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Preiace

This book is designed to help three types of educational leaders:

1. Educators who are currently learning to design and present inservice for integration of the
computer as a tool into the curriculum. These will mainly be well established and quite
experienced teachers; they will frequently be school building level computer coordinators or
computer representatives.

2. Educators who are already inservice providers, but who might benefit from a overview of
some of the underlyiag theory and ideas of effective inservice practices, as well as from
access to inservice evaluation materials.

3. Educators who are hiring, supervising, or evaluating inservice providers for computer
integrated instruction.

In addition to specifically targeting the needs of the three t pes of practitioners mentioned
above, the book is firmly rooted in the research literature of effective inservice. The literature
surveys and references it contains are useful to graduate students and researchers in the field of
effective inservice.

Effective inservice has been a topic of research and vriting for many years. There is a large
amount of literature on how to dzsign and implement irservice so that it will accomplish its goals.
However, most of this literture is quite general in nature. Relatively little of it is based specifically
on the problems facing inservice facilitators in the area of integrating the computer as a tool into the
curric Hum.

I first began to do inservice education in the summer of 1965. It was then that I designed and
.mplemented a course for secondary schcol math seachers that focused on roles of computer as a
tool in the math curriculum. The course was relatively ineffective because I had little knowledge of
how to effectively work with inservice teachers. A book such as this would have been very useful
to me.

Since then I have designed and conducted a very large number of computer oriented inservice
workshops and courses for teachers. Through trial and error (with more errors than 1 iike .0
admit) I have learned a great deal about how to design and conduct an effective computer integrated
instruction inservice. Frequently my work has been supported by grants from the National
Science Foundation. During 1985-1989 I received funding from the National Science Foundation
specifically to do research and development on effective inservice for integrating tool use of
computers into the precollege curriculum. This book summarizes some of the results of my
many yeass of experience, my personal research, and the experience and research of many
other educators.

A Map to the Contents of this Book

The overriding goal of this book is to help improve our educational system. This book can help
inservice providers as they work to achieve that goal. The book is divided into three major parts.

Part 1 contains general background information that underlies the tool use of computers in
schools. In essence, it is a short computers in education course specifically designed for computer
ntegrated instruction inservice facilitators. If you havs a solid background in tt.z field of computers
in education, you will be able to skip much of this part of the book.
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Part 2 focuses on what is known about effective inservice, and in particular about inservice for
computer integrated instruction. Most re.ders will find that this is the heart of the relevant materal
in the book.

Part 3 contains instrumentation for needs assessment, formative evaluation, and summartive
evaluation of an inservice. It focuses on the importance of needs assessment, formative evaluation,
and summative evaluation in an inservice.

The contents of this book have been extensively tested in a series of inservices on effective
inservice conducted during the fall and winter of the 1988-89 academic year. If you have
suggestons for additions or revisions, please feel free to contact me.

A number of writers have contributed to the contents of this book as it evolved through the
work of the National Science Foundation project that I directed during 1985-89. One large,
section was written by Gall & Renchler and was originally published by ERIC. Several
substartial parts of the book were written by Vivian Johnson while she was a member of the
NSF project team and was doing her doctorate rescarch. A number of the ideas in this book
were conuributed by my graduate students who participated in my seminar on effective
inservice. I want to thank all who contributed!

Dave Moursund
April 1989




PART 1: INTRODUCTION AND BACKGROUND

Chapter 1.1
Education for the Information Age

The Information Age

The Information Age officially began in the United States in 1956. At that time the number of
people working in a variety of "white collar” service and information-types of jobs first exceeded
the number working in industrial manufacturing "blue collar" jobs. Mental power and interpersonal
skills were becoming of increasing importance. Clearly the Industrial Age was ending and major
change was afoot (Naisbitt, 1984).

Information Age occupatons include teacher, grocery store clerk, nurse, banl: teller, <lerk in a
fast food restaurant, data entry clerk, and computer programmer. In some sense, the title
Information Age was initially quite a misnomer. The great majority of the change going on was
from industrial manufacturing jobs to service jobs. In many cases the change was from jobs
providing an upper middle class standard of living into jobs providing a lower middle class or even
lower standard of iving. It is evident that there is quite a difference in the occupations and pay of a
clerk in a fast food restaurant and a skilled worker on an automobile assembly line. It is also
important to note that while many of the new jobs required little or no knowledge of computers and
their uses, on the average they required a much higher level of education than the old jobs.

Gradually the "Inforration Age" misnomer has become less of a misnomer. The computer
industry was growing quite rapidly in 1956, and has continued to grow. Wher the Information
Age was about 20 years old, the computer industry developed and began to mass produce
microcomputers. Gradually microcomputers have become a dominant force in the computer
industry. Over the last two years microcomputer sales have exceeded 8 million machines per year
in the United States. The microcomputer industry is now larger than the mainframe computer
industry. Many of the newer microcomputers have far more compute power than the mainframe
computers in use when the Information Age began. Many people now have computers in their
hoines that are better than the million doltar computers of 1956.

Computers are only one part of the technology that is of growing importance in our
Information Age. In 1956 we did not have transistor radios and television sets. We did not have
telecommunication satellites and fiber optics. We did not have electronic digital watches and hand
held, solar powered calculators. We did not have laser discs for the storage and retrieval of pictures
and data. We did not have Fax machines that could be used to rapidly transmit high quality images
of a printed page through ordinary telephone lines. We did not have an information explosion, in
which the amount of knowledge in some fields such as medicine and computer technology is
doubling in less than five years.

What we did have in 1956 was an educational system designed for an Industrial Age society,
but with some key holdovers to the Agricultural Age. (The long summer vacation break is a
holdover from the Agricultural Age.)

There seems little need to go into detail about key characteristics of an educational system
designed for an Industrial Age society. Almost all current educators were educated in such schools,
and1 cglcr current schools are still firmly entrenched in the Ir.dustrial Age. A few key characteristics
include:

Chapter 1.1 Page 1

s
&)




1. Mandatory attenuance to a set age, with progress measured mainly by clock hours of
attendance rather than by quality and quantity of knowledge and skills attained.

2. Major emphasis on memrorization and on providing rapid responses to questions focusing on
lower-order skills; not too much emphasis on higher-order skills.

3. Little individualization of instruction, substandal lock stepping of students into same age
peer groups.

4. Curriculum that is mainly cetermined by a relatively smail number of textbooks, using a six
year adoption cycle, with the books often having quite a (ong revision cvcle.

5. Curriculum that changes very slowly.

6. Individual teachers in self-contained classrooms. Elememary school teachers dealing with
20-30 students, and the entire range of the curriculum. Secondary school teachers dealing
with 100-150 students and a narrow part of the curriculum.

7. Substantial emphasis on accountability, with accountabilit, most often being measured by
student performance on standardized tests.

Of course, there are some signs of change. For example, at one time it was quite common for a
teacher to receive lifetime certification upon completing the standard teacher training program. Now
there is a strong awareness that teachers need to be lifelong leamers and that their continued
certification should take irnto consideration their continued academic growth. Teachers need to
know about computers, telecommunications, and information retrieval systems because these
topics are closely related to a number of goals of schools.

Another major -ign of change is the large amount of attention that is now being given to higher-
order skills and problem solving. Essentially every educational journal and magazine has carried a
number of articles on these topics in recent years. Studies that make national recommendations for
school change and improvement all pay particular attention to higher-order skills and problem
solving. Unfortunately, the impact on the school curriculum has been minimal.

A Staff Development Problem

When the Information Age was beginning in 1956, a few schools had already begun to
experiment with instructional use of computers. (Here and in the remainder of this book we use the
word school to refer to precollege schools.) The development of time shared computers and
minicc.nputers made it less expensive and more feasible for students to be provided with some
access to computers. But the real revolution of computers in schools began in the late 1970s as
reasonably quality microcomputers became available at a price schools could afford.

Schools have condnued to acquire computer facilities. A reasonably large and growing number
of students now have quite good access to computers. Many schools have lowered their studen: to
computer ratio to less than 10 and are continuing to add to their computer facilities. In many school
dgistricts more than half of the students have good access to computers in their homes.

The emerging high-tech parts of the Information Age are creating a inajor problem for our
educational system. There is a growing gap between the "state of the art" technology as
exemplified by technical know ledge and facilities being used in government (especially in the
military), business, and industry, and the content and pedagogy of our school system. Qur
educational system is having a hard time adjusting to the needs of an Information Age society. Our
educational system lacks the funds to acquire appropriate high-tech facilities, to revise the
curriculum, and to retrain the teachers.

Chapter 1.1 Page2




There are no easy fixes to such a problem. Our educational system ic massive, well entrenched,
slow to change. We have well over 2 million teachers who were educated 12 Indust-ial Age schools
and who view education through an Industrial Age model. They have spent a lifetim: learning to
cope with life in an Industrial Age society and to teach in schools designed for an Industrial Age
society. Moreover, our teacher education system shares the same characteristics and seems quite
slow to change.

Thus, we have a massive inservice education problem. The problem would be difficult to so.-e
even if there were no further changes in technology. But the pace of technological change is
quickening. It seems clear that we will not solve the inservice education problem in the near future.

The-e are many possible approaches to attacking the inservice education provlem that w . have
described. We can work to change the teacher training institutions, so that new graduates are
adequately prepared to deal with Information Age technology. We can support curriculum
development projects that will lead to curriculum more suited to the needs of people living in an
Information Age soziety. We can acquire computer facilities and other high-tech facilities for use in
schools. And, we help our existing teachers and school administrators gain the knowledge and
skills they need to be effective in an Information Age schcai system.

The Purpose of this Book

This book focuses on inservice education of educators who are already on the joo. The major
focus is on the design and implementation of inservice programs that concentrate on routine and
everyday use of the computer as a tool in the curriculum. The purpose of the book is to provide
some guidance and support to inservice providess, to help increase the effectiveness of the
inservice that they provide.

This book views such inservice providers as the key group of educational leaders who have a
good knowledge of our educational system and a gooc knowledge of the technology that underlies
the Information Age. These inservice providers are uriquely qualified educational change agents. If
our schools are going to change to be more in tune with our Information Age Society, it is these
inservice providers who will lead the way.

Undoubtedly the most effective inservice is done in a one-on-one modc, with a knowledgeable
and caring teacher working with a fellow teacher. As we redesign our school system to bring it into
the Information Age, we should work to facilitate a great increase in this type of inservice. Every
educator should have professional responsibilities of helping other teachers to learn and grow. The
everyday work situation of teachers should provide ample time for leaming and for helping other
teachers to learn. It should be routine for teachers to visit each others classroorus, to observe each
others teaching, to work together in learning and implementing new content and pedagogy.

Unfortunately, this situation does not exist in very many of our current schools. The more
traditional, large group inservice remains a common vehicle for staff development. This is likely to
continue to be the case for many years to come. This hook is designed to help make such
inservices and ‘heir facilitators more effective.

Chapter 1.1 Page3
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‘ Chapter 1.2
Overview of Computers in Education:
What is Computer Integrated Instruction?

The overall focus in this book is on effective inservice for using the computer as a tool
throughout the curriculum. The use of the computer as a tool, which we call Computer Integrated
Instruction (CII), is but Sue of many possible uses of computers in schools. It is easy for inservice
facilitators and inservice participants to get confused among the various educational uses of
computers. This chapter proviues ar sverview of computers in education, with primary emphasis
on Computer Integrated Instruction "II). One good use of this chapter is as supplementary
reading material for educators participating in a computer inservice.

Computers in Education

The diagram below presents a structure of the overall field of computers in education. As
indica:ed in the diagram, ihe field can be divided into three main parts. Although each part will be
discuss:d briefly, the main focus is on instructional uses of computers. As the diagram illustrates,
instructional uses of computers also may be divided into “wree parts. After briefly discussing each
part, we will focus on learning & teaching integrating cc .puters. We calf this part Computer

Integrated Instruction (CII).
Q COMPUTERS IN EDUCATION
Administrative Instractional Research
Uses Uses Uses

Learn & Teach Learn & Teach Learn & Teach
About Integrating Using
Computers | Computers Computers
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Administrative Uses

Many aspects of running a school sy stem are similar to running a busiress. A school system
has income and expenses. It has facilities and inventories. It has employees who must be paid and
employee record: that must be maintained. And, of course, a school system has students who must
be taught. Detailed records m .. be kept on student performance, progress, and attendance.

Computers can be cos: effective aids to accomplishing all of the administrative-oriented tasks
listed above. Thus, it is not surprising that computers are extensively used for administrative
purposes in most school distz :ts in this country. In some school districts this use 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 based on centrlization. A large, centrally located computer system is
used to serve a number of schools, as + .l as central schoo! district office needs. There may be
terminals to individual schools. Thus, some input and output operations may occur at the school
sites. Other operations especially those involving large amounts of input and output, occur at the
central racility.

An alternate approach that has gained considerablz support in recent years is to place
adminiswratively oriented microcomputer systems into individual schools. Initially these were self-
contained microcomputers, but there is a growing tendency to network them. It has become clear
that micrecomputers car: make a substantial contribution to the functioning of a school office.

It seems evident that there will be a continuing need for a central, powerful computer system in
most school districts. Also, it seems evident that on-site microcomputers will become increasingly
popular. What is not so ciear is how and to what extent the central fa_ility 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 which are best accomplished at the central
facility.

The design and implementation cf a school district admi.dstrative computer system is a task for
computer professionals. It takes years of computer education and experience to become well
qualified at dealing with th.s type of task. It is important to realize the level of training and
experience needed, since few computer using teachers have this type of training and experience. In
most school districts th.e instructional computing coordinator does not att.mpt to also be the
administrative computing coordinator, siice these positions require such different types of training
and experience.

Research Uses

Educational research has benefited immenseiy from computers. M..ny educational research
projects involve collecting largs amounts of data and subjecting that data to careful statistical
analysis. If a research project nas a control group and a treatment group, students in the two
groups may be tested extensively during various phases of the 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. Thus, it is
relatively easy for a researcher who is knowledgeable in the use of statistical packages to carry out
a number of statistical analyses on the data collected.

Computers are making it easier to conducr longitudinal studies. Detailed records can be kept
over a period of years. These records can then be analyzed, looking for patterns or trends that
might not be evident under casual scrutiny. This type of research is common in medicine, and
some of it has been done in education.

Computer Assisted Learning (which will be discussed later in this chapter) provides an exciting
vehicle for research. As students interact with computers while studying a particular subject, the
computers can collect and maintain detailed records. These records can be aualyzed to help
determine which aspects of the instructional program seem to be most effective, and which need
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modification. Such furmative evaluation can provide the foundation to improve instructional
materials.

If a school district is large enough to have an evaluator on its staff, the evaluator is apt to be
quite knowledgeable in research uses of computers. It is important to urderstand that
administrative, research, and instructional uses of computers are relatively distinct fields of study
A person may 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 may be an expert
in instructional uses of computers but have little knowledge of the hardware and software needed
in an administratively oriented computer system.

Instructional Uses

Our diagram of computers in education divides instructional uses into three categories. The
categories overlap to a certain extent, but it is helpful to look at each individually. The first one we
will examine is Learn & Teach About Computers. Learn & Teach About Computers focuses
o the discipline of computer science. (A very broad definition of computer science is used, which
includes information science, data processing, computer engineering, etc.) This is a well
established discipline; many colleges and universities have had bachelor's degrees and/or graduate
degrees in these areas for more than 20 years. There are hundreds of journals and magazines that
publish the rapidly growing body of computer related research.

A few high schools began to exveriment with teaching computer programming in the late
1950s. This early use of computers ir schools provided solid evidence that high school students
could learn to program in assembly language or Fortran. However, computers were quite
expensive and not particularly accessible for use in high schools.

The development of timeshared computer systems and the language BASIC in the early 196Cs
opened up the possibility of large number of students learning to write computer programs. As
timeshared computers decreasad 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 had begun. Many educators
argued that all students should become "computer literate," and that this could be best
accomplished through specific computer oriented coursework. Often the courses were in
introductory BASIC programming. The trend toward students taking computer programming-
orientgd courses increased rapidly as microcoi  ..ers becarne ¢ sailable to schools beginning, in the
late 1970s.

Now a counter trend has emerged as people ;. alize that it is not necessary to learn to write
computer programs in order to make effecti e use of a computer. Many introductory courses have
reduced their emphasis on computer programming and increased their :mpkasis on using
applications software that use the computer as a tool. Computer literacy courses have been
developed that contain little or no computer programming. Secondary school enrollments in
computer programming and computer science ourses have dropped markedly.

The rapid growth of applications-oriented computer literacy courses have caused a number of
educational leaders to ask why such instruction must be limited to a specific course. Would it be
better for studenis if computer applications were taught throughout the curriculum? The idea is that
students should make use of the computer as a tool in all courses where appropriate. That is exz -tly
what Compuzer Integrated Instruction is about, and it is the main focus cf this Notebook. CII will
be discussed further later in this chapter.

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
1s now widely taught. This has tended to l2nd structure to the high school computer science
curriculum. However, it is - vident that ¢his type of course appeals to only a small percentage of
high schooi students. Enrollment in introductory programming courses that use BASIC, Logo. or
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other non-Pascal-like languages remains high. On a nationwide basis, however, such enrollment
peaked several years ago and has declined substantially since then.

Logo has developed a wide following, especially at the elementary school level. Some teachers
view the learning of Logo as an end in iiseli. However, most Logo-oriented teachers recoguize the
potentiale 5 Logo as a vehicle for illustrating and teaching various problem-solving strategies. The
turtle geometry part of Logo also can be used effectively to help students learn a number of
important geometric ideas. The Logo Exchange, a nine times per year periodical published by the
International Society for Technology in Education, is specifically designed for educators interested
in using Logo in schools.

Learn & Teach Using Computers. A computer may be used as an instructional delivery
device. This type of computer use is often callec computer assisted instruction, computer based
instruction, or computer assisted learning. In this Notebook it is referred to as Computer
Assisted Learning (CAL).

CAL is sometimes divided into categories such as drill and practice, tutorials, and simulations
or microworlds. Most CAL systems include a recordi.zeping system, and some include an
extensive diagnostic testing and management sy stem. Thus, ~omputer managed instruction 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 use drill and practice mathematics materials for 10
minutes a day. But as computer hardware costs have declined and more CAL materials have been
developed, there is some trend toward implerenting substantial units of study and/or entire
courses. Declining hardware costs make such CAL use economically feasible. For example,
suppose that a small high school has only a ha!f dozen students per year that want tc take particular
courses such as physics, chemistry, or advanced mathematics. It may be much more cost effective
to make such courses available through CAL than through a conventional, teacher taught, mode.

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. The success of CAL may be
explained by three factors. First, students using CAL on the average spend more time on task.
Because leamning correlates weil with time on task, students on the average leamn faster using CAL.
Second, CAL materials allow students to work at their own levels and at their own rates. This
individualization is a considerable aid to some students. Third, CAL materials can incorporate good
practices of instructional and learning theory. Formative evaluation can provide a basis for
improving CAL materials under deveiopment. Through this approach, the quality of commercially
available CAL materials is gradually being improved.

Learn & Teach Integrating Computers. The third category of instructional use of
computers is Computer Integrated Instruction (CII). CII focuses on the computer as a productivity
tool, an aid to problem solving. One orientation focuses on general purpose or generic 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 leveis and in a variety of courses.

A second orientation focuses on the development of applications software for a specific
discipline. For example, there is now a substantial amount of software that can help a person
compose music. Such software makes possible the teaching of musical composition (o elementary
school'students. There is a substantial amount of Computer Assisted Design (CAD) and other
graphics artists software. Such software tools are often now centrally used in high school courses
that used to focus on drafting or engineering drawing.

It has long been recognized that precollege studen:s could learn to use computers as an aid to
problem solving. The initial approach, now dating back more than 25 years, was to have students
learn to write computer programs to solve specific categories of problems. For example, it was
suggested that if a math student could write a computer program to solve quadratic equations, this
indicated real understanding of that mathematical topic. Over the years there have been a number of
research studies on whether this i, indeed correct. While the results have been mixed, it seems
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clear that having students write computer prograrns to solve math probletns is not a magical
solution to the problems of mathematics education that our schoolt face.

Initially, such an approach to CII made little progress because both the programming languages
and the computer hardware were not suited to the needs of most precollege students. But the
advent of timeshared computing and BASIC have helped to change that. And then, beginning in
the late 1970s, microcomputers, with built-in BASIC, made it feasible for millions of students to
learn to write simple programs to solve specific categories of problems.

It takes considerable time, as well as a specific type of talent, however, to become a competent
computer programmer. It was soon recognized that the time was being taken away from the study
of conventional subject matter. The movement toward integrating ~omputer 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
available for microcomputers used in schools. An increasing percentage of this software is
specifically designed for use in education.

Word processing can be used to illustrate both the general idea of CII and some inherent
associated difficulties. Word processing is a gzneric computer application tool in the sense that it is
applicable across the entire curriculum at all grade levels. Clearly, 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, and
publish). For these reasons, many schools have decided to have all their students learn to do
process writing in a word processing environment.

But it takes quite a bit of instruction to learn to make effecuve 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 30 minutes a day for eight weeks or more. To learn to compose at a
keyboard and make effective use of a word processor takes additional instruction and practice.

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 classroom 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 wil: neec
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 30 minutes of computer time per day. It also raises the issue of
needing to provide computer access for students to use at home, after school, and on weekends.

Third, there is the problem of testing—espzcially standardized testing. Suppose a student has
had several years’ experience in using a word processor to do process writing. 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 pencil and paper. An appropriate
assessment of this student’s writing skills requires giving the student access to a computer durirg
the test.

Fourth, once one has a word processor, it is quite he!pful to have a spell checker, a
grammar/style checker, and an outliner. 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 occur for all CII applications. The problem of teacher training is
addressed specifically by the materials in this Notebool:. The problem of access to appropriate
hardware and softwadre will be with us for many years to come. It car be overcow 2 through
appropriate allocations of money. The testing problem is being addre.sed by a nurw.ber of agencies
involved in widespread assessment. For example, some states and provinces now allow use of
calculators on certain tests. However, it seams clear that this will be a long term problem.
Textbuok compziues are slowly begirning to address the issue of integraung the computer as a tool
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into the books they publish. School districts and individual teachers interested in making more
rapid progress are developing their own curriculum materials. O

The Potential of CII

Many work environments now provide a computer o1 computer tsrminal for every empioyee. It
is clear that this will become m .. ~ and more common, because computers are ouch usefu! aids to
so'ving certain types of problems and increasing human productivity. Thus, it seems apprupriate to
assume that increasing numbers of today’s st.dents will use computers whe..s they go to work.

Research on transfer of leaming strong: s supports the position that instruction and treining
should closely parallel the final de :ed behaviors. Thus, if we need workers who are adept at
using computers to aid in selving prcblems, we should integrate computer use as students deveiop
their basic problem-solving skills and strategies. For these and other reasons, it seems clear that
CII will grow rapidly for many years tG come.

As CII increases, Moth teachers and students will begin to question the content of many of the..
courses. If a computer can solve or help sol\ ¢ a particular type of problem, what should students
learn about the problem? Is it necessary and appropriate to leamn to solve each type of problem
using only conventional aids such as books, and pencil and paper? Or, should schools focus more
on underiying concepts and help students gain an overall understanding of problems that
computers can soive?

In some case» an answer will be forced on schools. For example, libraries are being
computerized "ard catalogues are being replaced by computerized information retrieval systems.
Important publications 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 wide options. For example, consider the impact w.at handheld 0

calculators have had on the upper elementary school and middle school mathematics curriculum.
While the poiential for calculator-integrated instruction is large, the actual impact on the curriculum
nas been minimal. This is true in spite cf many years of strong support from the National Council
of Teachers cf Mathematics for integration of calculators into the curriculum. In April 1986, the
NCTM issued siill another strong statement recommending calculator use at all grade levels. A few
states and provinces are now beginning to allow use of calculators in certain testing situations. We
may be seeing the beginnings of a trend toward allowing calculators (and, eventually, computers)
in standardized testing situations. During the academic year 1987-88, for example, the Chicago
public schuols purchased approximately a hundred thousand calculators for use by their students.

