers when doing writing for
an essay test?

These four types of difficulty-training, access, testing, and
curricular change--occur for ail Cll applications. The problem of
teacher training is gradually being addressed by colleges of education, and
most school districts have expended considerable resources to help their
teachers become comiputer literate. The problem of access to appropriate
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hardware and software will be with us for some time. It can be overcome
through appropriate allocations of money. The testing problem is being
addressed by a number of agencies involved in widespread assessment. For
example, some states and provinces now allow use of calculators on

certain tests. However, it seems clear that this will be a long-term

problem. Textbook companies are slowly beginning to address the issue of
integrating computer-as-tool into their product lines. School districts

and individual teachers interested in making more rapid progress are
developing their own curriculum materials.

Instructional Uses: Learn and Teach Using Computers

The third major category of instructional uses of computers is use of
computers to help deliver instruction. This use has been called
computer-assisted instruction, computer-based instruction,
computer-assisted learning, etc. We will call it Computer-Assisted
Learning (CAL), which puts the emphasis on the hoped-for results.

CAL is sometimes divided into categories such as drill and practice,
tutorials, and simulations or microworlds. Most CAL systems include a
record keeping system, and some include an extensive diagnostic testing
and management system. Thus, computer-managed instruction (CMI) is
sometimes considered to be a part of CAL.

Initially most CAL material was designed to supplement conventional
classroom instruction. For example, elementary school students might v3e
mathematics drill and practice materials every day for 10 minutes. (Mucn
of the initial research on CAL conducted during the late 1960s and early
1970s was based on a paradigm of 10-minute drill sessions.) Butas
computer hardware costs have declined and more CAL materials have been
developed, there is some trend toward the implementation of substantial
units of study and/or entire courses. Declining hardware costs are making
such CAL economically feasible. Indeed, in some situations such courses
are now less expensive to offer than teacher-taught courses.

CAL has been heavily researched over the past 30 years. The evidence
strongly supports the educational value of using CAL in a wide variety of
settings. Much of the success of CAL may be explained by three factors:

1. Students using CAL (on average) spend more time on task. Since
learning correlates well with time on task, students (on average) learn
faster using CAL.
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2. Students work with materials appropriate to their ages and specific
needs. This individualization of instruction increases efficiency.

3. CAL materials can incorporate good practices of instructional and
learning theory. Formative evaluation can provide a basis for improving
CAL materials under development. Through this approach, the quality of
commercially available CAL materials is gradually being improved.

Computer simulations in education are of growing importance. They
can help create educationally sound learning environments that are fun,
exciting, and conducive to learning. In essence, a simulatitn creates a
problem solving environment in which students can practice a variety of
problem solving techniques. Some simulations are used by individuals or
small groups. Others are used by the whole class, with the teacher
facilitating the class' interactions. Needless to say, such uses of
computers require changes in the way most classes are usually run, and
they require quite a bit of staff development. Also, they require computer
access in the regular classroom.

CAL holds great potential. It facilitates individualization of
instruction and increased educational opportunities. It facilitates
learning at home and on the job as well as while at school. It is clear that
CAL will be of steadily growing importance in our schools. Long-range
planning must address appropriate roles of CAL and assume that CAL
software will continue to improve.

Computer-Integrated Instruction and Problem Solving

Many work environments now include a computer or computer terminal
for every employee. This will become more and more common, since
computers are such useful aids to solving problems and increasing human
productivity. You can assume that increasing numbers of today's students
will use computers when they go to work. (A 1986 estimate indicated that
14 percent of the labor force in the United States was using
general-purpose computers regularly on the job.)

Research on transfer of learning strongly supports the position that
instruction and training should closely parallel the final desired behaviors.
If we need workers adept at using computers to aid in solving problems,
we should integrate computer use as students develop their basic problem
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solving skills and strategies. For these and other reasons, Cll will grow
rapidly for many years to come.

As Cll increases, both teachers and students will begin to question the
content of many of their courses. If a computer can solve or help
solve a particular type of problem, what should students iearn
about the problem? Is it necessary and appropriate to learn to solve
each type of problem using only Industrial Age aids such as book, pencil
and paper? Or should schools focus more on underlying concepts and help
students gain an overall understanding of problems that computers can
solve?