Much of the short term potential for CIT depends on how well our educational system
addresses the issue of inservice educaton. All current teachers can learn to make effective use of
CIL. Given appropriate inservice educational opportunities, many will do so.
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Chapter 1.3
Reles of Computers in Probiem Solving

Problem solving lies at the heart of an educationai 5ystem designed for the Information Age.
Moreover, computers are a unique new aid to problem solving. Thus, much of the inservice
education needed to help teachers mave into the Information Age should focus on a combination of
problem solving and computer appiications. Every computer inservice facilitator should have a
clear understanding of roles of computers in problem solving. Often an inservice will focus on a
particular computer applicatic s, such as a word processor, database, or spreadsheet, that is
designed to help -0l.¢ certain .ypes of problems. This chapter is a suitatic handout for participants
in such an inservice.

Each academic discipline f..ces on certain types of problems. Each discipline has vocabulary
and notation, methedology, and tools to aid in describing and solving its problems. Problem
solving is a unifying theme throughout all of education. In this chapter we use the term problem
solving in a very general serse, .0 that ideas such as higher order skills and thinking skills are also
included.

Undoubtedly the siagle most important idea in problem solving is that of building on the
previous experiences of oneself und others. For example, consider the importance of language in
problem solving. The languagets) you speak and read have been developing over many years,
beginring long before you were, born. 'rou learned to speak and read many years ago, so that now
when you speal or read y.. ze using learning work that you did long ago as well as building on
new meanings words have taken on for you.

Paper and pencil prov:des another type of example of building on the previous work of one<elf
and others. It is evident that paper and pencil are useful aids to problem solving in every disciplu.e.
Paper and pencil artifacts are developed and produced by people. When you use these artifacts,
you are building on the work of the inventors, producers, and distributors of these artifacts. Paper
and pencils are tools that you spent many hours learning to use when you were young. You now
use them readily and with little conscious thought of your earlier learning efforts.

The Computer Tool

Now we have a new, general purpose aid to problem solving. (Actually, the electronic digital
computer was invented in the 1940z, so it really isn't very "new" anymore. Commercial mass
production of computers began in 1951 with the introduction ¢f the UNIVAC L Most people who
talk about the computer being a new tool are people who have been introduced to computers
«ecently. The ccmputer is new to them, so they assume it is new to others.) The advent of the
microcomputer beginning in the mid-1970s has made computers readily available to very large
numbers of students and workers. However, it is only recently that enough computers have been
made available to precollege students to begin making an impact on their education. In that sense,
computers are still a new too! in education.

One of the most important ideas in problem solving is that the aids available for solving a
problem shape the thinking processes used. You have grown up with books and pencil and paper.
When you were a young student, you received many years of instruction in their use. Now, when
working on a problem, you automatically consider possible uses of these aids.

For example, suppose that you needed to prepare lesson plans for a course. Perhaps you
would first do some brainstorming, writing notes to yourself on the major ideas to be covered,
sources of information, timelines, and so forth. Next, you might go to your files and pull out
materials you have collected and/or used in the past. Then you might begin to organize, writing
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new materials and adding to old materials. Perhaps a trip to your bookshelf or the library might be
necessary. Finally, you might put it all together in a notebook or in file folders.

This description represents a problem-solving process. It involves careful thinking, drawing on
one's knowledge of students, one's own teaching skills, the teaching/learning process, school
schedules, etc. It involves creating new materials and reorganizing old materials. It involves
information retrieval, organization, processing, and storage. In this problem-solving process you
automatically, and with little conscious thought, make use of reading and writing. The
reading/writing tools, which are actually essential to solving the problzm, are essentially
transparent in the problem solving process. That is, you don't even thiak about them. Eventually it
will be this way with computers, and that is a major goal for computers in education.

A computer can be a useful aid in accomplishing much of the work in solving the lesson
planning problem discussed above. However, relatively few people have worked with computers
long enough for computer use to be second nature. Indeed, it could well be that most adults today
will never achieve this level of comfort or ease in using computers. But students who have the
ability to learn reading and writing can also learn how to use the computer as a problem-solving
tool. This can be done through computer integrated instruction which focuses heavily on the
computer as an aid to problem solving.

Because computers are still rather scarce in elementary schools, the idea that students may
grow up accastomed to the idea of using the computer as a tool may seem rather "far out" to you.
But on a national scale we are now in a period of very rapid growth in availability of computers in
schools. The value of learning to use a computer with a word processor, spelling checker, and
grammar checker is now widely accepted by educational leaders. Many school districts have made
the decision that all their students should have such an educational opportunity. Often these school
districts are also teaching their students to make use of databases and computer graphics.
Eventually these types of problem-solving tools will be a routine part of the elementary school
environment as well.

A Definition of a Formal Problem

Every person encounters and copes with a large number of problems every day. Many of these
problems are routine and solving them becomes almost automatic. But think for a moment about
the variety of problems you deal with in a typical day on the job. For example, as a classroom
teacher, you routinely solve problems such as deciding what materials to teach, how to present
them to students, how to measure student performance, and how to work with students who are
not performing up to yous expectations. You attend staff meetings and work on problems faced by
the whole school. You handle your personal budget, solving problems on how these funds should
be used. It is easy to extend the list, and you should find little difficulty in building your own list.
This exercise should convince you that you are an accomplished problem solver and know a great
deal about problem solving.

Problem solving has been carefully studied by many great thinkers. There are a number of
books that define the concept we call problem and explore a variety of problem-solving techniques
(see the references listed at the end of this chapter). We will use the following four components as
a definition of problem:

1. Givens. There is a given initial situation. This is a description of what things are known
or how things are at the beginning.

2. Goal. There is a desired fina! situation (or more than one). This is a description of how
one wants things to be; it is a descripuon of the desired outcome.
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3. Resources. This is a listing or description of the general typcs of steps, operations, or
activities that may be used in moving from the Givens to the Goal. Resources are the
empowerment and facilities—that is, the powers of the problem solver, or the conditions
that must be adhered to as one attempts to solve the problein. (The Resources do not tell
one how to solve the problem.)

4. Ownership. In order for something to be a problem for you, you must accept some
ownership. You must be interested in solving the problem or agree to work on the
problem.

The choice of vocabulary (Givens, Goal, Resources) is not completely standard; other writers
may use different terms. When we say that a problem is well defined, we mean that the Givens,
Goal, and Resources are clearly and carefully specified. A well-defined problem can be worked on
by people throughout the world over a period of time. Progress toward solving the problem can he
shared, and cumulative progress is possible. This idea of sharing progress toward soiving a
problem or category of problems is absolutely fundamental to the human race making intellectual
progress.

We frequently encounter problem-like situations that have some, but not all, of the four
defining characteristics of a formal problem. We will call these problem situations. Often the most
important sicp in solving a so-called "problem” is to recognize that it is actually a problem situation
and then do the work necessary to obtain & carefully defined problem. This requires careful
thinking, drawing on whatever knowledge one has that might pertain to the problem situation.
Often a group of people will have a brainstorming session to get relevant ideas. See especially the
works by Torrence. His research and development group has produced instructional material
designed to help students gain improved problem-solving skills. See also de Bono (1471, 1973).

Each of the four components may require further explanation in order to become clear to you.
We begin with the last one: Ownership. Some experts on problem solving exclude this
component, while others give it considerable weight. If coping with a particular situation is
essential to your survival, you are apt to have considerable ownership of this situation. But if the
situation is a hypothetical (school book) exercise of little intrinsic interest, you may have little or no
ownership. Ownership is a mental state, so it can quickly change.

Ownership in problem solving is a key idea for Information Age education. Education would
be much better if students took more responsibility for their own learning—if they had increased
Ownership of the problem of acquiring an adequate education. Individualization of instruction
requires giving greater freedom and the: ability to take the initiative to the person being educated.

The issue of ownership is particularly perplexing to educators. They recognize that ownership
—that is, a deep interest and involvement with a situation—often contributes to deep and lasting
learning and intellectual growth. Thus, teachers often expend considerable effort creating situations
in which their students will feel ownership.

Some alternatives to ownership are apathy and/or coercion. Keep in mind that problem solving
is a higher order mental activity. Most people do not perform higher order mental activities well
under coercion or while in a "I couldn't care less” mood.

As an aside, you may know some students who have spen' literally dozens or even hundreds
of hours working on a particuiar computer program or mastering a computer system. You may
have said to yourself, "If only i could get all of my students that deeply involved." It is clear that
such ownership of a computer related problem has changed the lives of a number of very bright
and talented students.

Many people are puzzled at first, by the Resources component of the definition of problem.
Suppose that you were giving your students a spelling test. From the student viewpoint, the task of
correctly spelling a word is a problem to be solved. The <tudent would be successful if allowed to
use cnb notes or a dictionary. What makes the problem a challenge is that these aids, and other aids
such as the use of a neighboring student's paper, are not allowed. The Resources specify that
students are to do their own work, without the use of crib notes or a dictionary.
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For the mahematically oriented reader, another excellent example is provided by the problem
situation of trisecting an arbitrary angle. In the figure below, angle ABC is an arbitrary angle (i.c.,
it is of unspecified size). The goal is to do a geometric construction that divides angle ABC into
tl.ree equal angles.

Given angle ABC

Sometimes the Resources specify that one is only allowed to use a straight edge, compass, and
pencil. In that case it can be proven mathematically that the problem cannot be solved. In other
cases one is allowed to use a protractor in addition to the other implements. Then the problem is
easily solved by measuring the angle, dividing the number of degrees by three, and constructing
new angles of the resulting number of degrees. Note that in the latter case the compass is not used,
even though it is available. Solving real world problems is sometimes difficult because many
resources are available, and often it is not clear which ones to use to solve a particular problem.

For a third example, consider this problem: Teachers in a particular school seem to be using
substantial amounts of pirated software. You can investigate the problem situation to clarify the
given situation {that pirated software is being used by teachers). You can set a goal, such as
reducing the use of pirated software by two-thirds in the first year and decr-asing it still more the
second year. As a responsible and ethical educational leader, you may have considerable
ownership of the problem situation. But what are the Resources? What types of things can you do
that might help achieve the goals?

Brainstorming, individually or in groups, is often used to develop a list of Resources or
potential activities you might carry out to solve a problem. For example, teacher software piracy
might be reduced by an informational program, providing money to buy enough software, threats
of dismissal, and so forth. Further explcration would be nseded to determine if these options were
actually available to the problem solver.

Steps in Problem Solving

In this section we list a sequence of steps that may be followed in attempting to resolve a
problem situation. Often we carry out some of the steps quite automatically witt. little conscious
thought. But it can be quite helpful to consciously think about each step in problem situations that
seem to be giving us trouble. (Here we are assuming the Ownership condition is satisfied; that 1s,
you are interested in resolving the problem situation.)

Chapter 1.3 Page 4

2y




1. Work with the problem situation until you have converted it into a well-defined problem;
’ that is, until you have identified and understood the Givens, Goal, and Resources. This
first step is a creative, higher order thinking process, which often involve considerable
knowledge as well as a good sense of values. Two different people, when faced by the
same problem situation, may come up with quite different well-defined problems.

[2%]

. Select and/or develop a procedure that is designed to solve the problem v 1 have defined.
This is an information retrieval and/or creative thinking step. Usually it involves both;
computers may be useful in retrieving needed information. (We will discuss the idea of
procedure ore in the next section of this Chapter.)

3. Execute or cause to be executed the steps of the procedure. Sometimes this will be a
mechanical, nonthinking activity, where speed and accuracy are desired and computers may
be quite useful. (The executions of many mathematical procedures falls into this category.)
At other times the execution of a procedure will require the best of truly human skills. (The
work of a good psychotherapist talis into this category.)

4. Examine the results prcduced in Step 3, to determine if the problem you defined in Step 1
has been solved. If it has been solved, go on to Step 5. Otuerwise, do one of the following:

a. Return to Step 3 and recheck your work. People and machines sometimes make
mistakes.

b. Retarn to Step 2 and determine another approach to solving the problem you have
defined.

c. Return to Step | and determine another problem to be solved.
Q d. Give up, or seek help from others. The problem might not be solvable, or it might be

beyond your abilities, or it might be beyond the efforts you are willing to make at this
time.

5. Examine the results produced in Step 3 to determine if the original problem situaticn has
been satisfactorily resolved. If it has, you are done. If it hasn't, do one of the following:

a. Go to Step 1 and determine another problem to be solved.
b. Give up, or seek help from others.

Problem-solving research suggests that students benefit from learning and practicing the above
five-step approach to problem solving. It is applicable over a wide range of disciplines and
problem-solving situations. Notice that success is not guaranteed, but that persistence increases the
likelihood of success. Note also the personal nature of the five-step approach. Problem solving is a
personal thing, and personal values are often central to a problem situation.

What is an Effective Procedure?

When you are able to solve a particular type of problem routinely or automatically, you have
developed one or more procedures (algorithms, detailed sets of directions, recipes) for this type of
problem. Computer scientists are deeply concerned with developing procedures that tell a computer
how to solve a certain category of problem. We will use the phrase effective procedure in
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discussing the idea of a procedure that can be carried out ’n an automatic, nonthinking, computer

like mode. @
More formally, an effective procedure is a detailed, step-by-st2p set of instructions having the
two characteristics:

1. Itisdesigned to solve a specific problem or category of problems.

2. It can be mechanically interpreted and carried out by a specified agent. Here the term
“mechanically interpreted” means in a machine-like, nonthinking manner. Computer
scientists are interested in situations where the agent is a computer or a computerized
machine such as a robot.

Computers are important because they can rapidly, accurately, and inexpensively execute many
different pidcedures The number of such procedures continues to grow very rapidly through the
work of researchers in all disciplines, computer scientists, and computer programmers. Thus, an
understanding of the concept of effective procedure is generally consid..ced to be an important part
of computer literacy, and it certainly lies at the heart of having a general understanding of roles of
computers in problem solving.

Roles of Computers

In this section we briefly examine each of the five steps one might follow in resolving a
problem situation. Qur intent is to point out roles of computers in each step and to briefly discuss ‘
possible curricular ir. ~lications.

The Fiirst step is to understand the problem siv'ztion and work toward having a well-defined
problem. This is a thinl . g step, drawing on one's general knowledge as well as specific
information about the problem -ituation. That is, both a broad general education and in-depth
knowledge about the specific situation are useful. Many educational lsaders argue that a broad
liberal arts education is vseful in understanding and critically examining the wide range of problem
situations one encouriters in our society. Values education plays an important role here, since the
process of developing a well-defined problem from a problem situation often depends heavily on
personal values and views.

Computer Assisted !.earning (CAL) is of growing importance in acquiring education for
understanding problem situations. Research evidence strongly supports the contentic 1 that students
generally leam faster in a CAL environment than they do in a conventional instructional
environment. There is strong research evidence that CAL is a cost-effective aid to students. The
evidence is strongest in the acquisition of factual knowledge, or at the lower-order level of
Bloom's taxonomy. Computerized drill and practice works!

The Second step is to select and/or develop a solution procedure for the well-defined problem
you have produced in the first step. You might select and retrieve a solution procedure from your
head.

As an example, the problem might be to determine the number of cubic yards of concrete
needed for a patio that is to be 12 feet wide, 15 feet long, and 4 inches thick. A procc dure to solve
this problem involves conversion of units, multiplication, and division.

S1: Convert 4 inches to feet (by dividing it by 12).

52: Multiply the three dimensions (each given in feet) to find the number of cubic feet in the
patio.

§3: Divide the answer produced in Step 2 by 27, to convert it to cubic yards.
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It is important to realize that there can be many different procedures for solving a problem. Here is
another approach to solve the patio problem:

S1. Coavert all measurements to yards. This involves dividing the measurements given in feet
by 3, and dividing the measurements given in inches by 36.

$2: Multiply the three dimensions (each given in yards) to g=t the number of cubic yards of
concrete needed for the patio.

The mental selection and/or development of a solution procedure is a thinking process. One can
gain skill in this thinking process through practice. Computers can be used to create practice
situations. Many simulations or simulation/games are designed to provide practice in this problem-
solving step.

An alternative to retrieving a procedure from your head is to retrieve it from a library, which
may contain books, periodicals, films, and so forth. Many libraries have replaced their card
catalogs by computerized card catalogs. Moreover, much of the information needed is now stor.d
in computers. One of the defining characteristics of the Information Era we are now in is the
growing availability of information and the growing technology to aid in information retrieval. It is
clear that computers are very impcrtant in retrieving procedures for solving problems. This
strongly suggests that all students should learn to rnake use of these aids to information retrieval.

The Third general step in resolving a problem situation is to execute or cause 10 be executed the
procedure from the second step. As we have indicated, some procedures require a "human touch.”
Others can be executed mechanically, in a nonthinking fashion. A large and rapidly growing
number of procedures can be executed by computers or computerized machinery.

If « computer can execute or help execute a procedure, what aspects of this procedure dc we
want people to leamn to do mentally, assisted by pencil and paper, assisted by noncomputerized
machinery, or assisted by computerized machinery? This is a very difficult question, and it will
challenge our educational system for many years to come. The answer that seems likely "o be
widely accepted is that we want students to have a reasonable understanding of the problem being
solved and the capabilities/limitations of the computerized procedure. We want students to remain
in control, but we want them to work with computers rather than in competition with computers.

The Fourth and Fifth steps in resolving a problem situation require examining the results of
your work to determine if you have succeeded. These steps require critical thinking, drawing on
your understanding of the initial problem situation and the steps followed in resolving the situation.
These are higher-order mental activities.

The research literature on problem solving strongly supports the idea that people get better at
problem solving if they study the processes of problem solving, leamn to use aids to problem
solving, and practice problem so..ing. This suggest. ..at stadents should learn to use computers
as an aid to problem solving in disciplines for which computers are an useful aid. They should
practice solving problems, making use of computers when their use is appropriate to the problems
being solved.

Software

In a broad sense, all computer software can be considered as problem-solving software. But
when we think of pi zparing teachers and/or students to deal with computers in schools, problem-
solving software tends to fall into three main categories:

1. Programming languages such as assembler, BASIC, C, COBOL, Logo, Pascal and Pilot.
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2. Application packages such as a graghics, syreadsheet, or database package. Some
application packages zre useful across many disciplines, so we call them "generic.” A word
processor is a generic application package. Other application packages are useful in quite
limited contexts; an example is provided by software for writing music.

3 Simulations/games specifically designed to help students {earn general or quite specific
problem-solving techniques. For example The Factory published by Sunburst
Communications is designed to teach planning ahead a. ' to improve spacial visualization
skills.

There are hundreds of programming languages. In all cases the intent i; to make it possible for
a human to communicate with a computer. Usually a programming language is designed to meet
the needs of a particular category of computer pn:zrammers. For example, BASIC was originally
designed for college students, COBOL was designed for business data processing programmers,
and Pilot was designed for writing Computer Assisted Instruction materials.

In all cases one uses a programming language to specify procedures to solve certan categories
of problems. This is a very important concept. The writing of a computer program 1o solve a
problem requires both a knowledge of a specific programming language and skil. in dewveloping
procedures to solve problems. The latter is called procedural thinking and is generally considered
to be an important component of computer literacy. Skill in procedural thinking is independent of
any particular programming language. Indeed, one can develop a high, level of procedural thinkin 3
skill independently of whether computers are available or whether computer programming is used
to represent the procedures.

Computer-in-educatisn leaders have not reached consensus as to which students should receive
instruction in computer programming, at what grade levels, or using which particular programming
language(s). For example, many school systems have decided to provide instruction in Logo to all
of their elementary school students. Other districts have decided to include some BASIC ina junior
high or middle school computer literacy course required of a'l students. Still other school districts
have decided that computer programrr . is best left as an elective course, perhaps mainly available
to secondary school students wko have «d a reasonably strong mathematics preparation.

Applications software may be generic (useful over a wide range of disciplines or problem
areac) or it may be quite specific to the problems in a particular disciplire. A computer graphics
package is useful over a wide range of disciplines, while music composition software has much
more limited applicability. A trend lias begun to emerge, and it seems likely to continue. Many
school districts have decided the: all students should leamn to use a variety of generic applications
software. The use of such software will be integrated into the total curriculum. Initial instruction
may be in a variety of courses at a variety of grade levels, or it nay be concentrated into a single
computer literacy course.

At the same time there is growing realization that cach discipline has its own applications
software. Thus, as students study a discipline at a higher and higher level, they need to receive
specific instruction in use of the applications software of the discipline. Thus, two types of
computer literacy are emerging. A computer literate student uses generic computer applications
software as appropriat- in working with problems in every academic area. As a student progresses
to higher levels or greater depths in any particula discipline, the student becomes more and more
computer literate within that specific discipline. For example, a student who takes college
preparation courses in chemistry and physics should be learning quite a bit about applications
software specific to the fields of chemisiry and physics. Microcomputer based laboratory (MBL,)
software falls into this category.
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There are many general purpose problem-solving ‘echniques. For examgle:
1. Plan ahead, anticipating the consequences of proposed actions.

2. A large, complex problem. can often be solved by breaking it into several smaller, less
complex problems.

. It is often helpful to draw a picture or map, or in some cther manner graphically represent
the problem under consideration.

L0}

4. Itis often helpful to write dowr. the steps you take in an attempu to solve a problem.

Many different simulation/games software packages have been developed to give students
T 32uce In particular problem-solving techniques. Research into the value of such software is
sparse. The main difficulty seems to be the issue of transfer of learning. For a particular
simulation/game, it is evident that stuclents get better as they practice using the software. That is,
they get berter at applying particular techniques in the context of the simulation/game under
consideration. But there appe ars to be relatively little transfer of the techniques to other problem-
solving situations. It seems likely that the teacher plays a very important role in helping to increase
such transfer of learning. A teacher can provide a wide variety of examples, suitable ¢ the
academic level and interests of a particular student, where the techniques are applicable. A teacher
can help encourage students to apply the problem-solving techniques they have studied to the
variety of problems they encounter throughout the schoel day.

Transfer of learning is a key issue in all of education. Every teacher in every subject area
should be aware of the difficulties of transfer and that transfer can be incre .sed by proper teaching
techniques. The facilitator of a computer integrated instruction inservice is working to provide
teachers with a powerful aid to problem solving. But we know it is not enough to merely teach the
teacher how to use the tool. The teacher needs to learn to use the tool in a classroom setting.
Moreover, the te.icher needs to learn how to help students learn to use the tool as a general purpose
aid o problem solving across all disciplines and also outside of schou: settings. This is a
formidable task.
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summarizes some of the key ideas about educational change.

Change is difficult. It is difficult to imagine, difficult to plan for, difficalt to implement,
difficult to manage, and ¢ ifficult to measure. Fullan (1982) states that, in the educationai context,
“change involves ‘change in practice™ (p. 30) and he demonstrates several difficulties. For one,
change is multidimensional, new materials, new teaching approaches, and alteration of beliefs must
be considered.

Inservice tra‘ning is a major tool in the implementation of educational change. In reporting 2
research-based model for such training, (Gall & Renchler 1985; the Gall & Renchler book is
included in its entirety as Chapter 2.1 of this book.), the authors state, "No one yet pratends to
have discoverea all the elements that make staff development programs completely  ccessful” (p.
1). One reason for this is the difficulty in designing studies that can "tease out" the u.fective
practices from the background noise of incidental and ancontroiled effects. The most reliable
measure of effectiveness—change in student behavior—is several steps removed from the major
actions of most staff development programs. Joyce and Showers (1983) describe a modzl
involving classroom-level coaching that promises to take the training all the way *o the level of
observation of actual classroom practice, but such designs are rarely implemented due to limitations
of time and funding.

Because change takes time and is best vi:wed as an ongoing process, the internal st-:< of the
learners—-in this case, tewchers themselves——is an important consideration. Hall (1982) showed
that it is desirable to match inservice to current levels of conc m of the individual participants.
Furthermore, continued tracking of the evolution of their levet of concern can function as a
diagnos:ic tool for modifying the content of training “on the fly," should modifications be
necessary.

The literature on inservice designs that are specific to compu.er education is sparse. Gabel
(1984) reviews the work of Isaacson (1980), Winner (1982), and Ferres (1933), and finds, that
their essentially descriptive studies do not speak to the issue of effectiveness, but instead
concentrate on the mechanics of developing and presenting special purpose i. service traming.
Gaoel's own work concluded that the model suggested by Gall and Renchler (1985) was a valid
and useful framework for organizing computer education inservice.

Ir this section, the categories for the dimensions of inservice follow those ~ itlined by Gall and
Rencnser (1985) and are divided into five categories. content ai.’ drganization, aelivery system,
organizational context, governance, and evaluation.

Inservice Dimensions

~ontent and Organization. The realm of the planning, development, delivery, and follow-
up «.. actual training sessions is below the level of more global concerns such as the ervironmert in
wh'ch inservice is provided, the goals and standards of the institution whose teachers are being
educated, or the measures by which the inservice program is to be evaluated. Of course, these
global issues have great impact on the training to be delivered. For example, the ¢environment may
determine the resources, timing, extent and depth of the program. The goals and standards of the
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relatively few inservice facilitators have thoigh* _arefully about educational change. This chapter




* titution (e.e., a school district) should strongly influence (if not actually determine) the content
of the program. The measures of evaluation may direct the attention of the trainers to emphasize
more closely monitored elements of the program at the expense of other elements less emphasized
by the evaluation instruments.

Nevertheless, the actual conduct of an inservice may be separated from these other concems,
and a large body of literature (accompanied by a much smalle~ body of research) is available for
‘nspection. The predominant feaire of the literature is that it is generally based upon common
practice, rather than upon actual research. In fact, the management and evaluation of inservice
training is more thoroughly researched than the conduct of inservice.

Gall and Renchler (1985) identified the dimensions of methods of delivering an inservice:

1. Readiness activities. What actions are taken prior to the conduct of training to raise teacher
awareness of the importance of the inservice program? How are school leaders prepared for
their roles in the training? What participant information is gathered before the program
begins?

2. Instructional process. What training methods will be used to help teachers acquire the target
knowledge and skills?

3. Maintenance and monitoring. What provisipns are made to observe and measure the actual
level of 2nplication of the content of the training to classroom practice?

4. Training site. Is the training best carried out at the school site, or is another location more
appropriate?

5. Trairers. What trainer characteristics may impact the effectiveness of the training program?
6. Scheduling. What duration, spacing, and timing should the training program have?

Competently designed inservice training programs will address each of these dimensions. The
usual practice of trainers is to give great attention to the instructional process, scheduling and their
own preparation.

An additional question to be addressed might cousider any practical distinctions that exist
among cifferent types of learners. Are adults in general (and teachers in particular) sufficiently
different from other learners that exceptions or refinements must be made to the well-researched
principles of learning? (See Gagné, 1977.) Although the most general of these leamning princinles
remain intact, researchers such as Knowles (1978) have determined that adult learners are
sufficiently different from children as to merit distinct consideration. Among the important features
of adult learners cited in Knowles' work are that:

1. Adults learn by doing; they want to be involved. Mere demonstration is usually
insufficient. Practice and even coaching are highly desirable.

2. Problems and examples must be realistic and relevant to them as adults.

3. Adults relate their learning very strongly to what they already know. They tend to have a
lower tolerance for ambiguity than children, so explicit attachment of new knowledge 1o
their existing base is a paramount necessity.

4. #dults tend to prefer informal learning environments, which are less likely to produce
tension and anxiety.

5 Changes in pace and instructional method tend to keep the interest of the adult learner high.
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‘ 6. Unless the conditions of training absolutely require it, a grading system should be avecided.
Checklists of criteria met in the course of training, for example, are less intimidating than
the assignment of grades.

7. The instructor should frame his or her role as that of a facilitator of leamning rather than as a
font of knowledge or expertise. This guarantees that participants will find the trainer
approachable, an absolute precondition of communication between adult leamer and
teacher.

It is obvious that these adult learner characteristics are of great concemn to the teaching of adults
and they should govern several aspects of the preparation, delivery, and follow-up. The impact of
these elements of training is discussed below in summary with lessons learned from other sources.

In a study of the impact of inservice on basic skills instruction, Gall et al. (1982) identified a
number of deficiencies in the ordinary conduct of inservice. Researchers judged that programs
exhibiting such deficiencies will have little impact on teacher practice or student performance.

1. Programs tended to be foci..ed on the professional goals of individual teachers rather than
on the improvement of the school instructional program. Teachers' goals and school needs
are not always in consonance.

2. One-shot training or short sessions failed to show impact on the school's instructional
program.

3. Althoagh the ‘nservice programs we- sponsored and financed by districts or schools, the
general plan and learning activities ol ... training were based on goals and objectives that
had little or no demonstrable connection to those of the school or district.

4. Programs were very rarely assessed on the basis of actual improvement of student
performance.

5. Most inservice programs lacked several of the following desirable features: readiness
activities, a meeting, follow-up activities, and in-classroom observations to identify
changes in teacher behavior that might be attributed to the inservice training.

Much of the work of Joyce and Showers (1983) centers on governance issues, but they also
have critical points to make concerning the conduct of inservice:

1. Training may be considered to be composed of levels of involvement: lecture,
demonstration, practice in the training environment, practice in the target environment, and
coaching in the target environment.

2. Generally, lecture and demonstration have little impact in terms of changing teacher
behavior.

3. Practice (following lecture and demonstration) contributes greatly to change in teacher
behavior.

+. Coaching (following lecture, demonstration, and practice) not only coniributes further to
change, but also creates opportunities for dissemination of an innovation or desired practice

throughout the unit (e.g., department, school, or school district) in which change is
desired. Cne of the most promising of these opportunities is peer coaching.
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Echoing elements cf both Knowles (1978) and Joyce and Showers (1983) are some of the
findings of the Florida State Department of Education (1974):

1. Inservice programs that place the teacher in an active role are more likely to accomplish
their objectives than those which place the teacher in a receptive role.

2. Programs that emphasize demonstration, supervised trials and feedback are more

successful than those that simply present new ideas or materials to teachers without
opportunities for practice.

3. Programs in which teachers share and provide mutual assistance to each another are more
likely to succeed than **.ose that fail to enc..urage interaction during and after training.

4. Self-initiated and self-din <ted training activities (although seldom used in inservice
education programs) are associated with successful accomplishiment of program goals.

The literature offers many similar indicators of success or effectiveness in inservice conduct.
They are briefly summarized as follows:

1. The content of inservice education programs should be directly and immediately linked to
the goals of the agency sponsoring the training.

r

. The characteristics of teachers as adult learners should be taken into account when inservice
education activities are designed. In particular, the activities should be relevant to them as
adults, new knowledge should be explicitly connected to previous knowledge, an air of
informality should predominate, grading systems should be avoided, and the trainer should
act as a facilitator.

3. Designs that feature multisession contact and dev elopment of an ongoing relationship
between trainer and teacher is preferred over one-shot designs.

4. If possible, the training should include not only presentation of information and
demonstration of new methods and skills, but also supervised practice and coaching.

Organizational Context. When referring to the orgunizational context in which inservice
education occurs, Gall and Renchler (1985) echo the "modal systems” of Joyce and Showers
(1983). While Gall and Renchler recog.ze the five modes identified by Joyce and his colleagues,
they prefer to think of these modes as representing different functions of inservice education and
go on to identify four such purposes: (a) inservice for personal professional development; (b)
inservice for credentialling; (c) inservice for the purpose of induction into the profession; and (d)
inservice for school improvement.

“Inservice for school improvement" speaks directly to the school as an organization.
Operationally, one can define the organizational context as those organizational elements of the
school that directly influence the success of inservice education. But organizational context also
implies a series of interrelated components that work in relative harmony. To divorce any one
component from the whole distorts our perception of and reaction to that element. Just as our
perception of our environment is continuous, so cthe school must be viewed holistically as a
continuous, dynamic collection of interlacing and interactive parts.

A meta-analysis done by Lawrence and Harrison (1980) concludes that the most effective
inservice programs address the school as a unit. Their research supports the contention that
inservice 1s most effective when the emphasis is on global goals rather than personal development.

These findings are consistent with the observation of noted anthropologist Edward T. Hall
(1981) about the essentiai nature of the context of expression and action. He states that context
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determines everything about the nature of the com.nunication and predicates further behavior. A
focus on school improvement places the "situational dialect” of the teacher professional life of the
teacher within the larger frame of the school as a complete unit. This broad focus of shared goals
gives a context of discussion in harmony with the larger organizational context. A somewhat
different but complementary observation is made by Pitken (1972) when she examines the question
of social membership. She notes that with respect to learned or cultural norms, the wholeness and
uniformity or our society is determined by the acquisition of like patterns by people exposed to
them. These views lead again to the conclucion that the more consorant the goals are with the
school, the more consistent will be the patterns of compatibility between the behavior elicited and
those expressed by the administration and support .iff. In essence, the new behaviors or activities
must mirror the intentionality ¢f the school as a unit.

If we place the goals of the inservice within the larger framework of the school environment
and provide a collegial support structure, chances of institutionalizing any changes are improved.
In a fundamental sense, the organizational context provides the ecological gestalt of action and
interaction. Compatibility F tween the objectives of the inservice and those of the school is
essential if changes are to be made 2 part of the taken-for-granted background of the teacher,
administrators, and support staff in their daily activities.

Holly (ciied in Gall & Renchler, 1985) surveyed 110 teachers and found a general preference
for activities that allowed them to work with other teachers. Ngaiyaye (cited in Gall & R=achler,
1985) found !  eachers preferred to work with teachers who had similar educational duties.
Domain-specit.. .nowledge as defined by Doyle (1983) consists of an explicit semantic neiwork of
relevant information and identified methods or strategies for applying that information. Althousa
Doyle was addressing academic content, it seems clear that the same theme can be applied
effectively in inservice education. Thus, not only does educational research support the need for
teachers to work with teachers, but it supports a more specific domain of discourse in which they
share their goals and concerns with teachers in their own or similar subject areas. In a collegial
environment made up of their peers, teachers can relate common concerns and share methods or
strategies central to their needs as educators (U.S. Department of Education, 1986). Furthermore,
teachers with similar instructional assignments can share materiass, tools, and new methods of
instruction.

Unfortunately, there appears to be no research examining the relative effectiveness of variations
in teacher inservice. groupings as defined by Gall and Renchler (1985). Wade (1985), however,
does indicate in he: meta-analysis that participation by both secondary and primary school teachers
is more effective than either group working alone.

In an organizational context, the school principal as an instructional leader plays a major
influential rcle. Research by Louchs and Pratt (cited in Gall & Renchler 1985) indicates that the
role taken by the principal in the implementation efforts of a program is essential to the success of
the project. Leithwood and Montgomery (cited in Gall & Renchler 1985) have shown that an
effective principal will participate in at least part of the inservice workshops attended by the staff.
Finally, the Rand study (cited in Gall & Renchler 1.J85) suggests that without the approval of the
principal, teachers generally will not implement a new curriculum or process.

As notec above, the school is a dynamic but loosely coupled organization. This loose coupling
requires a mediating force that lends a coherence to its structure. Thus, the principal seems to act as
a lens to keep school goals clearly in focus and as a guide to keep tzachers on track with disurict
objectives (U.S. Department of Education, 1986).

Governance. The issue of governance frames the larger context of school as a functioning
unit. Operat:onally we can define governance as that organizational process of decision making tha:
determines school policy and directs school resources. The governance of inservice education
specifically addresses concerns about the way an inservice will be designed and offered to the
district staff. The study by Mertens (1982) clearly shows that the view of the teacher as a
professional must pervade the district; whsn teachers are viewed as professionals, inservice
projects are more successful than when teachers are viewed merely as functionaries. All projects
and or policy decisions need to be approached in this light.
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There appears to be no researci on the 1nost effective infrastructure for carrying out the process
of governance at the district level. However, there is ample research to indicate that this process
must take into account teacher concerns and expectations. Many researchers indicate that the
teacher must be given the opportunity to be part of the planning. If teachers are not .onsulted, the
rzsults can be disastrous. Wolzott (1977) documented a carefully planned effort for educational
change in a school district in Oregon. This mammoth seven-year plan involving several hundred
thousand dollars, vast district resources, and uncounted hundreds of hours for both planners and
teachers failed. Its primary failure was that it did not take into account the needs of the educator. 1:
was conceived as a "top-down" approach and implemented as such.

Wolcott reaffirms the importance of teacher participation ir: the planning process. What is not
clear is how much control teachers should have over the inservice content. On one side is the work
of Schurr (cited in Gall & Renchler, 1985), where it is shown that teachcrs desire input into the
planning process; on the other side is the work of Wade (1985) that indicates inservice sessions
were gauged as "less successful” if participants were regarded as the major contributors to the
process. Indeed, her meta-analysis shows that inservice sessions are more effective if the leader
assumes the role of "giver of information" and teachirs as "receivers of information." Clearly, a
balance seems necessary. It is importar* to ascertain the needs of teachers so that inservice sessions
can be directed specifically to their nec_.. Cn the other hand, the integrity of the inservice content
must be maintained, with policy and planning decisions attempting to strike a balance between
teacher input and district needs.

Another issue of governance is the recruitment of participants. Motivation to aiiend inservices
can be subtly but definitely enhanced if the research outlined in this section is taken into account. A
feeling of personal connection with the concerns of the inservice is also important. Moursund
(1988) suggests that dw nership in a problem-solving process is critical. Inservice by definition is a
form of problem solvirg. If participants can feel a sense of o+ nership of the content of the
inservi_e ey will want to attend and take seriously the purpuses of the project.

W e (1985) confirms the need to have a sense of ownzrship, pointing out that inservice is
more successful when the teachers are given special recognition for their involvement. But she
further reports that projects are more successful if teachers are either designated to attend or
selected on a competitive basis. Clearly, the research confirms the need of teachers to be a willing
part of the process, but it also indicates that directing teachers to atterd is not predictive of failure.
Obviou.ly, this is a complex issue: How teachers are directed to attend is important; the content
and relevance of the inservice is important; the organizational context is important; and the way the
issue of governance has been handled in the school is historically important.

Other incentives for attending inservices described by Betz (cited in Gall & Renchler, 1985) are
release time, expenses, and college credit. Administrators, however, can ke heart in Wade's
(1985) finding that almost any inservice can make a difference. She reports that inservice of any
kind, on the average, resulted in half a standard deviation greater positive change than control
groups. This is a clear indication that inservice education can influence the quality of the educative
process.

In summary, effective inservice must take into account the school organizational context and its
governance policies. It appears that the more the inservice speaks to the unifying goals of the
school, the more effective will be the results.

Evaluation. As stated in Gall and Renchler (1985): "The evaluation of inservice programs is
not a well-developed field," and "... systematic evaluation of inservice programs is the exception
rather than the rie (p. 30)." In an effort to bring some order to the field, Gall and his colleagues
(1976) attempted to define the different levels at which inservice training might have effects. They
defined four levels:

Levell:  Implementation of the inservice program. (Measures of the quality of the training
itself.)
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Level I:  Teacher improvement. (Measures of actual change in teacher behavior in the
classroom.)

Level . Change in student performance. (Measures of the degree to which improvements in
teacher performance lead to improvements in student achievement.)

Level IV:  Changes in the environment. (Measures of changes in the school that may be
indirect [or even unintended] results of the inservice program.)

The further away we get from measuring the direct delivery of training, the less certain we can
be that changes in Levels II, III, and IV are actually attributable to the training program. Qther
factors, unpredicted and unmeasured, may have greater impact than training.

At Level I, the elements mentioned prex.ously in the Content and Delivery System section
(readiness activities, instructional process, maintenance and monitoring, training site, trainers, and
scheduling) skould be measured directly. In addition, some quantification of the degree of
relevance of the program to teachers' perceived and actual needs should be attempted.

At Level I, the best measures are those of increased teacher competence. If the program is of
novel content (as a computer inservice might well be), conventional measurements might have to
be supplemented with new ones that reflect the content of the training. Observational measures of
actual classroom practice are the preferred instruments.

At Level III, measures of student achievement are appropriate. Because this level is rather far
removed from the training, it may be difficult to attribute changes in student behavior directly to
actual inservice practices.

At Level IV, we hesitate to suggest methods of measurement. Although instruments can be
created to measure sctool climate and levels of intercommunication among the staff (Joyce,
Hersch, & McKibbin, 1983), it is perilous to presume explicit connections between an inservice
program and a change in the school environment.

Conclusion

To narrow the scope of the literature on effective i1...ervice, this review concentrates on
literature dealing with the actual conduct of inservice.

The five dimensions of inservice (i.e., content, delivery system, organizational content,
governance, and evaluation [Gall & Renchler, 1985]) were used to examine the literzture. The
predominant feature of the literature is its bases in common practice, rather *han on actual research
Literature specifically related to implementing changes in educational compu:ing is extremely
limited. The literature that exists concentrates on the delivery system aspect cf Gall's classification

Currently, staff development is the major tool for implementing educational change. Reviewing
the literature confirmed our intuitive belief that effective inservice is difficult tc attain for wie
following reasons:

1. Change is multidimensional. (We are dealing with change in a school system, and a school
system is a very complex entity.)

2. Change is a slow process. (It is the nature of a stable and functionir.g system to resist
change. Schooi systems seem to be exceptionally resistant to change, and change only
slowly.)

3. Effective inservice is resource intensive. (In many settings the resources available for
inservice education may not be adequate to produce a significant change.)
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- Leaming styles of adults are complex. (A typical inservice will involve adults with widely

varying interests, characteristics, and backgrounds.)

. Global characteristics of school systems, many of which are outside the influence of the

inservice provider, influence change.

. Participation of teachers in the process of setting goals for inservice may enhance the

learning of the participants, but it is difficult to properly achieve this participation in goal
setting.

- Mechanisms for evaluation of inservice programs are ill-defined and infrequently

attempted.
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Chapter 1.5
Scenarios from an Information Age School

The CII inservice facilitator is a key educational change agent. The facilitator has knowledge of
education and of t..e computer technology that may be the basis for a major change in our
educational system. Moreover, the CII inservice facilitator has access to teachers ard has the
opportunity 0 help move them toward technology-based changes in the content they teach.

For these reasons, it is essential that the CiI inservice facilitator have a good understanding of
what constitutes a good education for life in an Information Age society and for the continued
change that students will face throughout their lives. This chapter was originally written
specifically to depict possible changes in mathematics education. But, in a larger sense it serves as
a metaphor for technology-based changes in our educational system. If you are giving math-
oriented inservices, the material in this chupter will be of specific and immediate interest to you. If
your interests do not include mathematics, then read this chapter with the idea that it is a model of
edurational change. Create your own model to fit the areas in which you are doing inservice
facilitation.

You will notice that it is expected that the reader understands some of the purposes and
underlying concepts of mathematics education. If you are doing inservice designed to impact
people who teach mathematics, it is important that you understand mathematics education. It is not
enough to just understand the computer tools that you ars teaching math educators to use. You
need to facilitate them learning to make appropriate use of these tnols as they change the
mathematics curriculum. To do this, you need to have a good understanding of mathematics
education.

Information Age Mathematics Education

It is not obvious what constitutes an appropriate edu....ion for life in an Information Age
society. This chapter gives three scenarios from mathematics education settings in hypothetical
Information Age classrooms of the rear future. The chapter begins with a discussion of the goals
of mathematics education. The reader will want to examine the scenarios to see how well they
reflect the goals. Also, look for how well the scenarios reflect your ideas on what might constitute
an appropriate education for life in an Information Age sociery.

Much of the inservice education that is needed to support computer integrated instruction needs
to be specific to the discipline interests of the participants. It is quite difficult for 4 person who
knows litile about mathematics or the teaching of mathematics to present an effective computer
inservice for mathematics teachers. If you are thinking about designing and implementing computer
inservices for ma!.ematics teachers, then this chapter may prove to be a good test of how well you
are prepared. The contents of this chapter might well be assigned reading for secondary school
math teachers participating in a computer inservice.

Brief History of this Chapter

The material ir. thic chapter is extracted from a pa,.: that has evolved over a number of years
and has been used for a varicty of purposes. A brief history of the longer paper follows.
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In the {all of 1985 the National Research Council created a Mathematical Sciences Education .
Board (MSEB). MSEB set as its initial task to make recommendations on precollege mathematics

education for 10-15 years in the future. In June 1986 I was asked to submit a position paper

discussing possible roles of computers in such a mathematics education system, and [ did so in

October 1986. Nearly a year later I made use of a modified version of that position paperina

presentation done in a fall 1987 computer eduvcation conference in Alberta, Canada. Stll later I

modified the paper again, to reflect input I received in Alberta and from others who had read the

paper. Then the paper was used as a resource and discussion-topic paper in the Computers and

Mathematics course taught in the University of Oregon summer session 1987.

MSEB held a working session of 20 mathematics educators during August 10-14, 1987 at the
Xerox Training Center in Leesburg, Virginia. The five person working group I was in focused on
possible roles of technology in mathe matics education in the year 2000 and beyond. Other
members of my working group were Richard Anderson (Louisiana), Gail Burrill (Wisconsin),
Margaret Kasten (Ohio), and Robert Reys (Missouri). I used my modified position paper as the
starting peint for the writing I did during that session. After a number of major additions and
revisions, it doubled in length and began to reflect quite a bit of the thinking of our group, as well
as some of the ideas of the MSEB. Since that working session I have revised and expanded the
paper quite a bit more.

The version of the pager presented here has been revised to fit with the general theme of
effective inservice.

Introduction

The purpose of this chapter is to provide a framework for planning major curriculum content '
and pedagogy changes designed tc improve our mathematics education system. Most educational

leaders believe that our precollege mathematics education system in the United States is not as good

as it should and could be. They cite as evidence test scores within this country, international

comparisons, and a variety of national reports of study groups.

It is worth noting that during the past few years there have been a number of national
commissions and other groups that have commented on the total educational system in the United
States. Their remarks tend to parallel the remarks found in reports directed specifically at our
mathematics education system. The general opinion represented in such reports is that substantial
reform is necessary if our educational system is going to adequately meet the needs of our country.

Here are five major factors that suggest change is necessary and impr. *z.ucats are possible in
our mathematics education system:

1 The nature of the intended audience of our mathematics esiucation system has changed quite
a bit in the past couple of decades. For example, kids in high school now have spent about
as much time watching TV as time in school. They have spent their entire lives in the
Information Age, while our school system was designed to fit the needs of an Industrial
Age society. {According to John Naisbitt, the Information Age officially began in the US in
1956.) This anzlysis suggests that mathematics education might be improved by moving it
more towards the needs of people living in an Information Age society.

One key component of the Information Age is rapidly increasing access to more and more
information. A common estimate is that the total accumulated knowledge in mathematics 1s
doubling every ten years. This sugy <ts that information retrieval skills are of increasing Q
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value and that math-criented information retrieval be given increased emphasis in the
‘ curriculum.

to

Over the past couple of decades there has been substantial progress in our understandinz of
teaching theory, learning theory, and cognitive science. Our educaticnal system tends to be
slow in translating suc.. theory and research results into practice. While progress is
occurring, much remains to be done. Research is continuing at a rapid pace.

Research into cooperative learning and cooperative problem solving strongly supports their
potential in education. This suggests that cooperative leamning and cooperative problem
solving should be given increased emphasis in .he mathematics curriculum.

3. Calculators and computers can be used to help students learn mathematics topics. (One of
the topics might be to learn to use a calculator or computer to * .Ip solve math problems.)
The research literature on computer assisted learning (CAL) is extensive and quite
supportive of increased use of CAL. While m 1 of the research in the use of CAL in
mathematics focuses on basic skills, the body  “iterature cn uses to improve higher-order
skills is growing. There is quite a bit of softwa. esigned to enhance higher-order skills.

CAL can make available instruction in individual topics or entire courses that might not
otherwise be available to students. 't can incorporate pedagogy (for example, sophisticated
simulations and motion graphics) that is not readily duplicated without the use of a
computer.

4. Computers can be .. .ubstantial aid to classroom management and to testing, especially as
one works to meet the diverse needs of individual students. Computers can help increase
‘ the amount of individualization of instruction in our math classrooms.

Computers alse can be an aid to teachers in whole-class presentations and activities. Most
math teachers aiready know how to use an overhead projector. There are now relatively
inexpensive devices (about $1,000) that allow the cutput from a computer to be projected
using an overhead projector. Manv math teachers wiil eventually find such a system w be
quite valuable in their teaching. The cost of these devices will likely decrease substantially
in the next few years.

Substantial progress has occurred in devsiuping computer based classroom management
and record keeping cystems. This is called computer ma..aged instruction (CMI). Computer
assisted learning systems often contain a build-in CMI system. CMI systems a'so exist th.t
can help track students in their total educational program.

Many teachers have learned to make cffective use of an overhead projector, film strips, etc.
A computer, or a computer system with a videodisc, is “merely" another instructional
medium. But it is a powerful mediura that can be especially useful in supplementing
traditional standup lecture demonstrations in a math class.

Computer based, adaptive tests, are gradually being developed by the Educational Testing
Service and other groups. Such test. adjust the questions being presented on the basis of
student responses, thus more quickly arriving at a solid estimate of student perfurmance in
a specified area.