In some cases an answer will be forced on schools. Libraries are being
computerized. Card catalogues are being replaced by computerized
information retrieval systems. Important publications and data are
available only in computer databases. Since learning to access
information is an essential component of education, students will have to
learn to use databases and computerized information retrieval systems.

In other cases schools will have many options. For example, consider
the impact that handheld calculators have had on the upper elementary
school and middle school mathematics curriculum. While the potential for
calculator-integrated instruction is large, the actual impact on the
curriculum has been minimal. This is true in spite of 10 years of strong
support from the National Council of Teachers of Mathematics for
integration of calculators into the curriculum. In April 1986 the NCTM
issued still another strong statement recommending calculator use at all
grade levels.

Much of the short-term potential for CIl depends on how well our
educational system addresses the issue of inservice education. All
current teachers can learn to make effective use of Cll. Given appropriate
inservice educational opportunities and access, many will do so. Every
school and school district should have a staff development plan that
provides appropriate opportunities for all teachers to become competent
users of computer-as-tool.

References
Bork, Alfred. Personal Computers for Education, Harper & Row, 1985.

Chandler, Daniel. Young Learners and the Microcomputer, Open University
Press, 1984.

Computers and Problem Solving: An Independent Study Course
Date Printed: December 30, 1987
Chapter1/Page 12

17




Gebhardt-Seele, Peter A. The Computer and the Child: A Montessori
Approach, Computer Science Press, 1985.

Merrill, Paul F.; Tolman, Marvin N.; Christensen, Larry; Hammons, Kathy;
Vincent, Bret R.; and Reynolds, Peter L. Computers in Education,
Prentice-Hall, 1986.

Moursund, David. Introduction to Computers in Education for Elementary
and Middle School Teachers, ICCE, 1983.

Moursund, David and Ricketts, Dick. Long-Range Planning for Computers in
Schools, Information Age Education, 1987.

Moursund, David et al. Computer-Integrated Instruction Inservice
Mathematics Notebook. (To be published by ICCE in early 1988.)

Nathan, Joe. Micro-Myths: Exploring the Limits of Learning with
Computers, Winston Press, 1985.

Taffee, Stephen J., Ed. Computers in Education, Second Edition, Dushkin
Publishing, 1986.

Taylor, Robert, Ed. The Computer in the School: Tutor, Tool, Tutee,
Teachers College Press, 1980.

Computers and Problem Solving: An Independent Study Course
Date Printed: December 30, 1987
Chapter 1 /Page 13

18

R SSGaEGSeS————————————————— L




Chapter 2

rligher-Orcder Skills

Note: This chapter is a slightly modified version of Chapter 4 of High
Tech/High Touch: A Computer Education Leadership Development Workshop
written by David Moursund. The book consists of 15 chapters and is
written as a sequence of workshop sessions. Each workshop session is
abot't two to four hours in length. The workshop involves a considerable
amount of small group interaction and focuses on the balance between
people-oriented skills and technically oriented skills. Workshop
participants have already received instruction and practice in Active
Listening. By this stage of the workshop they are quite comfortable in
interacting both in small group and large group discussions. The written
materials attempt to capture the spirit of being in such a workshop
setting.

Goals
1. Toincrease understanding of the "back to basics" movement and of the
issues involved in lower-order versus higher-order skills.

2. To understand the potential impact of computers on the current balance
between lower-order and higher-order skills in our educational system.

skills.

Bloom's Taxonomy

Within each academic discipline there is a continuum of knowledge and
skills. This continuum can be viewed or divided in a number of ways. For
example, Bloom divides the continuum into (1) knowledge, (2)

3. To examine ways to make use of computers in increasing higher-order
\

|

| comprehension, (3) application, (4) analysis, (5) synthesis, and (6)
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evaluation (Bloom, et al., 1956). Others merely talk bout lower-order and
higher-order skills.

The "basics," or lower-crder end of the knowledge continuum, for a
particular discipline consist of the facts and skills that serve to define
the discipline and allow one to recognize and solve some simple, low-level
problems of the discipline. In discussing these lower-order facts and |
skills one might emphasize terms such as recall, training, speed, and
accuracy. In mathematics, for example, the one-digit addition facts are
considered to fall on the lower end of the Bloom's taxonomy scale.