5. Calcula:ors, computers, and other related technology hiave become more and more available
as aids to productivity and problem solving in our society. Our current mathematics
curriculum largely ignores possible impacts of compater related technology on conteat.
Perhaps the classical examples are the use of quite iexpensive celculators to do arithmetic
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calculations and the use of computers (or, more sophisticated calculators) to graph data and
functions. Widespread implementation of even just these two types of aids to problem
solving would have a significant impact on the mathematics curriculum.

This paper focuses largely on the last of the five factors listed above, the computer-as-tool.. This
is also called computer integrated instruction. However, the other four factors are also given
serious considzaration.

Nine Overriding Goals

This sectio™ suggests nine overriding goals that can be used when examining an existing or
proposed mathematics education system. The first six are goals for students to achieve, and the
educational system should be designed to provide students good help in achieving these goals. The
seventh goal specifically mentions technology. While the computer is important both in shaping
mathematical content and in pedagogy, it is cleas Iy not the central theme or purpose in mathematics
educaticn. The eighth indicates that our mathematics education system needs to be concerned with
preserving itself. The last goal is for teachers.

G1. Reasoning. The goal is that in a mathematical context students can argue, conjecture,

validate, prove, follow proofs and logical arguments, etc.

G2. Mental mathematics. Wit'..z the framework of the mathematics that students have studied,

they can:

a. Mentally solve "simple" problems. (What is simple will, of course, vary with the
student. But, for example, most stu “ents can learn to do one digit addition and
multiplication; to mentally decompose a modestly complex geometric figure into

component parts (for example, no: - that a kite-shaped figure can be decomposed into
two triangles); to mentaliy collect terms in an algebraic expression; to transfer simple
mental counting and computational skills to real world situations such as dealing with

money; to visualize graphs of simple functions, etc. Here we set as a goal that

students have “number sense," as well as "Mathematics sense" at a level appropriate

to the math that they have studied.

b. Mentally estimate answers to problems of a considerably greater complexity than

those under (a) above. Mental estimation in arithmetic, for example, builds on having
good mental computatior. * aills. Mental graphics allows one to visualize the shape

of a function or the graph of some data.

c. Have areascnably well developed "mathematical intuition” on the correctness of
proposed results. Have a sense for what they know and don't know, or what is

known and not known within a framework of the mathematics they have studied.

(Consider two examples. First, I ask you for President George Bush's phone
number. You might respond, "I don't know, but I can probably look it up in a
Washington DC phone book or ask the operator." Next I ask you for President

George Washington's phone number. You probably laugh and indicate that phones

did not exist when he was president, or that he has been dead for a long tine.)

G3. Valuing. Mathematics is part of our history and culture. It is a human endeavor that 1s fun
and exciting for many people. The goal is to have students value and appreciate
mathematics and their ability to know and do mathematics at the level to which they have
studied it. Students should have good self esteem, and taking math classes should not
damage that self esteem.
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G4.

Problem solving. Learning theorists talk about transfer of learning, and the ideas of near
transfer and fzc transfer. Suppose that a student uses beans and bean sticks to add 8 and
13.” snitis probably a near transfer for the student to add 8 pennies and 13 pennies. It
is a ructher transfer for an 8 year old child to determine his/her age in 13 years, ora 13
year old child to determine his/her age in 8 years. Problem solving involves the transfer
of knowledge and skills. The further the transfer and the larger the number of steps
required in the process, the more difficult the task tends to be. The goal is for students to
learn to solve math-oriented problems that are solvable within the mathematics they have
studied.

The innate ability to transfer learning to new problem situations varies tremendously
among people. But appropriate education can increase this ability. Thus, there must be a
major emphasis in mathematics education to teach for transfer of problem-solving skills.
(Another way of saying this is that there should be a decreas. in emphasis on lower-order
skills and some of the time saved should be used tc increase e.phasis on higher-order
skills. Some of the time saved could also be given over to increased emphasizs on topics
such as informal geometry, probability, and statistics that are not currently given enough
emphasis.)

Problem solving is a rather general goal. I+ subsumes the following two subgoals.

Gi-A

G4-B

GS.

G6.

G7.

Data analysis and representaticn. The goal is for students to learn mathematics needed to
deal with data. This includes such things as to extract information from data, represent
data graphically or in appropriate tables, use data as an aid to solving problems,
appropriately tabulate statistical data, perform simple statistical computations, interpret
statistical results, etc.

Problem representation. Mathematics provides vocabulary and notation for the
representation of a wide range of problems. The goal is that students can use the
mathematics they have studied to represent real world problems. We call this
mathematical modeling, and it should be given considerably greater emphasis in the
curriculum.

Communication. The goal is for students to be able to speak mathematics and unders ...
spoken matherr atics; to read and write mathematics; and to do math-oriented information
retrieval. Our current mathematics education system is particularly weak in helping
students to learn to retrieve math-oriented information, so this area needs special
attention.

Study and learning skill: The goal is for students to develop study skills appropriate for
ming mathematics and to leam how 1o learn machematics. (Research supports the value
1 teaching study skills.)

Technology. The goal is for students to learn to do mathematics in the type of
environment they are most apt to encounter after they leave school. "This means that the
mathematics education system must consider the full range of environments, from the
unaided human brain to a highly computerized environment.

Our understanding of transfer of leaming suggests that if we want students to function
well in a particular environment, we should educate them in that environment. Thus, if
we want students to ‘eamn to functior. well in an environment in which computers are
routinely used as an aid to problem solving, we should educate them in an ei.vironment in
which computers are routinely available and used as aids to problem solving.
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G8. Producing mathematics leaders. As we work to improve our mathematics education ‘
system, we need to pay special attention to students who have particularly good
mathematical ability. The goal is to foster this ability and to help these students develop a
strong interest in mathematics. The future of mathematics education depends on having a
continuing supply of very corapetent mathematicians and mathematics educatiu, leaders.

G9. Teachers' ~ole. The goal is for teachers to adequately and appropriately facilitate studsnts
in G1-G8 above. Research suggests that it is helpful if teachers role model the behaviors
they want their students to learn. Thus, one specific goal here is for teachers to learn to
role model learning and doing matiiematics in an environment that includes calculators
and computers.

Scenario 1 (A Third Grade)

This is the first of three scenarios reflecting ideas on the mathematics curriculum of the year
2000. This scenario represents a third grade classroom in the year 2000. Other scenarios in this
chapter give gl.npses into possible futures of middle school and high school.

Itis the year 2000, a little before 10:00 in the morning, and you are visiting a third grade
classroom. As you enter the school building it reminds you of when you were in school. Not
surprising, since you attended this same school twenty years ago. New school buildings are
somewhat rare.

You have asked the teacler to tell you when the math period would be. The teacher hedged the
answer, indicating that students may be doiug math types of things at almost any time of the day.
However, at 10:00 in the moming most of the class is typically engaged in a math type of activity. ‘

As you walk into the classroom you notice that there are a number of computer display screens
and keyboards, several with groups of 2-4 students around them. You do a rapid mental estimation
that suggests that there is roughly one computer work station for every three students in the class.

You notice the teacher working with a group of students. The students arc practicing mental
computation. A student has posed the problem of finding the sum of 23 and 18. As youn ntally
try to visualize these two numbers lined up vertically in your head, you hear several studeuts and
the teacher respond with an answer of 41. Terry, one of the students in the group, explains one
way o do it. "I think of a reference number that is near 23 and 18, and which is easy to work with.
I use 20, since I can easily see that 20 plus 20 is 40. But 23 is 3 more than 20, and 18 is 2 less
than 20. So, I need to add 1 to 40 to get the answer." The teacher says, "I did it a little different. I
saw that 23 was the bigger numuer, so I moved some of it to the 18. That is, I ckanged the
rroblem to 19 and 22, and then to 20 and 21. Then I could see that the ans. :r was 41." Another
student, Pat, says, "I remembered that 18 and 18 are 36. I then counted on from 3o as I went up
from 18 to 23.

The teacher sends the students off to work together, requesting that they continue to give each
other two digit addition problems to do mentally. The teacher suggests that if they have a
disagreement on an answer, they may want to check it out on a calculator. You notice that there are
a number of calculators readuy available to students.

You ask the teacher v hat is going on at the computer work stations. The teacher responds that
each student or group of students is likely working on something different. For example, Tom 1s
working alone, using an "old fashioned" drill program on single digit arithmetic computation facts.
You watch as Tom runs through a mixed list of addition, subtraction, multiplication, and division e
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exercises, completing them at the rate of about one every two seconds. You notice that when Tom
makes a mistake the machine provides the corrert answer and shortly later presents the same
exercise again.

After about a minute or so the computer changes the presentation of the problems. It shows a
rectangular pen filled with sheep in orderly rows, and asks how many sheep are in the pen. As you
watch the computer presents a number of picture-based problems that are solvable by mental single
digit arithmetic. After another two minutes, the computer switches to money-based drill exercises.

At the next computer work station you see three students playing = game that involves finding a
lost treasure. They are looking in a castle that has many roces on each of several floors.
Frequently the clues direct thern to retrace their path, move in a specified direction a certain
distance, or to go to a specific room. One student is taking notes, and all three seem to be
discussing the various options at particular decision points. The teacher explains that this compute:
game is designed to promote cooperative problem solving. (It's hard for one student to keep the
necessary record, make the decisions, run the computer, and detect his/cs mistakes all at the same
time.) The game is also designed to help improve spatial wrientation, record heeping, and fc'owing
directions.

At still another computer station you see four students working together. They are playiny a
business simulation game. Each student is one of the partners in this fruit juice stand businerss. As
they play the game they have to make decisions about how to spend their time and money. How
much time should be spent on paiating signs? How much iruit juice should they have availabie,
and what should they charge? The goal is to make as much profit as possible. But all four students

must agree on each decision before it is entered intc the computer. When there is a disagreement,
the students must work together untl they agree.

At still another computer station you see a student working with some sort of program that
allows the student to write, dr.w pictures, and work with databases. The teacher indicates that the
student is using LogoPS, which was an outgrowth of the Logo software of the 1980s. In essence,
1t incorporates a word processor, a database system, and other problem-solving software into the
"classical” Logo for microcomputers.

As you move away from the computers you almost trip over a group of students who are
repeatedly throwing pairs of dice and recording the results on paper. The students indicate that the
goal is to throw tae dice 300 times and to see how it comes out. Sue h".s conjectured that the low
numbers (2 and 3) will beat the high numbers (11 and 12). Tom has conjectured that there will be
more sixes than anything else. Cathy has conjectured that there will be more even numbered
answers than odd numbered answers. Karen has estimated that the four of them will complete the
task in less than 10 minutes, and she is keeping one eye on the clock. She hopes that there will be
enough time to dg it all over again before it 15 time to do writing. She wants to write about how it
comes out. (The teacher indicates that the students will be doing writing as so0x as math is over.
Often they are asked to write about what they are doing during other parts of the day, such as what
they are doing in math.)

Before leaving the third grade classroom you get a chance to talk with the teacher. You ask
how it is possible to keep track of wha, all the stadents are dcing, and how it fits together in a
curriculun:. The teacher points to a computer, toa stack f activity recording sheets, and to a
cabinet of materials. "The cabinet is full of manipulatives—for example, lots of sets of clice, bean
sticks, 100s boards, tiles, spinners, timers, and other manipulatives. My computer keeps Getailed
records for each student. The students work together in groups of four, although one or two
students will often split off from a group for a day. A group of four has considerable responsibility
for itself and for its individual members. But each student has at least one individual session with
the compute- =ach week. In this session the computer asks a lot of questions about what the
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student has been doing. It is sort of an interactive diagnostic test. The computer system offers
suggestions on what the student might work on, and it gives me a detailed print out.”

"I realize it all sounds quite complicated, but actually it is easy. Each day each group of four
knows what it and its members are to be working on. Partly it is their own choice, partly the
computer suggests what they might do, and partly I tell them what to do. When they use a
computer it keeps track of what they are doing. When they do off-machine activities, I have them
fill out these activity sheets. I feed that information to the computer, so it has a record of what the
students are doing."

Needless to say, [ was impressed! But I wondered about testing. "How 2v you give tests on all
of this?"

The teacher indicated that no formal pencil-and-paper math tests are given in the third grade.
The computer is gathering formative data whenever the student uses the computer. Since each
stzdent has at least one individual computer session per week, quite a bit of formative data is
gathered. In addition, the teacher observes .. hat the students are doing, and spends a lot of time
working alongside the students. The role modeling is another important idea in math education.
“It's fun--I get to do what the kids do, and I often learn new things or new ways of looking at the
math I learned while I was in school.”

I thanked the teacher, indicating once more that I was impressed by the changes from when I
was in school. "Math looks like a lot of fun. Maybe if we had had these things while I was in
school, I would have liked math."”

Two Key Computer Related Questions

Scenario 1 is all based on ideas and technology that currently exist. While computers play an
important role, the human element dominates. Education is a human endeavor. In order to do
mathematics it is necessary to carry in one’s head a great deal of understanding about mathemancs.

However, it is clear that computers and related technology can play an important and increasing
role in doing mathematics. Thus, we can think about a person:

+ Doing mathematics making use only of his/her brain.

*  But also making use of conventional aids such as book, pencil and paper, protractor,
straight edge and compass, etc.

¢ But also making use of inexpensive and easily portable electronic aids such as a handheld
solar powered calculator.

*  But also making use of microcomputers (which may or may not be easily portable, but then
again, they might be portable).

*  But also making use of access to mini or mainframe computers, networked computer
sy.tems, ‘elecommunications, large databases, etc.

In all of this we also have the issue of computer assisted learning. Thus, two key computer
technology-related questions have arisen in mathematics education.

Chapter 1 5 Page 8




1. How should the content of mathematics education be changed to reflect the availability and
capability of computers, calculators, and related aids to problem solving? This question
focuses on:

a. Use of calculators and computers as tools to help solve problems.

b. Changes in the curriculum content, such as increasing the emphasis on exact and
approximate mental math, geometry, statistics, and discrete mathematics, while
decreasing the emphasis on paper-and-pencil computation and symbol manipulation,
and rearranging the order of presenting various topics.

(9]

Can calculators, computers, and computer related technology help improve pedagogy in
our mathematics education system? This question focuses primarily on use of computers as
an aid to learning mathematics, or on CAL in its broadest possible definition. For example,
use of a calculator as a manipulative in learning coanting would be considered as CAL in
this broad definition. But the question also deals with the use of a teacher-controlled
computer with a displa, that can be viewed by the whole class. A Level 1 videodisc system
(no computer, and the system may be under teacher centrol) is also included.

These are difficult questions and cannot be fully addressed in a paper of this length. However,
the discussions, scenarios, recommendations, and appendices that £>llow provide a solid indication
of some possihle answers.

Computer Facilities: Hardware and Software Considerations

In planning for instructional use of computers in mathematics education, it is he:, {ul to have
some model of computer availability and capability in mind. The creation or selection of a model is
a challenge, since both conputer availability and capability are changing very rapidly. Almost
every week one is apt to enounter n2ws of a new product that is siguificantly better than the
product it competes with. Over the past 30 years, progress in computer hardware has led to a price-
to-p: -formance gain by a factor of 10 roughly every seven years. Ther: is good reason to believe
this will continue for at least 14 more years. (Th article Personal Workstations Redefine Desktop
Computing by Jeffrey Bairstow on pages 18-23 of the March 1987 issue of High Technology
discusses this in detail.)

People doing long-range planning for mathematics education should not dwell unduly on
inadequacies of current computer capabilities and student access to these systems. Rather, they
should assume that eventually every student will have easy access to a very powerful computer
system. The time frame necessary for making significant changes in our .nathematics education
system is sufficiently long so that during the same time frame computers will become readily
available to all students (and others, such as workers and people in their homes) who have need to
use them.

People doing very lung-range planning (10 - 15 years) ‘or computers in mathematics education
might want to assume that something like today's Macintos: 2, IBM PS/2 Model 70, or NeXT
computers will be readily available to students. Let's call this 1 Mather 1atics Education Computer
System (MECS). The needed software and courseware for MECS has four main compoaents.
While mu..a of this software aud courseware already =xists in discrete components, it has not been
drawn together s a unified manner. Thus, we should assume that the software and courseware
facilities available for the MECS will continue to improve rapidly with time. The four components
of this software and courseware are:
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1. A mathematical reference library containing the equivalent of many hundred of books.
Materials would be available for students at a variety of grade levels and mathematical
maturity levels. This library would also contain instructional support materials for teachers,
such as back issues of the publications of the NCTM, sample lesson plans, courseware
developed by federally-supported projects, etc.

Note that one CD-ROM disc can hold 550 million characters; a thick novel is about a million
characters in length. A CD-ROM can aiso store digitized pictures and diagrams. Thus, the above
library can be stored on a modest number of CD-ROMs, (The cost of making a ‘arge number of
copies of a CD-ROM, once an original has been produced, is under $2 each. A CD-ROM player
has only a little greater complexity than a CD audio player. Thus, the price will eventua:ly be in the
$200-$300 range or perhaps lower.)

Texts written specifically for access via computer can be interactive. They can make provisions
for moving more deeply into a particular topic, or backing off and looking less deeply into parts of
it. (Ted Nelson called this concept Aypertext when he pioneered it in the late 1960s. Hypertext is
now coming into commor use, mainly through a piece of software called HyperCard that runs on
Macintosh computers.) A whole new style of writing will need to be developed, along with a
careful cross-indexing system that helps guide readers through the wealth of available materials.

We already have the concept of dynamic texts. Data in a computerized database can easily be
ordered, selected, graphed, etc. to meet one's specific needs. A spreadsheet program can take in
data (perhaps from a computerized database), perform a variety of calculations, and display the
results in a variety of formats. Al of this is supportive of the idea that in mathematics education we
need to have students learn to make use of multiple sources of information. The fixed, static
prinzed text that is changed once every six years cannot serve as ti2 dominant basis for an
Information Age mathematics curriculum.

It is difficult to appreciate the benefits of having easy access to lesson plans, assignments,
worksheets, exams, etc. in a computer readable form. This type of aid to t~acher productivity is not
yet available to most teachers. The effort of computerizing all of one's own filing cabinets of such
materials is overwhelming. But imnagine all of the "neat stuff" that master teachers have
accumulated over the years. Then imagine a beginning teacher being provided with a CD-ROM of
such materials. This would be a tremendous aid to most teachers.

2. Applications (computer-as-tool). This would include a basic core of general-purpose
applications software, such as a two and three dimensional graphics package, a word
processor designed to handle mathematical notation, a general-purpose equation solver, a
statistical package, spreadsheet, database, and an al gebraic symbol manipulation system. It
would alsn contain many hundreds of more special-purpose programs designed to help
solve more specific categories of mathematic,, problems. All of this software will need to be
cross-indexed with the reference materials discussed above and with the computer assisted
instructional materials to be discussed next. Eventually all three of these sets of materials
will need to be integrated into one comprehensive system.

3. Computer assisted learning materials covering the K- 14 mathematics curriculum. In
addition to traditional CAL, this would include simulations that create problem-solving
environments, logic proof checkers, and other interactive aids to learning and doing
problem solving.

Very roughly speaking, CAL materials can be divided into the categories of "primary” and
"supplemental.” By primary, we mean materials designed to stand alone and be a primary resource
to students studying a certain area. (Typically the CAL materials would be supplemented by a
standard text or other print materials.) Much of the CAL math materials that now exists was
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designed for supplemental use. For example, students might use drill and practice in arithmetic
materials for ten minutes a day to improve their arithmetic computational skills. Studeuts might use
a piece of problem-solving softwarz to practice a couple of heuristic methods in problem solvir.g.

Several companies now mar™ t primary, full-year length CAL math courses for the secondary
school math curriculum. In man, :ases the quality leaves much to be desired. The cost of
developing « very high quality primary CAL year length course is probably in the range of $5-$10
million. While the potential seems good, the re~lity is that few if any really good CAL-based
courses exist for precollege mathematics. (Some quite good pieces of courses e:xist.)

4. Programming languages and aids to computer programming. There are hundreds of
programming languages, CAL authoring languages, CAL authoring systems, etc.

The past few years have seen a widening of the gap between "professional level" computer
science and computer programming, and “personal” computer programming. It seems clear that a
rigorous introduction to computer science and programming in a structured language such as
Pascal will not become part of the regular precollege mathematics system. However, all students
who can learn the regular mathematics curriculum can easily gain a modest, but highly useful level
of personal programming skills. Such programming skills can be used to reinforce math concepts
and to add another avenue for mathematical exploration. This has been amply demonstrated by
users of Logo in elementary and middle schools and by users of BASIC at a variety of grade
levels. (While BASIC is looked down upon with disdain by computer scientists, it will remain as a
viable tool of many students and other computer users. Logo seems to be gaining acceptance at the
secondary schocl level.)

It is evident hat no preccllege students currently have assess to the MECS hardware and
software we have described in this paper. However, many scientists and enginzers have access to a
combination of computer facilities, libraries, and support staff that are roughly equivalent to
MECS. By the year 2000 many students will have access to a significant portion cf this system.
Moreover, mathematics education leaders could set a goal of making MECS available to all
students.

You will note that we have not mentioned calculators in this section. A calculatorcan b viewed
as a special purpose, more easily portable, less expensive computer. The capabilities of hr ..dheld
¢! ulators have continued to grow. Very roughly speaking, the best handheld calculators of today
.2 somewhat equi.alent in compute power to low to medium priced mainframe compuiers of
ansat 25-30 years age, and this 25-30 year gap is being maintained over time. It seems clear that
the handheld calcui..or will be with us for the foreseeable future. (If v want to be a little science
fictionish, eventua'ly the handheld calculator will become a voice input device that is part of the
telecommunicatons system. It will be able to handle "simple” problems using its own comput:
power. and it will serve as both a telephcne and as a terminal to mainframe computers, the Library
of Cungress, etc. Rapid progress in telecommunications technology is contributing to significant
progress toward networking the world.)

Accumelated Mathematical Knowledge

Perhaps the single most important idea in problem solving is to build on he previous work of
oneself and others. Mathematics, with its careful notation, precise definitions, and formal proofs is
well suited to helping people build on the previous work of themselves and others. A stude... J
learning to court and to write the numerals is building on the work of those who invented counting
and the notation we now use for numerals. (For most purposes, it is a far superior notation than
Roman numerals.) Students who have learned how to count can use this skill in solving a wide
range of problems.
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The accumulated mathematical knowledge of the human race .», roughly speaking, in three
general categories of storage aud processing "media."

1. Human minds. Note that the human mind is ooth a storige and a processing medium.
(Note the parallel with a computer.)

o

. Books, journals, written notes, photcgraphs, paintings, and other passive ruedia that can
be repeatedly accessed. Category 2 also includes phonograph records, tapes, movies,
videotapes and other dynamic storage media that technological progress has produced in the
past century. Still more recently we have magnetic tape, magnetic disk, and laser disc
storage systems for computer readable data.

3. Artifacts that people use to help "do" mathematics. This includes tools such as abacus, slide
rule, straight edge and compass, protractor, calzulator, and computer. Pencil, 1 er, chalk
and chalkboard can all be included in this category.

A protractor is an excellent example of a mathematical artifact. It embodies substantial
mathematical knowledge. Most students can easily leam to make use of some of its capabilities to
heip solve problems. It is not necessary for a student to fully understand the mathematics embodied
in a protractor, nor to understand all of its uses, to begin to make effective use of this tool. A
protractor, like many of the other mathemutical artifacts, both stores mathematical knowledge and
aids in processing or making use of the knowledge.

A mathematics education system is designed to build on the capabilities and limitations of each
of the three categories of storage and proccssing media. Any significant change to one of the
categories may lead to a significant change in our mathematics educational system. For example,
the development of reading and writing greatly changed Category 2 and certainly led to major
changes in both the field of mathematics and in mathematics education. The development of
movable type, another major change in Category 2 that eventually greatly increased access to
books, changed mathematics education. In Category 3, solar powered handheld calculators have
had a significan* impact on adults and a more modest impact on our mathematics education system.
Gradually the use of calculators has come to be accepted in school mathematics. Recent years have
seen significant progress toward allowing use of calculators ir state wide and other assessment
settings.

Computers impact each of the three storage media. First, consider the human mind. We now
have very good research evidence that computer assisted learning can help many students learn
certain aspects of mathematics significantly faster and better as compared to traditional modes of
‘nstruction. Moreover, complete courses can be delivered by C AL, providing good quality learning
opportunities that might not otherwise be available to students. Finally, CAL allows uicreased
individualization of instruction, with students working on mu:erials appropriate to their levels and
moving at paces appropriate to their abilities.

One of the major goals of education is to help students become inde endent, lifelong learners.
Most students never achieve this goal, especially in mathematics. CAL holds the potential for a
shift of responsibility for learning mathematics more toward the student. CAL can provide good
and immediate feedback on how well one is doing on a set of material. Studunts can lea.n to
evaluate their own performance and begin to accept more responsibility for their own lea.ning.
This may contribute to helping the students to become independent, lifelong learners.

Category 2 contains both passive storage media such as books, and dynamic storage media

such as phonograph records. It is evident that computers provide a new passive storage medium.
Computers provide for the storage of a large amount of information in a small space. The
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previously-mentioned CD-ROM is just 14 cm in diameter and the thickness of a phonograph
record. But it can store 550 million characters—the equivalent of about 500 thick novels. (Imagine
holding the equivalent of an entire elementary school library in the palm of one hand!) Moreover,
computer technology facilitates easy access to remotely located databanks. We are moving toward
the trne when the entire United States Library of Congress is on line and readily .vailable to people
who need such access to information.

Computers provide a new type of dynamic storage, an interactive type of storage that is unlike
anything we have had before. This is discussed more in the Category 3 discussion.

Category 3, artifacts, contains tools that aid one in doing mathematics. Ve now have the
possibility of students growing up with the computer tool. It seems evident that growing up in a
MECS environment will shape students’ minds in a manner quite a bit different from what occurs
1n 2 non-computer environment. For example, consider computer graphics. Without computers it
takes considcrable effort and training for a student to represent data or functions graphicai'y. Even
a single, crude sketch of a function or a set of data can easily take minutes tc produce. Aniination is
quite difficult to depict in hand drawn sketches. With MECS, graphing a function or a set o data
becomes .+ "prnumitive” that is usually accomplished in less than a second of computer time af'er the
task has been specified. Students using MECS can create graphical representations of data 2t a
younger age than they can without this tool.

Or, consider solving equations (polynomial, non-polynomial, linea: systems, no’uinear
systems, etc.). The value of computers is obvious. Many time consuming and tedious tasks
become primitives, routinely accomplished both rapidly and accurately by the computer, as one
works to solve mathematics problems.

Or, consider linear programming and nonlinear programming. Students can learn to use these
tools for mathematical modeling long before they can learn the underlying theory of solving such
problems. Computers are already routinely used by all people who solve such problems.

The above analysis illustrates the most obvious ways in which computers impact the storage of
accumulated mathcmatical knowledge. But there is still another, even more important idea.
Computers .-epresent a :ew, dynamic way to store some of the processes of applying hu.man
knowledge. In essence, a compuzer system is a medium combining the second and third storage
categories. An application program designed to sclve a particular category »f problem both stores
human knowledge on how to solve the problem and directs hardware to carry out the steps to solve
the problem.

Research and development in artificia. .atelligence are gradually producing computer systems
that capture some of the problem-solving capabilities of human experts. Progress of this sort tends
to be cumulative. Thus, more and more mathematical problems will be solvable by merely telling
the problems to a computer. Thus topic deserves a much more detailed treatment than we can
provide in ¥, limited space available here. Over the long run, progress in artificial intelligence may
well change the, basic nature of mathematics education. Students will grow up in an environment in
which they learn to communicate with a computer system (by voice and keyboard) that has
immense maathematical knowledge and ability to solve mathematical problems.

The most important idea n this section on Accumulated Mathematical Krowledge is that a
ccmpueer can be used to retrieve information and procedures telling how to solve a problem, and it
can also execute the procedures both rapidly and accurately. In essence, this adds a new dimension
'o mathematics education. This wili be made clearer in the next section.
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A Simple Model of M .thematical Problem Solving a

In this section we present a simple-minded model of problem solving in mathematics. (In
essence, this is tae standard four-part Polya model that math education leaders have been
supporting for years.) The purpose is to point out the main places where the MECS will impact
people who use mathematics to solve problems. A secondary purpose is to suggest some possible
major changes in emphasis in various parts of the mathematics curriculum.

1. Understand the problem. This may require making use of reference materials, and MECS
will be useful. But to a large extent, understanding a problem requires drawing on one's
total knowledge, asking probing questions, and interpreting problem situations in light ..
human values. It is a human erdeavor, drawing heavily on the totz ‘nterdisciolinary
knowledge and skills of the problem solver. Often it requires good interpersonal
communication skills.

A key point is that the typical "real-world" mathematical problem is interdisciplinary in nature.
One must know be*h about the disciplines of the problem and about mathematics to understand
such a typical real world problem. Currently, many academic disciplines such as the social studies
make minimal use of mathematics in their curricula. MECS provides tools that could change that.
Increased application of mathematics throughout the school curriculum would make a significant
contribution to mathematics education.

2. Develop a mathematical model of the problem. To a large extent, mat' matical modeling is
an intellectually challenging human endeavor, drawing upon one's tc.... xnowledge of
mathematics, the disciplines and specific nature of the problem at han. , and experience in
mathematical modeling. The MECS may be useful for information retrieva’ (for example, ‘
retrieving models that might be appropriate), drawing graphs and other pictures, word
processing, etc.

MECS chang.:s the range and nature of models available. Students can learn to use linear and
nonlinear equation models, linear and nonlinear programming, etc. without knowing how to solve
such problems using by-hand methods. Models can be used that require exhaustive search of rather
large solution spaces. Statistical models can be vsed that require extensive computations or
exhaustive searches. Graphical mode s can be used because two and three dimensional graphing 1s
easily accomplished by computer. MECS has the compute power and graphical capability te do
animation and color graphics.

3 Solve the mathematics problem developed in the previous step. Quite likely the MECS can
do this or can make a s, gnificant contribution in doing this. Often this step is somewhat
mechanical, and it is the step most conducive to being automated. (When secondary school
math teachers are as.-ed to examine the curriculum they teach, they typically estimate that
between 60% and 80% of the curriculum focuses on this step.)

4. Interpret the results in light of the original problem. Return to Step 1 as needed. This
mathematical "unmodeling” and interpretation process has the same characteristics as Step
2. It is a human endeavor requirirg good understanding of the original problem and good
thinking skills.

Even this simple model of mathematical problem solving makes clear that mathematics is and
will remain a human endeavor. This model, and the discussion of the Accurnulated Mathematical
Knowledge, make it clear that one must "know" a lot of mathematics in order to "do" mathematics.
But the doing of mathematics is highly dependent on the tools available and how well one has
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learned to use the tools. That is, learning to do maihe natics is inextricably interwoven with
leaming to use the tools available to mathematicians.

Educators talk about a concept called "the teachable .noment."” Imagine a person working to
solve a mathen.atics problem but not having the knowledge and/or skills needed to handle sc
aspect of the problem. We can imagine that the person might move from a problem-solving mode
into a CAL study mode to learn some aspect of the problem, and then back into a problem-solving
mode. This woulc, be taking tull advantage of a teachable moment. It represents a significant
change in matheinatics education which could help narrow the gap between learning mathematics
and doing mathematics.

But there are two other key ideas evident from this simple model of problem solving. One is
the 1dea of information retrieval. For many reasons we currently do a relatively pecr job in helping
students learn to use mathematics reference materials. The availability of MECS could (would)
provide a strong incentive to make signif’-ant changes in this aspect of mathematics education. .47
increased emphasis on information retrieval in *“e mathematics curriculum would help move math
education into the Information Age.

The second major possible change comes from Step 3 above. Computers can execute
algorithms quickly and accurately. The basic nature of the human brain is that it is not good at exact
memorization and at doing repetitive tasks requiring extreme accuracy. It "forgets,” .r becomes
bored, or just plain makes an occasional error.

The types of abilities that lead to excellence in doing repetitive computations or symbol
manipulations seem only vaguely related to the higher-order, problem-solving skills that we want
students to gain through thewr mathematical studies. Indeed, it could well be that the emphasis on
developing such skills is one of the roots of the "I can't do math and I don't like math" outcome
that 15 so frequent in our mathematics education system.

The :oncept of an "inverted” curriculum has arisen from the type of analysis given in this
sectior In essence, the use of a comnputer to execute algorithms facilitates teaching students to use
a computer to solve certain categories of problems without teaching them either the underlying
theory or how to do the computations by hand. We currently have little research to help us
understand possible effects of using a computer based inverted curriculum. But there are quie a
few non-computer based somewhat analogous situations in our current curriculum.

The protractor was emphasized in earlier in this paper because it illustrates some of the inverted
cw.iculum ideas. Similarly, we teach grade school students to make use of a zero and a decimal
point, both of these represented major breakthroughs in mathematics, and their underlying theory i>
well beyond students who are first learning their use. The ideas of a function and of functic-al
notation are introduced rather early in our mathematics curriculum. These are deep mathematical
concepts, perhaps only fully understood by people who have both good mathematical ability and
who study the subject for many years.

Note that "cookbook" statistics and other math-application courses existed before computers
became available to students. The use of computers in such courses has been common for many
years. In many ways a cookbook statistics course represents a type of inverted curriculrn.

We have not discussed possible applications of artificial intelligence in mathematics education.
The MECS we have described is powerful enough to execute the artific.al intelligence software that
currently exists or is under development. More and more problems will be solvable by merely
accurately specifying (describing) the problem to a cumputer. The computer will interact with the
problem poser to assist in this accurate specification process. The potential impact on mathematics
education is not clear.

Chapter 1.5 Page 15

ﬁ‘v
1iu




One of the early attempts to apply artificial intelligence ideas to arithmetc instruction was the é
program Bugy developed by John Seely Brc 1 at Zerox's palo Alto Research Center. The goal

was to develop a program that could detect and classify student subtraction errors, and then

provide appropriate remediation. The program wasn't as useful as might have been expected,

because of the nature of the human mind. Students tend to make random errors. At one moment

they will demonstrate that they can perform a certain type of computation, and a few minutes later

they will fail in an attempt to do a nearly similar computation. It seems clear that we need a learning

theory that better reflects the frailties of the human mind.
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Scenario 2: Middle School

12 September 1999
To Whom It May Concern:

I have been informed that I have been nominated for Teacher of the Year and that
I should write a letter supporting this nomination. I am embarrassed to write about
myself, but here goes!

I am 61 years o)1 and have been teaching for 32 years. I have three children and
five grandchildren. I began as an elementary school teacher in 1960. About fifteen
years ago I decided to take my present position, which is teaching all of the middle
school students (grades 6-8) in a small rural school. Our school has four teachers,
covering grades K-12.

I graduated from college in 1960, which certainly seems like a long time ago. My
major was elementary education and I specialized in reading. I have always enjoyed
books, and I am good at looking up information in a library. T focused on primary
school education because I wasn't sure I could handle the math in the upper grades.

My first teaching assignmert was in second grade. I stayed at that level for
several years. Then I attended a math workshop which placed special emphasis on use
of manipulatives. For the first time I began to understand that math was more than just
doing arithmetic, and that math could be fun. I immediately changed my math

curriculum tu reflect what I had learned. I think we used a book called Math Their Way.

During the next dozen years I taught at most of the elementary school grade
levels, but with several years off to have children. I learned quite a bit about science
and math, but I continued to focus mainly on language arts. It has always seemed clear
to me that reading and writing are at the very core of education. I taught all of my
students to have good library-use skills. Even when I was teaching math, I emphasized
leamning to read the math book.

In the mid 1970s I attended a National Science Foundation inservice that focused
on use of calculators and computers. Well, we certainly didn't have any computers in
our school—indeed. the only calculators were in the 1. .n office. But I bought ar.
electronic calculator and began to »xperiment with it in my fifth grade class. I let
students use it to check answers. Also, students could play with it as a reward for
getting their math assignments done quickly and neatly. They had fun making up
problems so that when the calculator display was turned upside down it spelled out a
word. But, all in all, I was not impressed by such silly uses of this machine.

In 1980 I managed to talk my principal into buying a classroom set of calculators.
We got solar powered calculators, and they cost about $25 apiece. I guess that was
when I really began to get interested in math. I was teaching sixth grade then, and my
students had already had quite a bit of instruction in paper and pencil arithmetic. I
decided to let them use calculators whenever they liked, and I began to focus on
problem solving. I remember that some of the parents got quite unhappy. But there was
an article in the Arithmetic Teacher (December, 1980, by Grayson Wheatley) that gave
research supporting my position. And then the Agenda for the 80s came out, and it
supported my position.

I moved to my rresent position in 1985. (My husband is the school principal and
teaches part time.) This year I have five sixth graders, four seventh graders, and seven
eighth graders. Let me tell you about a project we are working on, since it will give you
some idea of how I teach. Each year we spend ~ whole lot of time on just a few
proj==ts. Some of the projects, such as the onv  will describe, continue year after year.
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The project began several years ago when . first learned about acid rain. It seems
like acid rain may be damaging the trees and crops in our community. So, we bsgan to
talk about this in my classroom. All of my students expressed some interest in this
topic, so we decided to build a unit of study around it. We approached it from a
problem solving point of view with all students working together, as we do for almost
everything in my classroom.

Iknow that I am supposed to allocate = certain number of minutes a day to math,
science, language arts, physical education, etc. But I just don't follow these rules very
closely. (I do make sure that each student gets an hour a day of drill and practice on
"basics” on the computers, covering math facts, spelling, vocabulary, geography, and
so on. This hones their fundamentals and ensures they will do well on the standardized
tests that they huvo o take.)

The class ap2 1 decided to spend our physical education time going for walks in
the woods and fields, seeing whether we could detect changes that might be due to acid
rain. The kids began to gather tree leaf samples, as well as samples of various Crops.
They thought that maybe we would be able to see a change from one year to the next.

We used cur computer to search periodicals for articles about acid rain. It seems
like this is a probleia going back to the 1980s, so we looked up and read a number of
old magazine articles. Onc of the things that we learned is that the Canadian and US
governments have been arguing about whose industry was causing acid rain, so I had
my students begin to read about this. Each student had to write a paper on how
different countries resolve such issues.

We learned a lot about the Industrial Revoluticn, competition among companies
and countries, and how hard it is to figure out who is to blame. I had my students study
the rapid growth of manufacturing during the industrial age and write reports on what
they were leaming. They had some trouble understarding the big numbers used to
describe company sales and profits. So, we spent quite a bit of time on economics and
how companies work to make a profit. We made use of a business simulatio. game—
the kids played it for several w.eks.

Meanwhile, we had all of the sm:ff they collected in the woods and fields. We
decided it would be a good idea to measure the tree leaves and to find their areas. But it
soon became evident that there is no simple formula for the area of a leaf, and that each
tree had leaves that differed widely in size and shape. This lead us into studying some
statistics. Soon I had all of the students atteinpting to gather a "random sample" of
leaves from various trees. We build templates for measuring the length and width of a
leaf. Students learned to find area by tracing a leaf on graph paper, and then counting
the number of squares. We recorded our dat in a computer database. We used the
cornputer to calculate means and other statistics. We also p.*nted out graphs relating
lerigth to area, width to area, tree type tc average area, etc.

A neat thing happens when you have students of several grade levels working
together. The kids that are good at something help the others. When they can't help
each other, then I ge: involved in providing the help. But usually I let them muddle
around, trying to figure it out for themselves. We have a lot of good computer assisted
learning materials. The older kids often direct the younger kids to CAL materials that
they found particularly useful. In some ways this combination of older kids and
computers is like having a half dozen teacher's aides.

It turns out that lots of people are interested in acid rain. We sent away for a kit
that allows us to measure e acidity of rain. We built a weather station and spent quite
a bit of time studying weather. We set up rain gauges in a whole bunch of places, since
there is quite a bit of variation in a region. This way each student wzs responsible for
maintaining one rain gauge, and reading it each time it rained. We got a contest going,
to predict how many cm of rain we would have in each of the months remaining in the
school year. I showed students how to look up rainfall data from previous yeazrs for our
pait of the state. They vsed data from the past 20 years to help them make their
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estimates. Interesting! ', although they all had the same data, they all came up with
‘ different estimates. We spent quite a bit of time discussing this.

But we had to do something with all of that data we were gathering, so we got
involved with the computer again. We decided that we wanted a program that allowed
us to type in the data from all of the rain gauges, and that would print out a map
showing this data. We also wanted the program to calculate the total amount of rain that
had fallen in the circle which is three kilometers in radius and centered on our school.
usually have a couple of students who are good at programming. Three of them worked
together to make a program that takes in the data, prints out a map, and calculates total
rain. The first year they did tkis they entered it in a science contest and won second
prize. I was really proud of them!

I went to a conference and found cat that there is a computer network of people
interested in acid rain. I got our school involved, and I told them about our leaf
measurements. We got tied in with several schools in other states and a couple outside
the United States. We had them gather data about the tree leaves in their area, and we
created a large database with all of that data.

I suppose that project is why I have been nominated to be a Teacher of the Year.
We have been working on it for ten years, and it has gotten quite = bit of publicity. I
even wrote an article on it, and it got published. Each year my students spend quite a bit
of time on this project. We plot multi-year year trends, and we think of ne'v ways to
analyze the data. Each year we also think of additional data to gatker.

I could go on about other projects, but you have the general idea. We make a !ot
of use of computers, and I spend a lot of time working with my students. They learn all
kinds of things that I don't know much about, since they all get good at looking up
stuff in the computer inforn.... . retrieval system. We learn togethzr, and 1 feel that is
what education is all about.

Sincerely yours,

Mrs. Sally Jones

Scenario 3: High chool
3 November 2000

Dear Diary:

I can't teil you how much fun I had today. And I thought it was going to be a
bummer!

Today was parent's day at my twins' school. Kay and Ken informed mc that if I
attended, they wouldn't have to go to school that day. What could I say? Fortunately,
they said I didn't have t¢ go to the physical education class. They said that I was too
ola for gymnastics.

So, off I went, quite prepared to suffer through the day. And, wouldn't you
know it, the first class was Second year Conversational Japanese. I have picked up a
couple ¢t words from the kids, but I am not sure what they meaan. They are always
jabbering to each other. so I guess they have learned a lot.

Well, in I went, and the teacher greeted me in rapid fire Japanese. I mumbled
something about Kay and Ken, and hurried to a back corner of the room.

The teacher noticed my discomfort and suggested that I might like to play with the
CAL videodisc lessons. The classroom has one MECS per student, eact ~quipped with

e a videodisc player and earphones. The teacher got me started w/ith lesson 1, and I'soon
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become engrossed. The pictures were amazing, but what was most amazing was the
voice input system. The computer system would pronounce a word and display its
voice pattern on the screen. Then I pronounced the word, trying to match the voice
pattern. The computer provided feedback on how well I was doing, and it even made
some suggestions on how to do better! The class period passed quickly, and socn it
was time to go on to the First Year Physics class. :

I thought I would be more comfortable in physics, since I had that course in high
school. But what a change! It was a lab day, and the students were doing an experiment
about acceleration. They had a little device that they said was like the auto focus
mechanism in a camera. It measured distance quickly enough so that it could give gocd
data on a moving object, such as a falling weight. It fed the data into a computer.

The students then used the computer to fit a curve to the data. They said they were
doing a "least squares" fit, and that this made use of calculus and solving linear systems
of equations. I asked them if they understood the calculus. They replied that they hadn't
studied calculus yet, but that it wasn't necessary to understand calculus in order to
understand fitting a function to some data.

By the end of the period, some of the students were beginning to write up their
lab report using the word processor on the computer. They explained that they were
using an integrated package, so that they could incorporate the experimental data, as
well as some graphs produced by the computer. One of the students showed me a
computer printout of the data and the function the computer had fit to the data. It looked
like a parabola to me.

Third period was Current World Problems. I was 2 couple of minutes late, since I
got lost in the hallways. By the time I got there a couple of the students were reporting
on their most recent electror.ic mail “conversations" with students in Russia. It turned
out that each student in the class has an "electronic mail pal” in another country. Part of
the required work in the course is to write monthly reports on the ideas discussed ..h
their electronic mail pals.

After a couple of brief reports, the teacher engaged the students in a discussion on
where in the world one might most expect to find quite a bit of terrorism. I guess this
was a long term project, since the students seemed to make frequent references to
discussions in previous days. It was interesting how they used computers in studying
this question.

The students had a computer database listing all countries in the world, with a
number of characterist .s of each country. For example, the database contained
information on population, fertility rate, area, average number of years of school.. 2,
per capita income, form of government, percentage of the population with various
religious beliefs, and so on.

Initially the teacher reviewed how one might find relationships between sets of
data. The teacher demonstrated use of the computer to graph pairs of data, such as p..
capita income versus fertility rate. The class made conjectures on what relationships vne
might expect to find (for example, low incon.e being associated with high fertility or
with low life expectancy) and the teacher helped them graphically explore these ideas.

Students were then assigned to work in groups of three, using the MECS in the
roor:. The assignment was to make at least five somewhat related conjectures, test them
using graphic techniques, and write a brief report on the findings. The students were to
share in developing the conjectures, but each was to write their own report interpreting
the results. I could see how this work tied in with making conjectures about factors
related to terrorism.

Fourth pericd was math, and I was really bushed by then. I don't see how the
kids can handle so many hard classes, back to back. I had been looking forward to the
math class, since I was a math major my first two years in college. That was before I
decided to be a business major and ‘o go into the insurance business.
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I noticed that there was a MECS at each student desk. As students came ".. they
immediately flip yed cn their computers and set to work. I asked the teacher what they
were doing. The teacher explained that the first ten minutes of each math period were
devoted to playing some simulation game or practicing some basic materials students
have studied in the past. This is part of a carefully designed, systematic review and
reinforcemznt schedule which helps improve long term retention of the math students
have studied. It also gives students feedback on areas where they need to do more
review or further study.

Today's game was a quite old piece of software called Super Factory (frora
Sunburst Communications). In it students get to see several views of a cube with
different pictures on some of the faces. Then they have to direct the computer in
creating a cube which looks just like the original. The teacher explained that playing the
game helps many students to improve their three dimensiona! visualization skills.

After ten minutes the teacher flipped the: power switch to the stadent computer
display screens, and turned on the power to the classroom computer display. The
teacher indicated that the lesson for the day was on use of mental skills and computer
graphics to solve equations with one unknown.

The teacher asked for some examples of equations that cuuldn't be easily solved
mentally. Various students provided suggestions, and the teacher typed them into the
computer so the equations were displayed on the screen. For example, the studeuts
suggested problems such as:

3x2-15x1/2 +6=0
4sin(x) - 2x3 + 5x -12.8 =0
2X.25x+3=0
x124.x1B8 4 x4 _9=0

For each equation, the teacher discussed how one might be able to mentally figure
out if there is a solution or more than one solution. For e .ample, on the fi~st equation
when x = 0 the function is positive. But when x = 1, the function is negatie. So, the
equation has at least one root between 0 and 1. [Editor’s Note: This assumes that the
function is continuous in the interval with end points 0 and 1.}

After an equation was discussed, the teacher had the computer graph it, and then
showed how to read off the places where it crossed the x-axis. The teacher also
suggested that a problem such as the second one might better be handled by graphing
the following two functions, and seeing where they intersect.

y = 4sin(x)
y =2x3-5x +12.8

The computer system had a "zoom" capability that allows the teacher to use a
mouse to point to a part of the graph, and to have that part be expanded. This can be
used to investigate a puir of equations in very fine detail, to see if and where they
intersect.

I am afraid that i got carried away, since I raised my hand and called upon. I
said, "All of thos. examples look t0o easy, and they certainly aren't the type of
problems I have to solve in my insurance busine~ ;. Why not try a real world problem?
For example, suppose that [ deposit $300 at the begiuning of cach year for five years,
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and I want to have $5,0C0 at the end of five years. What does the interest rate need to
be, if interest is compounded at the end of each year?

The teacher appeared delighted by the question, and said to the class: "Here is a
real world problem. How many of you think that you would be able to solve it by the
end of the period?" A couple of students thought they might be able to do so, but most
indicated they had never seen as problem remotely like that before. Upon further
prodding, mos: indicated that they knew about compound interest, but didn't know a
formula for this problem.

The teocher then uned to the chalk board and began to think out loud about the
problem. "Let's use x as the interest rate. If the interest rate were zero, I would only
end up with $4,000. That suggests that the problem makes sense. The interest rae
needs to be large enough so that all of the interest adds up to $1,000.

"Suppose I had the whole $4,000 at the beginning, but it was just invested for 2
1/2 years. An interest rate of 10% would give me more than $1,00C interest. My guess
is that the answer will be a little less than 10%."