The high-order end of the continuum of knowledge and skills within a
discipline is discussed using such terms as analysis, synthesis,
interpretation, evaluation, inquiry, reasoning, and problem solving. These
are often called thinking skills. In this session we will use the terms
thinking skills and higher-order skills interchangeably.

WHOLE GROUP EXERCISE: Compile a list of terms used in talking about
lower-order skills; compile a second list used in talking about

higher-order skills. This can be done by putting the headings Lower-Order
Skills and Higher-Order Skills on an overhead projector. Then have
workshop participants make contributions to first one list, then the other.
The ¢ irpose of the exeicise is to get participants involved and actively
thinking about lower-order versus higher-order skills. (Note to people
enrolled in the Independent Study course: An activity such as this can be
used with students at a variety of grade levels and in a variety of
disciplines. The idea is to get students to begin to think about thinking

and to think about learning. This metacognition is an important aspect of
education for improving higher-order skills.)

WHOLE GROUP EXERCISE: Have the participants in the workshop think about
how much time they have their students work on lower-order skills and

how much time on higher-order skills. The result is to be expressed as a
percentage of time spent on lower-order skills, rounded to the nearest 10
percent. Then gather summary statistics from the participants by asking

for data from elementary school teachers, middle school or junior high

school teachers, and senior high school teachers.

Lower-Order and Higher-Order Skills
In recent years there have been a number of studies and reports
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recommending that schools place increased emphasis an higher-order
skills. Goodlad, for example, comments on the irony of how much social
studies instruction emphasizes lower-order skills when instead it could
be developing reasoning skills such as "deriving concepts from related
events, testing in a new setting hypotheses derived from another set of
circumstances, exploring causal relationships, drawing conclusions from
an array of data..." (Goodlad, 1983).

The Paideia Group analyzes disciplines in terms of (a) acquisition of
organized knowledge, (b) development of intellectual skills--skills of
learning, and (c) enlarged understanding of ideas and values (Adler, 1982).
The third classification emphasizes higher-order skills, and the Paideia
Group recommends that this classification receive increased attention.

Summaries of a number of books and reports arguing for increased
emphasis on higher-order skills are give in a recent Educational
Development Center book (Felt, 1985). Summaries of 11 recent articles on
improving students’ thinking skills are given in a publication by ERIC
(1984). The general flavor of such literature is that that leading
educators believe our educational system should be placing increased
emphasis on problem solving. Most of this literature suggests that we
have placed too much emphasis on lower-order skills during the past 15
years.

WHOLE GROUP EXERCISE: 5 minutes. Pick a discipline you know well. Make
2 biief list of some of the main lower-order skills in the discipline; make

a brief list of some of the higher-order skills. The purpose of this

exercise is to help werkshop participants understand that they can readily
differentiate between lower-order and higher-order skills.

DEBRIEF: Ask if anyone had problems differentiating between lower-order
and higher-order skills. If so, have them share their examples.

One way to view the lower-order versus higher-order issue is that the
lower-order facts and skills are the fundamental building blocks one
repeatedly uses when carrying out higher-order processes. This type of
analysis can be used to lend support to the "back to basics” movement. The
argument is that one cannot expect to acquire higher-order skills without
having the lower-order skills. "You've got to learn to crawl before you can
learn to walk. You've got to learn to walk before you can learn to fly."
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Both common sense and substantial research support this position
(Fredericks2n, 1984).

The back to Lasics movement received considerable attention and
support during the 197Cs and early 198Cs. National and state assessments
indicate that progress actually cccurred in improving scores on tests of
the basics. That is, overali decliries in large ccale assessments (such as
the SAT scores) represent substantial declines in higher-order skills that
were only partially offset by increases in lower-order skills (Felt, 1985,
page 27). In essence, as all teacs.ars know, we can "teach to the test." If
national assessment is going to emphasize lower-order skills, our school
systems will emphasize lower-order skills and test scores in these areas
will go up.

During this same time span we have begun to obtain some usable
international assessment results. National ana international results from
mathematics assessment have proven quite discouraging to mathematics
educators in the United States (Carpenter et al., 1981; Travers and
McKnight, 1985). Japan, for example, has a higher high school completion
rate than the United States. Although top U.S. students do as well as top
Japanese students in math achievement, the mean achievement scores 0.
the entire population strongly favor the Japanese.