“If T deposit $800 dollars at the beginning of the first year. I will have 800(1+x)
dollars at the end of the year. Those original dollars will become 800(1+x)(1+x) by the
end of the second year, and 800(1+x)3 dollars by the end of the third year. Meanwhile,
of course, I have the added amount of $800 deposited at the beginning of the second
year, and it begins to earn interest. Aha! I am beginning to detect a pattem I am now
sure that I can solve the problem."

The teacher then turned on the student computer display screens and indicated
which file contained equations to solve using computer graphics. The teacher assigned
my problem as exira credit.

Near the end of the period the teacher asked if anvone had been able to solve my
problem. Several students indicated they had, and their answers were fairly close
together. One student indicated, "I figured out the equation, and it had a bunch of
(1+x)s maised to different powers in it. I graphed it, 2nd read off an answer. Then it
occurred tc me that I could use the computer to simplify all of those powers of (1+x). I
used the symbol manipulation program to do it, and I got an ordinary fifth dzgree
polynomiai equation. ; had the computer graph it, and I got the same answer as before.
Then I used the polynomial solver, and the answer was about the same. I am confident
that it is right.”

Another student indicated that she had tried to lock up a formula, but hadn't been
able to find one. "I found information about this type of problem. It is called an annuity
problem. The computer gave an equation like you started to develop , but it used i
instead of x for the interest rate. And there was no formula for finding the answer. I
thought that our computer had a formula for just about everything. Did I look in the
wrong place?"

The teacher indicated tha there aren't any formulas for most problems. "Finding
or developing ar equation to solve, and having a computer to help do the work, is a
more general approach. That is why we are working on r=neral methods for solving
equatons, such as using computer graphics.”

Needless to say, I was impressed! We centainly didn't learn to do things lik .hat
when I was in school. As I started te tell what things were like in the "good old days,”
the bell rang. I played hooky for the rest of the day, since I had to meet a client for
lunch. But I'll remember this day for a long time.
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Recommendations and Closing Comments

The basic recommendation is that mathematics educators and researchers work to create a
MECS mathematics education envirorment for students. We have described a framework for
change, and it can serve as a basis for long-range planning. The following five important steps
need to be pursued concurrently and iteratively.

R1. Devzlop the hardware, software, and courseware of MECS and work to make the entire
system cheaply and readily available to students. Begin orienting students to their
responsibilities in a MECS leaning and work environment.

But note that most of the ideas that we wa.t to teach using MECS can be taught with the types
of computers, textbooks, and libraries currently available in most schools. We c2n begin now,
rather than waiting until MECS is available.

R2. Provide appropriate tr..ining to e .g and new teachers. This will require a massive
amount of inservice training a. .. as changes to our tearher training programs.
Increasing, the role of CAL wilk change the role of teachers—perhaps to more of a
mentor or facilitator role.

Most teacher training institudons have made some progress toward providing preservice
teachers with a hittle introduction to computess. But in most cases this instruction is not adequate to
prepare tea.2ers to ueal with the math curriculum of the year 2000 and beyond envisioned in this
paper. The computer needs to be integrated as an everyday tool into a large number of the college
classes taken by preservice teachers. Both primary and supplemental CAL netds to be available
and routinely used in a variety of these courses.

R3. Begin both the developm.ent and the concurrent research on curriculum appropriate to a
MECS environment. Be fully aware of the use of MECS as an interdisciplinary tool.
Math is important in many fields of study.

The process of rese .rch and ‘mplementation needs to occur concurrently if the overall task is to
be accomplished in a timzely fashion. A lot of research and curriculum development has already
been done on interdisciplinary aspects of mathematics.

R4. Begin modifying teacher-produced, district-wide, state-wide, and national assessment to
reflect and take advantage of a MECS environment.

In many ways, our national assessment instruments drive our mathematics education
curnculum. We should move rapidly toward a situation in which both calculators and computers
are made available to students during testing.

Perhaps the key idea is that one majcr goal is to prepare students to do mathematics in the
environment they will encounter after leaving school. This environment will include ready access
to calculators and computers. Thus, both instruction and iex.ing, should (for the most part) be done
in an environment of calculators and computers.

R5. Begin working to gain the support of all of the people who mus. be involved in the
changes needed to have mathematics education occur in a MECS »nvironment. This
includes students, parents, school board members, teachers, educational leaders,
legislators, textbook publishers, etc.

Research on change in education strongly supports the need for long-range planning that
involves all of the key stake holders.
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We close this paper with a number of comments related to the idea. presented earlier. Many are
points that require additional discussion and/or research.

C1.

C4.

Cs.

Cé

Computer facilities somewhat equivalent to MECS will increasingly become available to
people in business, industry, government, and research. We know qui:e a bit about
transfer of learning. We know that transfer of learuing is greatly helped if the learning
environment and the applications-of-learning ernvironment are quite similar. This provides
a strong argument for integrating the use of MECS into our mathematics education
curriculum.

- Students vary widely in their mathematical abilities. Mathematics education is designed

both to help students to work up to the levels of their mathematical abilities, and to sort
out those those with greater or lesser abilities. Those with greater abilities are encouraged
to seek mathematically-oriented careers, while those with lesser abilities are steered in
other directions. But the sorting out process is often flawed. For example, students with
poor ability to memorize computational and manipulative algorithms and to develop both
speed and accuracy in their applications may be discouraged by our current mathematcs
education system, but we know that many such individuals have great mathematical
ability. Education in a MECS environment might be of great help to people with low
innate computational skills.

. Except in a few physical science courses, most current non-mathematcs courses make

very little use of mathematics. That is a sad and sorry situation, since mathematics is
useful in every discipline. The MECS tool has the potential to change this situation.
Curriculum reform is needed in many disciplines.

For many people mathematics is a "game" to be played by certain rules. Thus, use of a
calculator 1s "cheating." It is evident that widespreac availability and use of MECS
changes the mathematics game. One can expect resistance to such changes. Quite a bit of
the resistance will likely come from those currently playing the game quite successful'",
including many math teachers. On the other hand, quite a bit of encourazement for the
change may come from people who app’y math on the job, such as scientists and
engineers. For them, math i ; less a game and niore an indispensable tool for solving the
problems they encounter on the job.

Our mathematics education system is used to tools such as the compass and protractor.
Such tools change very slowly, if at all, during a person's lifetime. Our mathematics
education system is not used to rapidly changing tools. Mathematics education, especially
at the precollege level, is built on content that may change little during a person's teaching
:areer, and on methodology that changes bu. little over several decades. Thus, our
mathematic's education system is basically conservative in nature. This suggests that it
will be quite difficult to move this system in 12 direction of the MECS enviro~ment

CHlor displays and motion graphics add new dimensious to the tools availabie to students
and teachers. We know little about appropriate uses of such tools. Research is needed.

Chagpier 1.5 Page 24




C7. We have made only brief comme:t on the teaching of computer programming and
computer science. These are topics hat are related to change in mathematics educasdon,
but are not at its core. Computer sci. ce is a discipline that is somewhat distinct from
mathematics. However. mathematics educators may decide that it is advantageous for all
mathematics students to learn to program. They might decide there should be a computer
programming strand ini the mathematics curriculum. That is a good topic for another

paper.

Computer science places considerable emphasis on the development and representation of
algorithms, on analysis of possible performance of algorithms, on programming algorithms, and
debugging programs. All of these ideas are quite mathematical in nature. Studies on factors
predicing success in computer programming courses invariably identify mathematical knowledge
and ability as key factors. That 1s, computer science and mathematics are closely related
disciplines. Many colleges have chosen to combine these disciplines in a single department.

C8. The ide .; proposed in this paper will require many decades to implement. But a
signific =t start can occur L. the next ten years. The microcomputers currently available in
school: re powerful enough to begin the change to a MECS mahematics education
environment.

C9. The proposed changes to the precollege mathematics curriculum will create a major
articulation problem with the college curriculum. It is essential that the precollege
curriculum revision effort be paralleled by a college mathematics curriculum revision
effort.

C10. MECS, and the .de. s discussed in this paper, couid revitalize mathematcs education. It

could bring new life and excitement to mathematics students, faculty, researchers and
writers.
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PART 2: EFFECTIVE INSERVICE PRACTICES

Chapter 2.1
Effective Staff Development for Teachers:
A Research-Based Model

Part 2 of this book is divided into three chapters. The first chapter contains all of the content of
the report:

Gall, Meredith D. and Renchler, Ronald S (1985). Effective Staff Develorment for
Teachers: A Research-Based Model. Published by the ERIC Clearin shouse on
Educational Management, College of Education, University of Oregon.

The Gall and Renchler report focuses on inservice to promote basic skills. However, it
provides an excellent summary of research-based effective inservice practices, and it provides 4
modc! for the study of effective inservice practices. Moreover, since there is relatively little
research literature specifically on inservice for computer integrated instruction, it seems appropriate
to Lavestigate the more general inservice literature, and then consider its implications for CII
inservice.

The second chapter di,cusses some of the literature on computer integrated instruction inservice
as well as some other literature that might apply to this type of inservice. This chapter contains all
of inc contents of Chapter Two of the doctorate dissertation:

Johnson, Vivian Patricia (1988). An Exploratory Case Study Describing the Long-
Term Residual Effect of the Computer Integrated Instruction (CI3) Project.
University of Oregon.

The third chapter lists a number of questions that are raised by CII inservice providers. Some
key ideas and vptions underlying each question are discussed.
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FOREWARD

At a time when teachers, administrators, and local and state policy-makers are taking concerted
steps to improve school effectiveness, the quality of staff development programs for teachers is a
logical concern. At a time also of limited funding for schools, those who design and implement
staif development programs want to make sure that the resources allocated to those programs
achieve the results intended.

What practices distinguish effective staff development programs for teachers from those shown
1o be less effective? When school districts design and implement staff development programs, do
they actually use practices that have been proved effective?

In 1982, a team of researchers from the Center for Educational Policy and Manag:ment at the
University of Gregon sought answers to these two questions. The team first examined tl.z research
Literature to identify effecuv< inservice practices. A practice was considered effective if it could be
shown to have at least one of three results: teachers incorporated the content learned from the staff
development program in their classroom instruction, teachers and administrators were satisfied
with the program, and students improved their achievement in the basic skills. In a second stage,
the team surveyed teachers and administrators to see whether actual inservice programs utilize these
research-validated practices.

The results were disquieting. Most of the staff development programs bore little resemblance to
the list of effective practices that emerged from the literarure review. For example, according to the
research, the most effective programs are designed for the purpose of school improvement. But in
actual practice, the survey showed that 67 percent of staff development activities are for teachers’
personal professional improvement. The activities also paid little attention to student achievement
as a desired outcome, pursued many goals instead of a few priority ones, and neglected direct
instruction strategies. All these characteristics are contrary to the recommendations emanatii.3 frum
research on cffective staff development programs.

A primiary mission of the ERIC Clearinghouse on Educational Management is the
dissemination of research findings in formats that facilitate their implementation in schools.
Accordingly, the Clearinghouse is pleased to publish this monograph on effective staff
development programs. The main portion of this monograph is a revised and updated version of
the literature review mentioned above. We thank the Center for Education Policy and Management
for giving us permission to use this material, originally published in The relationship Between
Inservice Education Practices and Effectiveness of Basic Skills Instruction, by Meredith D. Gall,
Fay B Haisley, Robert G. Baker, and Migue! Perez (197 pages, December 1982). Copies of this
report are still available from CEPM for $5.00 each, it is also available from EDRS (ED 228 743)
in paper copy ($16.15) and microfiche (30.97).

The research review has been brought up to date to include several studies made available since
the original report was published. Another change is the addition of case studies of exemplary
school district staff development programs.

Meredith D. Gall codirected CEPM's research project and wrote the original report. He is
professor of education in the division of Teacher Education, College of Education, University of
Oregon, and 1s research associate in the Center for Education Policy and Management. His areas of
specialization include instructional design, performance-based teacher training, and the effects of

N N

Chapter 2.1 Page 3




teaching. His most recent research involved an NIE-funded project that examined principals’
participation in teachers' staff development. '}

Ronald S. Renchler is a freelance analyst and writer who was employed by the Cleannghouse
to revise the literature review, in collaboration with Gall, and to write the case studies.

At the time of the project, Fay B. Haisley was associate dean for teacher education in the
College ~f Education, University of Oregon. As project codirector, she contributed to the design of
the research, recruited sites and personnel, and provided administr..'ive support. Haisley is
currently dean of the School of Education, University of the Pacific.

Robert G. Baker and Miguel Perez, at the time of the project, were doctoral students who
assisted in data collection and analysi., among other duties.

Stuart C. Smith
Director of Publications

£
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Introduction

One result of s ff development programs for teachers should be an improvement in the qualit,
of their classroom inscruction. But the path leading from the design and implementation of
inservice programs to improved teaching skills to better performance by students often seems to
wind through the wilderness. Unfortunately, few established signposts are available alcng the way
w0 provide guidance. It is understandable, therefore, when those involved with inservice programs
become lost while trying to . nd a clearly marked thoroughfare eading to school improvement.

Perhaps we need a map. Even though we might occasionally become lost, with a map we can
retrace our steps and find out where we took a wrong turn. We can begir our map-making by first
wlentifying the numerous elements that are involved in designing an effective inservice program.

No one yet pretends to have discovered all the elements that make staff develo yment programs
completely successful. We hope, however, that the map, or model, presented in tais Digest will
provide : dministrators and teachers with a set of essential elements and principles to consider in
using inservice programs for school improvement.

There are, of course, many purposes for staff development. Among them are professional and
personal development of teachers; specific teaching methods; special skills for teaching
handicapped and gifted students; curric!um implemen® ton, and basic skills programs. Because
much attention has been given recently to improving swdents' basic skills, the model presented
here 1s based on that purpose. It should be apparent, however, that wi.1 only minor alterations, the
dimensions and practices 1dentified as important for successf... basic skills inservice programs
should be applicable to virtuzally any type of inservice program.

Our model comprises 27 dimensions that we identified as important elements of effective
inservice programs. We used a review of the research literature on basic kills instruction at the
elementary school level to derive a set of generic dimensions for churacterizing inservice programs.
A summary of this literature review is given in Appendix A.

A second literature review focused on reports on the effectiveness of inservic. programs that
used practices corresponding to the dimensions in our model. From this revie w, we identified four
inservice experiments that led to an improvement in students’ basic skills achie: erient. These
expenments are referred to collectively throughout this report as “the four inservice experiments.”
Appendix B describes the four inservice experiments.

The 27 dimensions, the effective practices associated with each dimension, and the research
basis for validating their effectiven ss are described in Table 1. The first column of the table lists
the dimensions and the six categories under which they are organized. The second column lists an
effective inservice practice associated with each dimension. In a few cases, an effective practice
could not be identified. The third column identifies the type of research from which the effective
practice was derived. Programs can use the tah!s to compare their uwn inservice practices with the
given standards.

Y
1
Co)
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The chapters that follow provide a full description of each dim.nsion, a discussion of effecuve
practices associated with the dimension, and a brief review of the research that validates the
effectiveness of the relevant practices. Finally, the successful staff development programs of threc
school districts illustrate how theory is transferred into practice.

Table 1 Summary of Research
on Effective Inservice Practices
Dimension Effective Practice Basis
A. Teacher Objectives
1. Target Competencies  Teachers should use Basic skills
instructional methods  experiments
validated by research.
2. Operationalization Inservice program shouid have Implemesation
operationally stated objectives rescarch
for teacher behavior.
3. Complexity If the skills to be learned Implementation
are complex, introdi:ce research;
them into the teacher's inservice
repertoire gradually research
4.  Expected level of Teachers should be toid Basic skills
performance specifically how much to experiments;
use particular instructional implementation
behaviors. research
B. Student Objectives
5.  Target Objectives Inservice program should Basic skills
have as its ultimate goal experiments
improved student performance.
6.  Expected level of Teachers should be helped Basic skills
achievement to believe that students'’ experiments,
academic performance teacher
can be improved expectations
research
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C. Delivery System

1.

10.

11.

12.

D. Organization Context

13.

14.

15.

Readiness Activites

Instructional precess

Maintenance and

monitoring

Training Site

Trainers

Scheduling

Purpose for
narticipation

Inservice cohorts

Concurrent
organizational
changes

Hold meetings that deal
with teachers’ concerns
about the inservice program
and tha? build consensus

to participate in it.

Teachers should be given
manuals describing the
methods covered in the
inservice program; should
discuss the methods in group
meetings with a trainer; and
should receive observation and
feedback on their skill
performance.

Inse.vice program should
have followup component

10 maintain and monitor gains
made on initial training.

Inservice program should
use the teacher's own class-
room as a training site

at least part of the time.

The trainer should have
credibility in the eyes of
teachers.

Schedule inservice sessions
at times that do not interfere
with teachers' other obligations.

Inservice prograni should
focus on school improvement
rather tian on personal
professional development.

Inservice program should
provide activities that

allow teachers to work with
and learn from each other.

Principal should participate
in and support the teachers'
inservice activities.

by}
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Implementation
research

Basic skills
experiments;
inservice
research

Implementation
research

Basic skills
experiments;
inservice
research

Inservice
research

Inservice
research

Inservice
research

Survey
research

Implementation
research;
research on
principals’
behavior




16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

Other inservice
activities

E. Governance

Governance
structure

Teacher Partic-
ipation in
governance

Recruitment of
participants

Incentives

Sanctions

Costs

Policy

Needs assessment

Relevance to
participants

wleasurement of
teacher
competence

None identified

Nonc identified

Teachers should have the
opportunity to help plan
the inservice program.

Participation should be
mandatory in order to
bring about schoolwide
improvement.

Provide incentives like
rcleased time, expenses,
college or district credits,

approval by school principal.

None identified
None identified

F. Selection and Evaluation

Inservice program should
be selected because of its
demonstrated effectiveness
in improving students’
academic performance.

Inse vice program should be
targeted to areas of stadent
performance demonstrated to
be in need of improvement.

Content of the inservice
should be relevant to the
teacher’s classroom
situation.

Teachers' classroom perfor-
mance should be assessed to

determine their implementation

of inservice content.
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Inservice
research

Survey
research;
implementaton
research

Basic
skills
experiments

Survey




27. Measurement of Inservice program effective- Research
student objectives ness should be assessed by on achicve-
student performance on rel- ment testing
evant measures and in such a
way that teachers do not feet
threatened.

Notes

1. In most cases the effective practices listed are a direct statement of a finding from one or
more research studies. In a few cases the effective practice is a reasorable inference from
research findings.

2. The types of research listed in the third column are as follows:

Basic skills experiments. These are the four inservice experiments \see Appendix B) by
Anderson and others; Gage and others; Stallings; and Good and Grouws.

Implementation research. These are studies, mostly descriptive and rorrelational, in
which the criterion was how well a curriculum or instructiona: method was implemented in
a natural school setting.

Inservice research. These are experiments in which effects of different inservice practices
on teacher competence were assessed.

Survey research. These are descriptive studies of teacher pref. =nces and attitudes
concerning particular inservice practices.

Other research. Some studic. elating to teacher expectations, school principals, and
achievement tests are relev .nt to several of the inservice dimensions.

A Teacher Objectives

Inservice education is usually defined as a change in teacher ability brought about by new
learn::.g. Joyce and his colleagues (1976) defined inservice education as “formal and inform~l
provisions for the improvement of educators as people, educated persons, and professionals, as
v-ell as in terms of the competence 0 carry out their 2-signed roles” (P.6). Inservice education
attemp's to improve wach: capacity in three broad areas: Knowledge, attitudes, and skills. Thus,
we define inservice teacher education as efforts to improve teachers’ capacity to function as
effective professionals by having them learn new xnowledge, artit 1des, ¢~ skills. These outcomes
constitute the teacher objectives of an inservice activity.
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1 Target Competencies

Each of the four inservicz. experiments described in Appendix 8 emphasized teaching sklls
rather than knowledge and attitudes. These experizients sought ¢ \letennine whether specific
teaching behaviors can be linked to growth in students' basic skills schievement. It seerrs
desirable, whenever possible, to select iaservice programs whose content can be valivated in this
way, namely, by demonstrating the links between the teaching behaviors c.nphasized in the
program and the criterion of student performance.

Roehler and Duffy (1981) suggested that the teaching skills validated in the four inservice
experiments generally can be classified into two types: Monitoring behavior, in which teachers ask
pupils to perform a desired basic skill; and reactive-corrective beaavior, in which students receive
help when they fail to make a desired resporise. These two instructional strateg.es presumably are
effective because they ensure a high engagement rate of students in acad=mic tasks.

Two studies used an academic learning time (ALT) model as the teacher objectives of an
inservice program. In a study by Helms (described by Rouk, 1981) the five key instructicnal
variables were alloc.ted time, engagement rate, student engaged time, students' prior learning, and
instructional overlap, that is, the macch between instructional content and achievement te<t content.
The last two of Helms' instructional variables are of particular interest because they require a
change in teachers' curriculum content rather than in their instructional style. Hutchins' study
(described by Saily , 1981) also tested the effectiveness of an inservice workshop for increasing
ALT in schools.

Aithough evidence on teachers' ability and willingness to change their curriculum content is not
et available from Hzlms' and Hutchins' research, a study by Porier (1981) indicates that teachers
re quite willing to change their curriculum content in response to such external influcnices as
standardized tests, principals, other teachers, and parents.

The four inservice experimenis measured teachers' use of the instructionar skills that formed
the target competencies. We should stay open to the po.sibility that other chai.ges might result
from inservice programs. For example, an inservice program may affect teacher.’ self-concept or
beliefs about education, even through those effects were not part of ths formal ob,ectves of the
program These effects on teachers may be immediate (side-effects) or may show up months or
even years after training (long-term).

2 Operationalization

The research on curriculum implementation revizwe. by Fullan and Pomy.¢t (1977) and by
Hall 2nd Loucks (1980) indicates that the explicitness—or ability to be expressed in operatic.al
terms—of a curriculum or of inservice rontent has an effect on i.s implementation. {1all and
Loucks concluded that “research and experien.e Fave shown that unclear expectations are one: way
to guarantee nonimplementation. Teache. s apprec.ate clear objectives—they need tr ke what
they are expected to do and how their roles are to change” (p.16).
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It is difficult to imagine how a teacher can acquire new instructional skills unless the skiils are
clearly made operational or explicit. Thus one criterion of an effective inservice prugramiis likely to
be u.e extent to which its content is clearly operatdonalized. Unfortunately, Ogletree and Allen
(1974) found that a majority of their sample of elementary teachers believed that the objectives of
their inservice meetings were not clearly defined. A characteristic of the four inservice experiments
1s that the teaching skalls are stated at a relatively low inference level and are easily observable in a
model teacher's performance.

3 Complexity

The complexity of a new curriculum or inservice program ha. an effect on its implementation.
The compiexity of teacher objectives in an inservice activity is probably a function of several
factors, iacluding the number of skills to be learned, whether the skills already exist to some
degree in the teacher's repertoire, and the extent to whick the skills must ke adapted to classrcom
conditions. Hall and Loucks (1980) recommend that "when the innovaton is complex...major
components should be phased in one or a few at a time” {P.18). Gerstein, Carnine, and Williams
(1982) found that teachers in their sample needed to learn the skills of a complex direct instruction
moedel in phases—several skills in each phase—over a relatively long period of time.

These findings suggest tha. if complex teacher objectives are delivered to teachers in just a few
sessions, the inservice activity will have little effect on teachers’ instructional behavior, and
subsequently it will have little effect on students' academic achievement.

4 Expected Level of Performance

This dimension of teacher obj&_aqtivgs 1s related to dimension 2 (operationalization), which refers
to the explicitness of the teacher objectives. Expected level ot performance refers to the specificity
of criteria for determining whether the objectives have been met.

In skills-based inservice programs, teachers are expected to increase or decrease their use of
particular instructional behaviors. The direction, but not the degree, of change is specified in most
programs. An important feature of the four inservice experiments is that they suggest specific
level, of use for some instructional behaviors. For ..:stance, one of the recommendation in the
behaviors by Gage and colleagues is that "teachers sho.:ld avoid calling on volunteers more than 10
or 15 percent of the dme during question-and-answe: sessi..s” (1978, Appendix A, p.4) In their
study, Good and Gro ws (1979; recommend that the teacher spend the first twenty minutes of a
Monday math period conducting a review of skills and concents .ot ered during the previous week.