WHOLE GROUP EXERCISE: 5 minutes. Pick a discipline you you know
reasonably well. Make two lists of basics or lower-order skills. The first
list is to be specific to the discipline you select. The second list is to be
skills that are not specific to the discipline, but essential to the

discipline. Here we are looking for basic skills with high transfer value.
The ability to use a dictionary to check the spelling or definition of a word
might fall into this latter category. Reading words has high transfer value
while reading music has much lower transfer value.

GROUP DISCUSSION: Using ideas from workshop participants, create a list
of basic skills that are not specific to any particular discipline. For each

item on the list, check to see if some people also included it within their
specific discipline list. Finally, for each item on the list, discuss whether
computers and other related technology are having or will have any effect.
Look for general patterns of how computers might make a difference in

basic skills. Are there differences that are suggested pedagogy or

content?
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While the past decade has seen increased emphasis on basics, general
educational research and progress in technology have been whittling away
at this extreme emphasis on lower-order skills. Educational leaders have
argued that there is too much emphasis on basics (Sizer, 1984). "In a
recent poll of professional educators, nine out of 10 respondents said that
better instruction in thinking skills should be a priority in educational
planning for the coming years," (Beyer, 1984). Moreover, there has been
substantial progress in understanding problem solving and how to help
students become better problem solvers. An excellent review of the
literature on teaching problem solving is provided by Fredericksen (1984).
A key point is that students become better at problem solving ir; «
particular discipline if they are given specific instruction and practice in
problem solving in that discipline. As with lower order skills, students
learn what is taught.

Transfer of Knowledge and Skills
For simplicity, let's keep in mind a "reading, writing, arithmetic"
definition of basics. To a large extent, we see:

1. There is use of these basics in many disciplines.
2. There is transfer of learning of basics.

The latter point is quite important. For example, basic arithmetic skills

learned in a math class are apt to be used by students in non-math classes.

Basic reading skills obviously transfer to other disciplines, even though
there is need for special instruction in how to read technical materials
such as math and science.

There is substantial literature on transfer, and we won't go into it
here. Roughly speaking, the literature indicates that the more closely
alike two situations are, the more transfer will occur between the two.
(The literature talks about near transfer and far transfer. If one learns to
tie one's left shoe it is a near transfer to learn to tie the right shoe. If
one learns metric measurement in a math class, it may be a far transfer to
using this knowledge in a science class, and still farther to using itin a
setting outside of school.) If one wants to teach for transfer, give many
examples from a wide range of possible applications of the knowledge and
skills being studied.
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Transfer of learning is one of the most important ideas in education,
and it is also a poorly understood idea. It seems desirable to include in
our educational system basic knowledge and skills that readily transfer.

But many people have a mental image of a mind as a muscle, and that ‘
exercising the mind develops its general capabilities. For example, they

tend to beiieve that studying geometry, algebra and higher math makes one

into a better thinker and overall problem solver. Earlier generations of

educators used the same arguments to support the study of Greek and

Latin. There is little evidence to support this position, and it has largely

been discarded by educational leaders.

But we now have a new generation of computer educators who feel that
tiie teaching of problem solving in a computer programming environment
will make students into better problem solvers. Not suiprisingly, research
evidence to support this contention is sparse. Indeed, even though
mathematics problem solving and problem solving in a computer
programming environment seem closely related, relatively few studies
have found transfer from computer programming to math problem solving
skills. Note, however, that high scores on mathematics aptitude tests
correlate highly with achievement in computer programming and
introductory computer science courses.

INDIVIDUAL AND TRIAD GROUP EXERCISE: 10-15 minutes. Each individual is
to select a specific discipline and make a brief list of higher-order skills

for that discipline (five minutes). Then, working in triads, aiscuss the

lists. Look for examples of higher-order skills specific to one discipline

that seem to transfer easily to another discipline. Look for higher-order

skills that seem quite specific to a single discipline, with little transfer

value.

DEBRIEF: Via group sharing, make a list of examples of higher-order skills
that transfer. Look for patterns, or for some general theory that would

help explain transference or lack thereof. Make sure that the discussion
includes an examination of which of these high-transfer, higher-order

skills are emphasized in our educational system. Do computer-related
examples get mentioned?