N
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B Student Objectives

Inservice activities have objectives at t levels. The immediate objective is to bring about an
increase in teacher competence. The long-range objective is to bring about improvements in student
performance as a result of the increase in teacher competence. In this section we discuss
dimensions related to these long-term objectives of inservice education.

We are aware that the connections hetween improved teacher competence and unproved student
performance are complex. Sometimes, the connections may be explicit and experimentally
validated, as in the case of the training programs used in the four inservice experiments. We
suspect, however, that in many inservice activities the conr  -ns between teacher objectives and
student performance gains are vague and unverified. Weic. ../76), among others, has commented
on the prevalence of loose coupling is that staff developers often design inservice activities without
communicating with other school educators wk 5 are responsible for monitoring and improving
student performance.

S Target Objectives

Educators are well aware that in recent years public criticism of the schools has focused on the
failure of many students to acquire basic skills in reading and math. A report by Schalock (1 77)
on the status of professional development in Oregon stated that there “is an increasing demand for
schools in Oregon, as there is throughout the nation, to provide better preparation in the basic skilis
of reading, writing, and computation” (P.1). We might expect then, that a high proportion of
inservice activities are concerned with basic skills objectives. However, the only study we could
locate with pertinent data indicated that just the opposite is true. In this study, Sullivan (1981)
found that only 10 percent of the New York City Schools inservice programs were related to
reading and math instruction.

Research on teacher preferences and values suggests that basic skills development would not
be a high inservice priority for teachers. Schurr and his colleagues (1980) discovered that teachers
prefer inservice topics that concern student motivation and attitudes. Research by Prowat and
Anderson (1981) indicated that elementary teachers censider their most important task to be
attending to students' affective needs: When teachers were asked about their priorities, they "made
twice as many statements about things they did to promote affective growth (for example, getung
students to interact positively or feel good about themselves) as compared to cognitive growth :
(P.1). Similarly, a study hy Harootunian and Yarger (1981) suggested that 1host teachers judgze D,
their success by the degree to which they involve their students affectively in instruction. These
results indicate that, when given a choice, teachers would opt for inservice objectives having an
affective theme rather than a basic skills emphasis. .

Target objectives for students are a very important dimension of inservice education. Caweln
(1981) observed that support for inservice education ultimately rests on its demonstrated
connection t0 "objective productivity criteria,” such as basic skills achievement. Critics of the
federally funded Teacher Centers claimed that such centers should not be supported because they
served the needs of teachers rather than the needs of students.
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Some inservice programs may seek (o train teachers with the expectation that change in teacher
competence will produce direct changes in stud=nt performance. There may be additional
expectations that these changes in student performance will lead to cther changes in students, either
concurrently or over a longer pariod. For example, some educators believe that if student self-
concept is improved (direct eftev.,, there will be subsequent .mprovement in student acade:nic
achievement (side effect). Another example is provided by inservice programs designed to help
teachers acquire skills for reducing student discipline problems in the classroom. It is cc _eivable
that reduction of student discipline problems (direct effect) will lead immediately to more
instructional time on task (side effect).

® Expected Level of Achievement

Brophy and Good (1974) provide ample research evidence that educators have expecta’ »ns
about students” achievement potential. We know little, however, about the relationship between
educator expectations for student achievement and educator support for inservice programs as a
response to these «:pectations. It may be that decline in test scores over time within a school
district is a more effective tigger for initiating a b...ic skills program than is the perception that
students are perforining below expectations.

In fact, there is some reason to believe that educators adjust expectations to match the realities
of student achievement. For instance, in 1976 the California legislature enacted minimal
competency requi.ements for high school graduation but allow ed each district to make up its own
test and set its own standards. Savage /1982) reported that “fewer than one percent of high school
students were den‘ed a diploma...because of the test” (P.251).

C Delivery System

The delivery system of staff development pro, rams refers to the process used to achieve
teacher-level objectives, that is, gains in teachers” knowledge, skills, and atutudes. Tradinonal
delivery systems include presentations by experts Juring a school district's inservice days;
university coursework, which typically is in a lecture/demonstration/discussion fc.mat, and hands
on workshops. Another characteristic of traditional :aservice delivery systems is *hat they usually
are brief, "one-shot" experiences.

Now, however, educators are increasingly advocating mulastage, iongterm delivery systems
that include both training and implementaton strategies. The model devzloped by Pankratz and
Martray (198 1) propeses an eight-stage inservice/school improvement program that includes
awareness building, skill training, implementation assistance, and monitoring and maintenance. In
this section we review evidence that supports the effectiveness of these components in an inservice
delisery system.
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7 Readiness Activities

We use the term readiness activities :0 refer to the inservice experiences provided to teachers
anc administrators prior to the skill-training phase of a delivery system. Loucks and Pratt (1979 )
find evidence in their review of researcui Luggesting that readiness activities have an important
effect on how well inservice iraining is implemented.

The literature on inservice education suggests several activides that should be inciuded in the
readiness phase. For example, Pankratz and Martray (1981) identify the following activities as
being helpful: developing an awareness of need among formal and informal school leaders,
obtaining these leaders' agreement on a delivery system, and using exploratory workshops to
provide information and to develop consensus.

Miller (1981) argues that teacher acceptance of personal responsibility for student achievement
is an important component of an effective school improvement program. This claim is supported
by Berman and McLaughlin (1978) who found that teachers' beliefs about whether they could help
students were correlated with the degree of new program implementation. Readiness activities
might be conducted to help teachers raise their expectations of students and to improve teacher
attitudes toward their own instructional efficacy.

\
|
The concerns-based approach to curriculum change developed by Loucks and Pratt (1979) also |

suggests several readiness activities that might be incorporated .utw an inservice delivery system. i
Their research indicated that teachers have three types of concerns prior to becoming involved in
inservice training and curriculum implementation: absence of concern, concern to know more about
the program, and conicern about how its use will affect them. Loucks and Pratt describe a
preinservice session that they developed to help teachers deal with the first two concerns in a
particular curriculum implementation project.

%

S  lnstructional Process

Tnstructional process refers to the methods used by inservice staff to train teachers in
knowledge and skills or to modify their attitudes. Appendix B summarizes the insguctional
processes used 1n the fur inservice experiments.

In owr examination of commonalities in the four inservice experiments, we found that each of
the inservice programs involved at least two meetings. (The "minimal” group in Gage's study did
not attend any meetings, resulting in lower end-of-year achievement scores relative to the
“maximal” gioup.) Another common feature across the studies was the use of brief manuals 1o
describe the desired behaviors.

Teacher behavior was observed and critiqued in two of the four inservice experiments.
Teachers in Stalling's experiment were observed in their classrooms and given both a qualitative
and a qu- 1titative summary of tae results. Gage's "maximal” group of teachers was observed 1n
role-playing exercises during meetinge Teacher behavior was observed in one of Anc..rson's
trained groups, but the sur..maries of observations were not shared with the teachers. The ongu.ng
research of He'ms and of Hutchins includes evaluation of observation and feedback cumponents ot
inservice program:- Tie Lawrence and Harrison (1980) meta-analysis revealed that successfui
inservice program: tend io includs a sequence in which participants try out new behaviors 1n their
classroouns or in simulations and then receive feedback from a skilled person.
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Overall, research suggests that teacher p ‘oductivity in basic » alls instruction can be increased
by using a rclatively simple instructional process. It should be noied, though, that none of e four
inservice experiments extended over a period of more than a single school year. Also, the
programs were not successful for all teachers. Instructional processes not used in the four
experiments may produce more sustained effects, and effects for more teachers, than those used in
the four inservice experimuats. For example, the coaching procedure described by Joyce and
Showers (1982) may significantly enhance the effectiveness of training manuals and meetings by
promoting transfer of the instructional principles to the teacher trainee’s particular classroom
situaticn. We could iocate no data, however, on how frequently coaching and related processe
occur in practice.

9 Maintenance and Monitoring

Maintenance refers tc the use of followup measures to help teachers preserve cr increase gains
made in initial training. Monitoring refers to the use of procedures for makirg cont nued
observation of teachers' adherence to desired instructional strategies or of student pertormance.

Changes in teacher behavior as a result of training tend to revert to baseline levels over a certain
period. Johnson and Sloat (1980) found reversions to baseline rate twelve months after completion
of training. It appears, then, that monitoring and maintenance procedures are desirable if teacher
productivity gains are to be preserved over a number of school years.

An important element of *he four inservice experiments 1s that the project staffs maintained
contact with the teachers over a duration of months by spacing training sessions and by collecting
Jassroom Jata on the teacher behavior and test data on student achievement. The continued
observatons are like a monitoring process and thus may have cued teachers to reinstate desired
inst-uctional behaviors.

In Gage's experiment, a mainitnance intervention was used several months after the inital five
week training period. Both the maxinial and the minimal grovp received a refresher training
marual. In additon, the teachers in the maxir:al group were videotaped and given feedback on
their implementation of instructional principles.

One of the conclusions Fullan and Pomfre: «:977) reached in ineir review of research was that
“intensive inservice training /as distinct from single workshops or preservice training) is an
important strategy for impler don" (p.373). Chis particular conclusion was based p.imarily on
the Rand studies of sducation  :ange cor.ducted by Berman and McLaughlin (1978). It seems
rea,unable that "one-shot” inse ¢ education will have less effect on teacher productiity than
continuous inservice education wiat includes monitoring and main:enance procedures.

Maintenance and monitoring acuvities do not appear to be fea.ures of current inservice practice.
In the survey conducted by Betz and colleagues (1978), less than 20 percent of the teachers
reported that their inservice meetings included followup activities. In an earlier survey, Ogictree
and Alen (1974) found that a majority of urtan teachers reported no followup or evaluation of
their inservice meetings.

>

v
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1Q Training Site

We could locate no empirical data conceming teacher preference for training sites. The
teachers' own <lassrooms were used as "training” sites in the four inservice experimen’s in that the
teachers’ behavior was observed in their ciassrooms to assess ‘mplementation of the desired
instructional beha.iors. In Stallings' srudy, these observational data were also used as per-onal
feedback w0 the participating tcachers.

In their meta-analysis, Lawrence and Harrison (1980) found that inscrvice programs tended to
be more effective when conducted at the school site, but this generalization applies only to
inservice programs that emphasized affective or skill performance objectives.

11 Trainers

Each of the four inservice experiments required one or more inservice trainers. Their roles
senerally did not require close, sustained involvement with the teachers. It is not known whether
individual differences between inservice trainers would influence the effectiveness of the inservice
programs used in these experiments.

Teac’ , curveyed by Betz and colleagues (1978) reported that they learned the most from
cther teachers. However, their ratings of college and university personnei and professicnal
consultants were nearly as high. McDonald (1980) reviewed a series of British experiments on
teaciws induction programs and concluded that the most successful ones were those that made
available to the beginning teacher an experienced teacher who could serve as a monitor, model, and
counselor. McDonald questioned whether it was necessary for an ¢xperienced teacher to perform
these roles, or whethcr others, such as a principal or university supervisor, could perform them.

12 Scheduling

We see at least three issues related to the scheduling of inservice acdvi:” . time of day or week
for holding an inservice session, spacing of inservice sessions, and the tinkc ame over which a
particular inservice program is implemented.

:snect to the first issue, Betz and colleagues (1978) fou.d that the teachers in their
sample generally preferred inservice education to be scheduled during school hours. In practice
though, over half of the san.pie reported attending some inservice activities before and after school
and a fourth of the sample reported atiending weekend inservice activities. The training sessions in
the four inservice experiments were held at various times during the day or week, except for the
collection of classroom observation data and student achievement tests.

9

The results of the Harrison and Lawrence (19%0) meta-analysis do not support the teacher
prefere~~es cxpressed in Betz's survey. Lawrence and . lardison found that effective inservice
program:s tended to be scheduled during the evenings and summers, when tie activities did not
compete with other professional duties of teachers. Inservice programs scheduled during wor
hours were considerably less successful in achieving objectives.
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Sessions of a typical inservice program can be held together- for example, an intensive
weekend workshop—or they can be spaced ov.r a longer period. We could locate no ressarch on
teacher prefersnces for massed or spaced scssions. A possible advantage of spacing inservice
sess10ns 1s that 1t would® provide sustained contact between teachers and trainers, allow for spaced
pracuce of new skills, and allow more time for teacher conczrm.s to surface and be addressed.

The third scheduling issue is the time frame over which a particular inservice program is to be
implemented. Loucks and Pratt (1979) emphasized .1e need for 4 substantial time frame: "Research
indicates that three to five years are necessary to implement an innovation that is significantly
different from current practice” (p.213). Fullan and Pomfret {1977) also concluded that
implementation of innovations, with concurrent inservice support, requires a long-term
perspective.

The .me frame used in three of the four inservice experiments % ..> one school year. The
expenment conducted ay Good and Grouws extended over a four-month period. The discrepancy
between the time fran.e 1n these experiments and those time frames recommended by curriculum
implementatior. researchers may reflect differences of purpose. The primary purpose of the four
experimerts was to demonstrate the effects of inservice training on student achievement. In
contrast, curriculum implementation is concerned with the institutionalization of an innevation as
part of a school improvement effort. This purpose may well require a longer period of tuue to
accommodate readiness activities, train all staff, and monitor and maintain training effects.

D Organizationai: Context

inservice educanon is tundamentally 2 iearning experience that occurs for individual teachers. It
1s also the case that teachers are members of school organizations. Characteristics of these
organizatio. s may well influence the delivery of inservice education programs to teachers. The
same charccteristics may also influence the effects of the programs on teachers and their students.
In this seciion we consider three characteristics of school organizations that are likely to influence
inservice program effectiveness.

13 Purpose for Participation

This dimension was suggested by the discussion in Joyce and colleagues (1976) of the "model
system” in inservice educaton. The model system refers to the organizational context in which
mservice edu:ation occurs. Joyce and his colleagues identify five such contexts. the job-embedded
mode (school commuttee work), the job-related mode (schocl district workshups outside of re gular
school hours), the credential-oriented mode (university certification courses), the mode of
professional orgamzation-related work (NEA workshops), and the self-directed mode (sabbatical
leaves).

We prefer to think of these modes as representing different purposc., fo. inservice education.
Therefore, we distinguish four such purposes: first, inservice for perscnal professional
development, which corresponds to the self-directed mode and perhaps to the pro” usional
orgamzaton mode, second, inservice for credentialling, which corresponds to the credential

Chapter 2.1 Page 17

a

H l.)




oriented mode; third, inservice for the purpose of being inducted into the profession; and fourth,
inservice for school improvement, which corresponds to the job-embedded and job-related modes.

The first three purposes relate to the development of the individual teacher. Inservice for school
improvement, though, gives priority to the school organization. The teachers' personal needs may
be taken into account, but their role as members of the school organization is critical to this formn of
inservice education. Campbell (1981) developed \wo separate models of inservice _ducation
education based on this distinction between the needs o, the school systety and the nee-is of the
teacher. Miller and Wolf (1979) developed a cyclical staff development/school change model that
reflects thess two purposes of teacher education.

The four inservice exneriments all focused on wie indi vidual teacher in the classroom. Teachers
volunteered for the inservice programs; they were not recruited because they were members of 1
particular schr )l staff. Also, the building principals and district curriculum specialists were not
directly involved in the program, . they might have been if the progi... had beer: conducted tor
the purpose of school improven-snt.

Hutchins' ongoing study, duscribed by Saily (1981), is testing basic skills programs for the
purpose of school improvement. The program covers content similar to that covered in th four
inservice experiments, but there are several important contextual differences. The most critical
difference is in who receives the training: "The workshop series is gewcrally conducted for a sch-ol
district or group of schools within a district. Each participating school sends to the workshop a
team of the principal and two or three teachers; a central office staff meniber is also involved"
(p-11). The workshops also cover training standardized achievement testing to help educators
increase the content validity of tests administered in their districts.

The Lawrence and Harrison (1980) meta-analysis indicated that we more effective inservice
programs were designed as a collective effort of a school staff. Also, the more effective programs
had shared goals rather than individual teacher ~cals. These resr-lts suggest that inservice for
school improvement is generally more effective than inservice for personal professional
development.

14 Inservice Cohosts

The available research on this dimension indicates that teachers have a strong preference for
working with other teachers in their inservice activities rather than working by themselves.
Lawrence and his colleagues (1974) concluded from their research review that inservice activities
produced more positive effects on teachers when they providea mutual assistance in: an inservice
program than when they worked alone. Holly (1982) found in her survey of 110 teachers (hat they
most preferred inservice activities that allowed them to work with other teachers: "Teachers
described their colleagues as valuable ;ources of practical ideas and information, helpfui advisors
on professional problems, the most usefil evaluators of teaching skills, and understanding allies”
(p-418). Similarly, Ngz'yaye and Hanley (1978) surveyed 228 teachers and found that the teachers
preferred inservice meetings organized for colleagues with similar teaching responsibilities.

We consider it worthwhile to distinguish ar least three aspects of teacher grouping for an
inservice activity: individually bases versus group-based instruction, homo rencous versus
heterogeneous grouping with respect to teaching responsibilities, and same-school versus
different-school grouping. However, we could locate no evidence as to the relative effectiveness ot
variations in these groupings.
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The four inservice expuriments used a combination of individually based instruction (study of
muiiuals) and group-based instruction(inservice meeting.). Also, the four experiments included
teachers at the same grade level. This feature of inservice group composition may be particularly
relevant because it helps to increase the pertinence of the inservice activity to each teacher's
classroom situation.

135 Concurrent Organizational Changes

As indicated above, one major purpose Jf inservice education is to bring about school
improvement. If .- inservice activity is used for this purpose, it would be informative to learn
whether the activity is supported by other changes in the jchool system of whicu the teacher is
membe-.

The building principal is probably the most infiuential syinbol of school organizatior. for
teachers. Loucks and Pratt (1979 concluded from their research that “what he principal does is
critical to the success of an implementation effort” (p.215). These critical role behaviors of the
principal are commonly referred to as "instructional leadership."

Leithwood and Montg omery (1982) reviewed the research on the role of the principal in school
improvement and found that the more effective principals we.e more likely to participate in
teachers' inservice activ -ies. Participation included attending all or at least the early inservice
sessions for teachers.

Another type of organizational change relevant to inservice education is curriculum change.
Inservice education is sometimes used to support implementation of a new curriculum. In turn, the
aew curriculum may include features that facilitate the teacher and student objectives of the
nservice program. Examples of such features inciude teacher manuals that conta.n lesson pl.ns
based on direct instruction prirciples, curriculum-referencec tests, and learning activities that
ensure high student success rate. We could locate no research on whether inservice is more or less
effective when it accoinpanies curriculum revision.

16 Other Inservice Activities

The effects of a particular inservice program are possibly dependent on other inservice
programs that the teacher experiences either concurrently or at some point in ime. These other
programs may reinforce and build upon the objectives of a particular program by diffusing the
teacher's attention across disconnec'ed priority goals.

Research on how teachers’ inservice experiences articulate with each other across a specified
per-od is scarce. A few studies have addressed the related question of the quantity of inse; ..e that
teachers receive. Arends (1983) studied beginning high school teachers over a three-year period.
His sample participated in a nican number of 10.5 inservice activities during the interval, for an
average of 3.5 activities per year. The mean total number of inservice hours was 291 or 97 hours
per year. In contrast, Schalock (1977) surveyed 450 teachers and found that they engaged in a
mean number of 1.5 activities in the course of a year.
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Two differences in the methods used by Arends and Schalock may explain their disparate
estimates of inservice quantity. Arends used interviews and studied only beginning teachers. @

Schalock used questionnaires and studied teachers with a much wider range of weaching
experience.

An interesting finding in Arends' study was a correlation of .67 between (2) the principal’s
rating of a teacher's competence at the end of the teaciier's first inservice year a.d (b) the teacher's
total number of inservice hours over the three-year period. This i.nding may mean that participatio::
in many inservice activities leads to improved teacher effectiveness, but an equally plausible
interpretativn is that a teacher’s high involvement in inservice activities is seen by the principal as a
sign of competence.

E Governance

Governance involves a umber of policy and management decisions that may influence the
effects of inservice education on teachers and their students. Governance issues have been at the
forefront of dialogue on inservice education in recent years. For example, the federally funded
Teacher Centers were established on the premise that inservice education would be more effecuve
if teachers controlled its design and governance. P *ow, we review the available research
concerning various dimensions of inservicé govetnance. The four inservice experiments are not
informative about these dimensions because the decision to institute the experimental programs
p- marily reflected the researchers' initiatives rather than school system initiatives.

17 Governance Structure

This dimension is meant to represent the individual or group having responsibility for molmg
key inservice policy decisions concerning the selection of inservice objectives »nd activites, _
incentives and sanctions, and the allocation of resources. Some school districts have goveming
boards to make these decisions. In other settings these decisions may be left to the building or
- district staff development specialist.

Inservice programs may be associated w'th several levels of governarce. In some cases, an
office of a state department of education may make the de¢ision to mandate a certain type ot
training at the district level. In turn, a governance board at the school district level may assume the
responsibility for the way this training will be designed and offered to district teachers. We could
identify no research on whether variations in governar. e ,tructures have an influence on the
effectiveness programs.

18 Teacher Participation in Governance

As might be expected, surv~vs (Betz and others 1978, Holly 1982, Schurr and others 1930)
typically find that teachers de- . input into the pianning of inservice programs. Inservice leaders
such as Gehrke and Parker (1981)and Johnson and Yeakey (1977) also advocate collaborauve
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plann.., among teachers and administrators to ens. * successful implementation cf an inser.ice
program. Three prominent educators, Ryor, Shanker, and Sandefur (1979), concluded that
“inservice programs imposed from the top down a Joomed to failure” (p.15). The Lawrence and
Harrison (1980) meta-analysis revealed that inservice programs in which teachers chose at least
some of the goals anda.  des were more effective than entirely preplanned programs for
increasing teacher compe wnce.

19 Recruitment of Participants

Participation in an inservice activity can be voluntary or required. There prob- bly are degrees
of participation between these two extremes. For instance, administrators may stop short of

requiring participation but may use strong incentives or sanctions to ¢nsure high participation rates.

The cridcal element, then, is probably not whether the inservice activity is voluntary or mandator,
but whether teachers feel coerced into partcipating. Even if a particular activity is required,
teachers may not react negatively if they wish to participate.

The four inservice experiments involved volunteer samples of teachers. Voluntary participation
seems reasonable if the purpese of the activity is to conduct a researcher-controlled experiment, as
in the case of the four experiments, or to encourage the professional development of individual
teachers. When the inservice education is used for the purpose of school improvement, however,
mandatory participation may be more effective. School improvement may require the staff to make
individual preferences and needs secondary to school goals.

We could lecate no research data about the extert to which current inservice activities are
voluntary or required.

One related finding ‘2 the Lawrence and Harrison (1980) meta-analysis was that mahdatory
versus voluntary paztcipation of teachers did not predict inservice program effectiveness.

20 Incentives

A reasonable hypothesis is that incentives influence teachers’ willingness to participate in as
inservice ctivity and their satisfaction with the experience. We could nou iocate empirical tests of
this hypothesis, however. Some descriptive data about inservice incentives were collected in the
survey of teachers carried out by Betz and colleagues (1978). Teachers reported that “the most
common and also the most preferred types of compensation included released time, expenses,
credit for certificate level, and college credit” (p.492). The Rand studies by Berman and
McLaughlin (1978) revealed that teachers we- unlikely © continue implementing a new
curriculum or method without approval of the principal. The reports of the four inservice
experiments do not specify what ty pes of lucentives , if any, were given to partic.pating teachers

21 Sanctions

In the discussion of participant recruitment (dimension 19), reference was made to tae possible
use of coercion to secure teacher participation in an inservice activity. 7 < dimension of sanctions
refers to .he use of threats to secure teachers’ agreement to participate in an act.vity, or to punish
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them for nonparticipation. An example of such a tactic is to require remedial supervision as a
condition of continued en:ployment. Another example is the nonrenewal of a teachers’ cernficate if
a minimum number of crecits are not earned within a given time limit. o research about the use of
sanctions in staff development programs could be located.

22 Costs

There is surprisingly little ir formation in the literature about the costs of particular inservice
programs. A survey of Oregon School districts several years ago (Schalock 1977) found that
typically 3 to 5 percent of distr ct budgets was allocated to inservice education. It is not known
how much teachers pay on the.xr own for inservice programs and whether such expenses affect
how much teachers benefit frym the programs.