Computer Simulations
The debriefing discussion for the previous exercise may move in the
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direction of simulations or computer simulations. Research into use of

educational simulations supports the idea of giving students opportunities

to practice the skills they will later be expected to perform. For example,
e many of the skills required to fly an airplane can be practiced in a flight
simulator. Good transfer of learning occurs because the flight simulator
is very similar to a real airplane. (That is, it is a near transfer from the
flight simulator to the real airplane.) Similarly, much of modern
laboratory science makes use of very sophisticated instrumentation--
equipment that is beyond the financial reach of most high schools. But a
number of excellent simulations exist that can help students gain a deep
understanding of a variety of fundamental experiments. Their use is
supported by science educators (Steidley, 1983).

During the past 20 years there has been substantial research on
educational simulations covering a broad range of traditional school
topics. The computer-based educational simulations developed under an
NSF project directed by Ludwig Braun in the early 1970s (the Huntington
Project) provided excellent examples of what could be done with the
computer equipment available to schools at that time. Now an
increasingly wide range of computer-based educational simulations are
becoming available. A recent Ph.D. dissertation at the University of Oregon
contains an excellent survey of the literature and an in-depth study of a
simulation designed to help students learn key ideas in personal heaith
(Woodward, 1985). The dissertation study supports the contention that a
computer simulation can be used to help students gain applicable skills in
the personal health area. In Woodward's study the simulation was used as
a supplement to conventional instruction, covering and reinforcing the
same materials. This seems to be an effective approach.

WHOLE GROUP DISCUSSION (IF TIME PERMITS): Ask workshop participants
to share some of their personal expariences in making use of computer
simulatior:s with students. What evidence can the workshop patrticipants

provide on the efficacy of using the simulations? (As an example, many
educators are familiar with the Oregon Trail simulation from MECC. What

do students learn from using this simulation?)

While many computer educators strongly support use of simulations,
few can cite relevant literature to support such use. Instead, they have a
“gut level" or "intuitive" feeling that it is good %o use simuiations. In
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essence, the simulations have fau validity.

Three Examples

The issue of what constitutes an appropriate t-alance between
instructional emphasis on lower-order skills and instructional emphasis
on higher-order skills is crucial. In this section we provide three
examples; in each case we see how technology (especiaily compute: based
technology) is entering the picture.

GRwJP DISCUSSION EXERCISE: The three examples given in the next few
pages are:

1. Writing.
2. Mathematics.
3. Information retrieval (databanks).

Divide workshop participants into groups of perhaps 10 people each, with
each group selecting one of the three examples. Each group is to spend
about a half-hour discussing the ideas of the example. Major emphasis
should be placed an higher-order skills (problem solving) in the discussion.
Add to and/or expand the ideas. Discuss the likelihood that the changes
being suggested will accur--and if so, when. What can computer education
leaders do to hasten the proposed changes? Should they do this?

EXAMPLE 1 (WRITING)

The overall process of writing involves some lower-order skills such
as spelling, grammar, and handwriting. But in total, writing is a
higher-order process, requiring use of many higher-crder skills. Both
prewriting and writing involve careful and reasoned analysis,
interpretation, and organization of ideas. Good writing involves repeaied
revision based on feedback provided by oneself and others. If wiriting is
evaluated holistically with emphasis on higher-order processes, then a
program of study emphasizing speliing, grammar, and handwriting does
little to improve a student's writing. Note also that the issue of time
spent on teaching/learning cursive writing is important. Time spent on
cursive writing could be spent learning keyboarding and in practicing
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writing.

Technology has produced the typewriter and the word processor.
Techriology has produced the computerized spelling checker and
computerized grammar checkers that can run on a microcomputer.
Research has produced the idea of process writing--for example, as ‘aught
through the Bay Area Writing Project. Process writing includes
prewriting, composing, revision (using feedback generated by self and
others) and presentation of the final product.

Recently, the technology and research in writing have begun to combine.
Students are learning to do process writing in a word processing
environment. Two doctoral students at the University of Oregon recently
completed their dissertations in this area (Boone, 1985; Wetzel, 1985).
They have developed a successful model for helping teachers learn to teach
process writing in a word processing environment. It seemc likely that
eventually all students will enter secondary school having grown up in a
process writing environment; they will be reasonably skilled at using a
word processor. Meanwhile, this is a problem situation that must be
attacked at both the elementary and secondary school levels. For many
years to come the majority of secondary school students will lack these
word processing and process writing skills.

Please read the last paragraph of the next section, as it is also
applicable to this section.

EXAMPLE 2 (MATHEMATICS)

In mathematics, lower-order facts and skills include vocabulary,
notation and computation. The elementary and middle school mathematics
curriculum places substantial emphasis on students developing both
accuracy and speed in paper-and-pencil computational skills. The core of
the grade school mathematics curriculum is built around such computation.
Generally, performance in computational tasks is a key determiner as to
the mathematics track students follow in junior high and high school.

(Note that many quite good mathematicians have relatively poor
lower-order skills in mathematics. It may be that piacing emphasis on
lower-order skills actually screens out a number of people who could
become quite good mathematicians.) Thus, tremendous .mounts of time
are spent on computation. Grayson Wheaey, a well known mathematics
educator, estimates that the typical U.S. student completing the ninth
grade has spent 200 hours studying and practicing paper-and-pencil long
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division of multidigit numbers (Wheatley, 1980).

Teaching students to add, subtract, multiply and div.  fractions also
receives considerable attention in the mathematics curriculum.

Wheatley's estimate 0.1 time spent on long division may also be a good
estimate of time spent learning to calculate with fractions. (Note that if
one uses a metric system of measure, the need to calculate with
nondecimal fractions is greatly reduced. A complete switch to metric
would allow a substantial decrease in emphasis on calculation with
fractions.)

Now, of course, we have the calculator and the computer. For many
years, the National Council of Teacher of Mathematics (NCTM) has
recommended increased use of calculators and computers (NCTM, 1980).
Recently NCTM has come out with the even stronger recommendation that
the entire math K-12 math curriculum should incorporate use of and
adequately reflect ine capabilities of calculators and computers (NCTM,
1985). The recommendation is that much less time be spent on
lower-order, paper-and-pencil computational skills, and that more time be
spent on higher-order skills. Problem solving is to be emphasized
throughout the mathematics curriculum.

These same NCTM reports point to the fact that students do not do well
in transferring their mathematical knowledge to other subject areas. For
example, many students do not seem to realize that mathematical
techniques are important in the social studies. Social studies courses
tend to make relatively little use of the graphing, equation-solving, or
mathematical modeling techniques students learn in mathematics classes.
Sizer addresses the fact that our secondary school system is quite
discipline oriented, whereas real-world problems tend to be
interdisciplinary (Sizer, 1984, page 133).

It seems likely that eventually all secondary school mathematics
classes will meet in a computer lab, with perhaps one computer per
student. Moreover, eventually students will enter secondary school having
had many years of experience in using calculators and computers as aids
to learning mathematics and as aids to doing mathematics. If current
trends continue, many of these students will have had substantial
experience with Logo while in elementary or middle school.

Mathematics is a particularly interesting area for discussing the
potential impact of computer-based technology on the lower-order versus
higher-order skills area. From the point of view of a fifth grade student
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or teacher, the long division of multi-digit numbers is a higher-order task.
But it takes only a few minutes of instruction in using a calculator for a
typical fifth grade student to acquire long division skills exceeding the
average paper-and-pencil skills of students who are several years older.
that is, this higher-order task becomes a lower-order task through the use
of a calculator.

The calculator and long division example is just the tip of an iceberg.

In caleulus, for example, students learn to differentiate and integrate a
wide range of functions. But computer programs (for example, Mu-Math,
which runs on a microcomputer) can accomplish such tasks. Indeed, there
are now hand held calculators available that can accomplish many of these
tasks. These calculators can also graph functions and automatically solve
equations. From the viewpoint of a student just beginning differentiation
and integration, these are certainly higher-order skills. But from the
viewpoint of an accomplished mathematician, they are lower-order skills.
The fact that they can be computerized both lends credence to their
classification as lower-order skills and allows of a shift of emphasis in

this area of mathematics education. Some of the time spent developing
speed and accuracy in by-hand differentiation and integration could be
spent developing higher-order nroblem solving skills in calculus.

In both the writing and the math examples, the overall goal is to have
students develop improved higher-order skills. In both cases there is
research that suggests increased emphasis on lower-order facts and skills
does little to improve the higher-order skills. In both cases technology is
serving as a change agent or motivation for considering change. In both
cases computers can carry out or help carry out some of the key
lower-order tasks. In both cases the computer technology is not central to
the disciplines but provides a strong excuse for reconsidering what is
currently done in school and enables significant change. The disciplines of
writing and mathematics remain as core disciplines in the curriculum.

EXAMPLE 3 (INFORMATION STORAGE AND RETRIEVAL)

An excellent third example is provided by the general area of
information storage and retrieval. Here we work with the basic idea of
learning facts versus learning where and how to retrieve the facts. The
memorization of some facts is essential to everyday functioning and to
developing higher-order skills in information retrieval. But easy access to
large quantities of stored information (such as in a large library) tends to
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increase the value in having good higher-order skills in retrieving
information and using retrieved information. That is, the balance between
memorization of facts and acquiring thinking skills that make use of facts
is shifted by easy access to information.

This balance underwent a major shift when reading and writing were
frstinvented. It underwent another major shift when movable type for
the printing press was invented. Reading and writing provide a supplement
to memorization and oral communication.

Now we have Computer-Based Information Systems (CBIS). This
discipline has made very rapid progress over the past 20 years. Gerald
Salton has been a leader in the field during this time. [t is interesting to
compare his 1968 and 1983 books, which contain broad coverages of the
field (Salton, 1968; Salton and McGill, 1983). There has been substantial
progress both in the underlying theory as well as in hardware and
software. CBIS is now a major field in computer science and an important
part of modern librarianship studies.

The hardware progress in CBIS is, of course, the driving factor. For
example, in 1965 the University of Oregon was quite proud of its newly
installed IBM 360/50 compuier that cost abuut a million dollars. It had
two 5-megabyte magnetic disk drives, along with the more common
magnetic tape drives. Now many purchasers of microcomputers are
including 10-megabyte or 20-megabyte magnetic disk drives. The
manufacturer's cost of a 10-megabyte disk drive is about $200! One can
add a 10-megabyte disk drive to many microcomputer systems for about
$500.

IBM is now marketing a magnetic disk storage system that will store
five billion characters of information (a gain by a factor of 1,000 over the
past 20 years.) Five billion characters is roughly equivalent to the total
contents of a typical elementary school library. But the whole storage
system is smaller than a typical desk. IBM expects to sell many thousands
of these magnetic disk storage systems.

Progress in laser videodisc technology for databases is even more
exciting from an educational viewpoint. A laser videodisc is not erasable.
[Note: Write Once Read Many (WCRM) laser videodisc systems have been on
the market for a couple of years. In 1987 they became available for
microcomputer systems. Videodisc systems with erase/write capabilizies
are just beginning to come to market. Currently they are reasonably
expensive and not quite as reliable as one might like.] But the videodiscs
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are quite cheap to produce in quantity. That is, once a laser videodisc has
been produced, copies can be made by a stamping process not unlike that _,
used to mass produce phonograph records. A single videodisc, smaller than
five inches in diameter, can store 500 million characters-—-the equivalent

of 500 long novels. The cost of producing multiple copies is perhaps a
dollar or two apiece.

Laser videodisc technology has already entered a mass production stage
for the home hi-fi music system market. A medium quality laser videodisc
player for digitized music now retails for under $300. Laser discs for
storage of computer data use almost the same technology. While some
additional expense is entailed in connecting such a laser videodisc system
to a computer in order to access databases stored on videodiscs, it is
evident that this technology will provide a major breakthrough in the cost
of storing and retrieving large amounts of information. A half dozen
manufacturers expect to begin marketing microcomputer laser videodisc
systems in late 1985 or early 1986, with prices expected to be under
$1,000 excluding the computer. Indeed, the Atari system is supposed to be
priced in the $500 range. [Note: As of March 1988, this prediction is not
proving to be very accurate. A laser disc system is now available for the
IBM PC and for the Apple lle. The former costs in the range of $1,800. The
latter costs even more, since it requires adding a substantial amount of
memory to the Apple. There is still talk that a cheaper system will "soon"
be available for the Atari. However, th