K Selection and Evaluation

The evaluation of inservice program is not a well-developed field. Lawrence and Harrison °
(1980) began their meta-analysis of the inservice literature with a review of approximately 6,000
abstracts and references. Only 150 of these documents reported quantitative data, and only 59
percent of those contained sufficient data for inclusion in the meta-analysis. This suggests that
systematic evaluation of inservice program is the exception rather than the rule. One of the few
efforts to conceptualize the parameters and purposes cf inservice evaluation was made by Gall and
others (1976). Gall and his colleagues sought to conceptualize the levels of impact that might res
from an inservice program. Four such levels were proposed:

Levell  Implementing the inservice program is conducted. A possible indicator of Level I
impact is the number of teachers who choose to participate in the program and the
number of teachers who complete it.

Level I Teacher improvement. This type of impact refers to the effects of the program on
teacher competence.

Level Il Change in student performance. many inservice progiams have the goal of
changing teacher behavior (Level II).

Level IV Changes in the environment. Levels II and III of program impact might spread to
other contexts. For instance, teachers who learn about a new instriictional echmque
in an inservice program might informally teach it to their colleagues.

Each of these levels of impact can be the object of ev..ation. We have included Levels II and
11T as the dimensions 26 and 27, respectively, because they are the most direct outcomes of
inservice programs. Dimensions 23,24, and 25 relate to the guality of the process by which a
program is selected or developed for presentation to seachers. .
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23 Policy

This dimension refers to ihe rationale and evidence that decision-makers use to justify the use
of nservice activines to achieve educational goals. Inservice education is just one oPtion that can be
used to implement policy. For example, if the goal is to improve students’ basic skills
achicvement, administrators might consider these other options: reducing class size, hiring more
teacher aides, or issuing directives to teachers to spend more time on basic skills instruction.
L:service education must compete with these options in the policy-making process.

A decision-maker's rationale for selecting the type of inservice activities used in the four
mn: vice experiments probably would be that such activities are of demonstrated effectiveness in
improving student achievement. There is evidence, though, that decision-makers may not be
receptive to such research data on inservice effectiveness. Schalock {1977) found widespread
concern among Oregon educators about the effectiveness of inservice programs as a method of
improving educational practice. The problem is compounded by the fact that in some settings the
work of staff development specialists is only loosely coupled to policy-making of school
administrators. Vacca and others (1981) found that "no one identifying primarily with staff
development claimed to experience intimate involvement in the decision-making process. Staff
developers perceive themselves as middle managers with limited access and litle power" (p.51)

The most noteworthy feature of the four inservice experiments in this area is that teacher
objecuves are derived directly from correlational research linking teachers' instructional behaviors
10 student gains 1n basic skills achievement. This "1ational” approach mzv be the exception rather
than the rule. In their study of curriculum implementation, Berman and McLaughlin (1978) found
that few school districts in their sample conducted a rational search for better ways to educate
studenis. Edwards (1981), too, criticized staff development programs for being "a cunglomeration
of activities determined by decision making criteria such as cost or availability or strong
advertising" (p.2).

24 Needs Assessment

The traimng programs in the four inservice experiments were not selected as a iesult of formal |
needs assessment process. The purpose of these experiments was to validate thzough controlled
conditions the effectiveness of particular training programs rather than to respond to identified
needs of school districts. In practice, though, s.hool districts may initiate inservice programs for
reasons other than demonstrated effectiveness.

The literature suggests that a formal needs assessment is the recommended process for
1dentifying inservice objectives. Naumarn-Etienne and Todd (1976) and Powe'l (1980) hove
descnbed models for developing a comprehensive inservice program for a school sysicm. Both
models rely heavily on such neerds assessment techniques as site visitations to diagnose system
needs, surveys of teacher concerns, and surveys of teacher priorities. Nelscn (1981) reported that
the Montgomery County School District in Maryland initiated an inservice program to support ar
instructional renewal of training needs for the district's teachers.
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wdentify inservice objectives. It may be that inservice ot jectives and activities are selected by a
mch more informal, opportunistic process. A particular administrztor may initiate an inservice
program because of its merits, because he or she heard about its success in another district, or
because the schoo' board identified a problem for which a» inservice activity seemed an appropnate
solution.

We were unable to identify any research on the prevalence of formal needs assessment to e

23S Relevance to Participants

Researchers have found that teachers generally ~valuate the effectiveness of an inservice
program by how relevant its content is to their particular classroom situation. Holly (1982)
interviewed 100 K-12 teachers and concluded hat “the singie most important factor determining
the value teachers placed on an inservice education activity was its personal relevance” (p.418).
Similarly, Vacca and her colleagues (1981) found that teachers' major criterion in rating the
effectiveness of staff development personnel was the relevancy of their message. Tcachers
preferred staff development specialists who gave them "ideas, strategies. and materials th.at relate
dizectly to their own classrooms" (p.51). It is disappointing, then, that the elementary teachers
surveyed by Ogletree and Allen (197 4) felt that their inservice meetings generally were irrelevant 1o
their professional work.

Joyce and others (1976) reported that the teachers interviewed in the ISTE Concepts Project
“were much less specific and clear about substance and process than any other aspect of the
structure of ISTE" (p 22). The investigators concluded that "the interviews, position papers, and
literat I reveal an agreeraent that much of ISTE contains substance which is irrelevant to the
needs .  lassroom teachers” (p.23).

The training provided in the four inservice experiments was probably implemented in part l
because it was quite relevant to he classroom situations of the participating teachers. The
instructional principles were derived from previous correlational research based on observations ot
tzachers sirlar to those who participated in the experiments. In fact, in Stalling's experiment some
of the teachers had also participated in the correlational stugy. Thus, the instructional principles
were directly relevaai to the teachers' classroom situations. The teaching behaviors reflected 1n the
principles were already present to some degree in most teachers’ repertoires. Inservice training
consisted primarily of having teachers do either more or less of what they already were doing 1n
their classrooms and of sequencing their activities appropriately.

The training in the four experiments was also relevant in that all the participating teachers in a

particular experiment were at the same grade lcvel. Thus, a question or problem raised by a teacher
at a training meeting provably would be relevant to the other teachers as well.

2% Measurement of Teacher Competence

A major justification for ir.ervice programs is tha: they produce desirable changes 1n teacher
cempetence. Our review of the Literature revealsd that this claim is rarely tested. Evaluanon
involving objective measurement of teacher competence is seldom included as a component of
inservice programs for ‘eachers. Measurement procedures can rarge from admini. ering
questionnaires and surveys to observing teachers’ classroom bel vior.
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The four inservice experiments a!! involved direct observation of the teachers’ classroom
behavior before and after the inservice raining process. The observation focused on the teachers’
use of instructional *<haviors that researchers had found to correlate with student achievement
gains. The purpose of collecting the observational data was to determine whether the experimental
inservice program was more effective than a no-treining condition.

Measurement of gains :n teacher competence requires resource expenditures by the agency
sponsoring the inservice program. We could identify no research on whether nolicy-makers find
uality in measurement data on teacher competence, nor could we locate any studies on the relative
benefits of collecang teacher competernce data and student achievement data for evaluating inservice
projects.

27 Measurement of Student Objectives

The technology 10 measure most student objectives of inservice programs is avaiiable to
educators. Whether administrators choose to measure the objectives, and for what purpose, are
matters of policy. In the four inservice experiments, the student objectives were basic skills gained
in reading and math. These skills were measured in each study by stanc ardized achievement tests.
The test data were used to assess the effects of the inservice programs that comprised the
experimental treatments in these studies. Reinstein (1976) noted other useful purposes that could
be served by such achievement tests: they can help to determine allocations of .. rces to alleviate
weakness in instructional programs and to assess whether students are acquiring minimum
competencies as they progress through school.

Although standardized achievement tests are usefui in certain circumstances, they are also
problematic. Saily (1981) referred to a recent study at the Institute for Research on Teaching at
Michigan State University. This study indicated that 30 to 40 percent of the items in standardized
tests are not covered by commercial textbooks at the same grade level. Because teachers rely

.cavily on these textbooks to determine their classroem instructional content, there is probably a
weak match between what teachers teach and what standardized tests measure. Thus, the test
resuiis may have low validity for measuring the objectives of some inservice programs. If teachers
atempt to “teach to the test,” they may need to deviate substantially from their textbooks and
devote extra effort to improving the match between their instructional content and the test content.
This extra effort may arouse resentment in teachers anJd resistance to school system efforts to
promote basic skills achievement.

Another puwntial problem of standardize  tests is that they may be used to evaluate teachers
and to make them the prime targets of accountability for student progress. Edwards (1981)
reported that “apprehensiveness of teachers about the process of evaluation, their distrust of the
accountability movement, and their fearfulness of becoming scapegoats for the failure of
innovations” (p. 1) is widespread.

v
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Case Studies

Educational administrators and teachers aiike are well aware of the difiiculties involved in
ransferring theory into practice, but generally they recognize the essential relatdonship between e
two. Most educators who achieve success in their efforts to improve the quality of their schouis Jo
s0 because they possess among their talents the ability to think carefully about poteniial difficulaes,
plan for them, and eliminate the problems before they occur. This is the central role that theory can
play for educators. It can give them the tools and ideas necessary for constructing rational, well-
developed procedures, and it can assist them in implementing their plans effectively.

Schools and sch sol districts, because they are made up of individuals, take on the characteristic
of those individuals. Thus, each one 1s unique. Yet, paradoxically, each can also be representative
of others. The school distric: staff development programs descmibed below are meant to
demonstrate both roles. These programs mught be representative because they are ‘arge, medium,
or small in size. Also, each of them. like most school districts across the nation, have suffered
from budget constraints yet is achieving some measure of success. Still, each is an individual
school district with characteristics all its own.

Location of all three programs in one state resulted simply from our need for a convenient
means of identifying programrs. Appreciation is duc the Association of California School
Administrators for responding to our request for a list of school districts operating exemplary staff
development prograrr.s. :

As the following descriptions reveal, much thought has gone into the Jesign, implementation,
and evaluation of these inservice programs. { anything, the descriptions dc ot do justice to the
complexity of the programs and the energy invested in them.

Dimensions described in the previous section that are related to specific aspects of the programs
are not mentioned by narne, but they can be easily recognized. Also, although the use of theory
probably contributed greatly to the success of each program, that alone was not encugh. All the
administrators interviewed communicated the qualities of enthusiasm, optimism, patience, and
comunitment. As we study theory in our attempts to improve the quality of education, perhaps we
should pause to consider how these personal qualities can also contribut= to our efforts for
success.

1 Whittier Union High School District

Jerry Haines is director of staff development for the Whittder Union High School district in
Whittier, California. In this position, he ove rsees thr: .aservice programs for about 350 teachers
from six high schools with a total enroliment of almost 10,000 students. The district offers a
variety of inservice topics in specific areas, including programs for teachers of gifted studer.'s,
curriculum- specisic programs, and writing workshops. But the centerpiece of the district's stafi
development efforts is the "Teacher Power Program” designed Uy inservice education personne.
for the overall purpose of improving teachers' basic teaching skills.

The program combines clinica! teaching techniques, elements of Dr. Arthur Costa’s "Enabling
Behaviors” prograin, and other inservice methods into four days of workshop activities meant to
help teachers in three specific areas. The first area involves analysis of classroom teaching styles
and student learning styles. The second component provides teachers with a five-step lesson
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design, whis h concentrates on specific behavioral objectives and on methods for eliciting more
active .lassroom participation from students. The third component seeks to bring about higher
‘evels of questioning by teachers in order w achieve higner levels ~f thinking on the part of
students. Haines believes the program encourages, "Responsive Behaviors on the part of the
teacher, clear classroom planning, and a higher level of questioning skills. "All these procedures,
Haines says, "build success in students and a more positive atmosphere.”

The "positive atmosphere” Haines describes is related to the districtwide objectives of all
nservice activities. He believes individual improvement ar..; schoc. iznprovement are integrally
related; in fact, they are inseparable. "We work with the .ndividual,” he says, "but we are doing it
at such a broad level that it influences the whole school. Your purpose is the total—but you work
through individuals.”

Program design includes input from a committee of teachers and administrators. The district
has three irservice days per year for each schoo}, so some of the inservice activities are planned fcr
those days, though other acti+...zs occur after school and on weekends. Substitutes are often uscd,
s0 teachers can have some flexibility in scheduling. The inservice staff includes two tsacher
trainers tc assist in the Jelivery of the Teacher Power Program aud other inservice offerings. A
letter explaining the purpose and scheduling for the programs is sent to all participants. Also, a
short orientation meeung is held before the actual workshops begin, and the Myer-Brigzs
Personality Inventory is administered as part of the readiness activities.

Recognizing the need for consistency between prograin objectives and evaluation methods,
Haines reports that the district redesigned its evaluation procedures so that the critenia for
evaluation helped to measure more accurately the attainment of staff development go-=s. He
emphasizes the importance of including st2£7 development in the overall program of t.acher
evaluaticn:

The process of evaluation includes a preassessment and sets up a professional
development plan. Within the plan, an inservice is planned or presci.bed bv an
admiistrator or requestec by the teacher tor updating skills or getting new kinds of
skills, for example, skills related to curriculum content or writing. V'2 assess at the
beginning ¢ the year what the te~~*er's needs are, provide the ins..vice to meet
those needs, and then the teache: 1ally evaluated at the end of the year to
analyze the fulfillment of the professional development plan.

The district seeks to impiement inservice on a voluntary basis. “As Administrators,” Haines
says, "we try to get the teacher to choose the programe The more the teacher chooses, the stronger

the program. But we also have the resp0n51b1hty tc .nake sure the teachers are working at 4 proper
level ”"

The thoroughness in planning, implementing, and evaluating the district’s staff develc smer
programs seems (0 derive from Haines' general philosophy on what makes inservice programs
effective.

The key thing is getting a district to set up a system. We now have a system in
which administrators have been trained in supervision and the same instructional
techniques as the teachers. It is important to train administrators firse, then the
teachers, and then set up an ongoing system to support and monitor the usage of the
instructional techniques. The system is the key. My observations hav~ been that
where there is no system, staff development is ineffective.

. a
t
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2 San Diego Unified School Distrivi

Two: ago, the San Diego "Jnified Schoci District reorganized its stzff development
program. Mary Hopper, director of staff development and training, is now responsible for that
district’s inservice activiti=s for teachers of over 112,000 students in 180 schools. To overcom= the
difficulties of providing staff development and training programs for over 5,000 seachers and t
additional difficul “:s of limited substitute teacher availability and absence o{ schec aled inservice
days, Hepoer takes a systematic yet imaginative, incentive-based approach.

~he district has been devised an inservice course method. "We oufer 15-hour courses on a
dis. .ctwide basis,"” Hopper explains. "Teachers can take a salary credit .  completing courses—1
unit of salary crzdit for taking a 15-hour c~urse." Although this program ;5 of necessity voluntary,
inservice related to implementation of cur:...lum materials is occasionally required of some
teachers.

The voluntary courses are advertised through the district’s quarterly newsletter and are usually
scheduled from 4 to 6 p.m. once or twice a week, ;ron weekends, to accumulate 15 hours of
instruction time. Hopper's staff of one coordinator and five resource teachers are assignedto a
given area including a number of different schools. The staff assist. in delivering and evaluating
the success ~f an extensive array of topical inservic activities for elementary and secondary
teachers. To determine the inservice needs for suck. 2 wide range of tea~hers, several methods are
used. "We've done a formal needs assessment districtwide. We also use surveys and telephone
followups," Hopper says.

Jccasionally, individual schools within the district ask for inservice assistance. "When we
work with a school site," Hopper notes, "we visit the site for needs assessment.” Once a school's
needs are identified, a resource teacher meets with the school staff to explain the ; rogram and field
questone. "We'll meet with the staff in any way they feel will help them with the program,” she
says "For examnle, a secondary schocl site sometimes will ask that the resource teacher meet with
every departrient or with the full faculty." Materials related to the selected program are often given
out at these meetings. In the case of school sites, scheduling of the activities is usually left up to the
school staff.

The probiems related to gathering evaluation data on programs are obvious. Gains on student
achievement scores are not used as a basis for judging program success, but posttraining surveys
and followups are employed. The-newsletter ccntaining cousse schedules also offers teachers the
opportunity to evaluate programs on a write-in basis.

Like Haines, Hopper reports that inservice programs are designed in a variety of ways. Some
are chosen on the ba<is of research that validates their value; others are chosen because of their
successful implementation elsewhere and ofien the district's inservice staff will ¢ 2sign their own
programs. Teacher and management representatives from the difierent areas within the distrct form
a Staff Developiuent Advisory Committee, which provides input ..om the various levels of the
district's organization.

As in most school districts, bud zet limitations and time constraints are her niost difficult
administrative challenge, Hopper says. Yet the San Diego School District's Staff Development and
Training Department has managed :0 organize and implemen. an imp. :ssive staff development
program for an extremely iarge group of professionals. Her assessment of the overall objectves ot
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the district’s staff development approach includes boih the individual a~d the organization. "T'd say
that we're looking at the total picture, and approaching it in a number of different ways.”

3 Redwood City Elementary School District

A review of the staff development program in the Redwood City Elementary School District
provides a good opportunity to look at the various components an administrator considers when
designing new inservice programs for imp:ementation. Bob Beuthel, deputy superinteadent,
ovessees the staff development efforts for 240 teachers at 14 elementary schools (K-8).

The district's lughest priority, in recent years, has been to develop a bilingual education
program because roughly one-third of the distict's 6,500 students have limited English-speaking
abulity. Despite the budget-reducing effects of Proposition 13 and decliring en.ollment, the district
managed to design and begin implementation of the bilingua! program. With that accor:. lished,
Beuthel has now turned his attention to the orocess of developing a comprehensive approach to
staff development after several years of usinig a "shotgun" approach. .

Beuthel began by transferring Connie Williams, previously direc:or of bilingual education, to
the position of director of staff development. Beuthei was able to hire tw< full-tiine and one part-
time resource feachers to assist with the inservice education program.

Several programs a'e in design or early implementation stages. The distric. .3 working on a
five-year plan involving the use of microcomputers, part of the plan inciudes inservice programs
related to helping teachers acqaire new skills and techmques for computer use. .nother program,
funded by a grant from the Packard Foundation, will seek to retain seventh- and eighth grade math
teachers, who, due to the st:ff changes, are teaching math despite it not being their original area of
specialty. Beuthel expects this training prograin to "briny these teachars’ skills up to a level that
gives them a great deal more cenfidence and capability in math instructic... ' Implementatior: of the
bilingual program is a ‘hird area that involves substantial inservice activity.

A fourth area coucer..s ~urricuium implementation. Inservice in this area relates to what Beuchei
calls a “cycle concept,  w.iich seeks to evaluate, adopt, and imaplement new textbooks into
curriculum in a three- year cycle. After a two-year period of evaluation and adoption procedures,
the third year will use .nservice training as a part of the textbook implementation process.

Much emphasis in the cocming years will be given to a new program being developed by the
inservice education staff. Called the "Effective Teaching Program,” this inservice activity will be
delivered as a thirty-hour course spread over several days. The classroom will be used as a training
site for part of the scheduled time. Like the Teacher Power Program in the Whittier School Dis nct,
mg?ffective Teacher Program is derived from different components of several effective teaching

. nodels.

The justification and objectives for the program have been made clear in adva .e: "All teachers
need to be introduced to or reinforced in the principles of effective teaching. The Effective Teacher
Programb  «<cendesigned to meet these needs.” The objective is "to enhance the quality of
instruction 1n the Redwood City School District” by providing “tralning in the effective teaching
model and...continuing support for the effective teaching part cipants."

|
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One ¢ * e most interesting features in the design of this program is the thoroughness with
whichth  1nis conceived. A team zpproach to the concept will be emphasized. Beuthel, who
describes _.is role in the project as "a support agent, a catalyst, and a provider of direction for the.
team,” says that a committee composed of staff development personnel, early redrees, and teacher
representatives from each school will provic's the input to virtually every part of the p ocess.
Various other district committees will also review the proposal. Tais process is intended to buid
disaictwide support before implementation begins. Beuthel hopes that the original committee
members will be early trainees in the program; they could then serve as valuable resource persons
for subsequent participants. i

Alihough final decisions on several aspects of the program have not yet been made, a list of
representative considerations includes cost, suitabilty of content, wainee preference, and methods
for minimalizing interference in the teacher's ir..ructional program. Beuthel expects an extensive
evaluation process to occur: some possible .valuation techniques include pre- and post-test
evaluation, observations, longitudinal studies, and the opportunity for followup assistance after the
training program is completed.

Beuthel sees this last area especially useful as a measure of program succe... "If wa're really
successful,” he says, "the requests for followup assistance will be greater. We want the program to
be something that people regard as a positive experience.” He also hopes that a support group
system will form after the 30-hour program is complet.d so that the staff development will be an
ongoing process rather than a limited one.

Much of Beuthel's confidence in the program's potential for success is based on the early
support zien to it by the district staff, both as individuals and as a group. Says Beuthel: "We've
got the people, we've got the network, we've got the desire on the part of the participants to be
involved in staff development activities, and we've got the support of our board and
administration, so T ses nowhere to go but up."”

Appendices

A  Review of Research on Basic

Skills Instruction at the
Elementary School Level

To derive a set of dimensions for characteriziug inservice programs, we review .d rescarch on
basic skills instruction at the elementary schoa: level. Several sources provided useful information
re:ated to the dimensions include d in our model. The reader is directed to the unginal reports (cited
in the bibliography) for complete information on the relevant research.

The systems framework developed by the Inservice Teacher Education (ISTE) Concepts
Project provided a useful starting point Jor creating our set of dimensions. Joyce and colleagues
(1976) describe the ISTE Project and report that "there are four major dimensions that take the
form of systems that link together to form the structure which is ISTE" (p.3) . These four systems
are the substantive system, the delivery system, the modal system, and the governance system. We
derived some of the dimensions in our model frora these systems within the ISTE structure.
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Another source for identifying inservice dimensions was the research on curriculum
. ..plementation. Fullan and Pomfret (1977) review the research on implementation; we have
uncluded as dimensions in our model several iiems from their list of determinants for effective
implementation.

We derived additional dimensions from the literature on general inservice education. For
example, Pankratz and Martray (1981) and Nelson (1981) describe mode!ls for using inservice
education to support the development and instaLation of new instructional pregrams. These models
suggested several dimensions, such as the use 0. needs assessment and the relevance of content,
that we added to our list.

Cruickshank and colleagues (1979) suggested that the model developed by Dunkin and Biddle
(1974) for conceptualizing resea-ch on teaching could be used to identify and organize inservice
education variables. Some of the variables ide~tified in these reports are included as dirnensions in
the Delivery System, Teacher Objective, and Student Objective categeries in our model.

Finally, the literature on “loose coupling,” described by Meyer (1981), suggested the need for
identifying dimensions that reflect the relationship between inservice education and school
Jrganization arrangements for conducting administrative and technical functions. “Tightly coupled”
nservice programs posit a rational, close connsction between means (inservice training) and ends
(student achievement). However, the theory of loose coupling as it applies to school organization
suggests that inservice education would be poorly linked, or loosely coupled to student
achievement goals and to other aspects of school organization. Thus, we added a set of dimeasions
1o our Selection and Evaluation section to characterize whether particular inservice programs are
tightly or loosely coupled to school outcomes and needs.

B Verification of the Dimensions
by Four Experiments

We revi. ved the literature on inservice programs for basic skills instruction *o identify
pracices corresponding to the dimensions that have been found to contribute to making such
nservice programs effective. For example, we were interested in identifying any research that
determined whether the presence of readiness activities (dimension 7 in our model) contributed to
the effectiveness of an inservice program.

Four inservice experiments were especially useful for identifying such practices—three on
basic skalls instruction (Stallings 1980, Anderson and others 1979, and Gage and ¢ hers 1978} and
one in mathematics (Good and Grouws 1979). These expe.1ments are referr=d to collectively
throughout this report as “"the four inservice experiments."

In each of the four inservice experiments, the content o1 the inservice program was a set of
1astructiona. techniques that nrevious research had found to be correlated with measures of student
achievement. The insrructional techniques used in the four inservice experiments have generally
come to be known as direct instruction.” Rosenshine (1976) has identified the research for and the
essential elernents.of direct instruction.

All the programs tested in the four inservice experiments were effective in improving students’
basic skills achievement. The resul*. are sufficiently consistent and potent such that educators need
to think about incorporating the experimenta: inservice programs in practice. Since our review,

(“ .
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some additional experiments, yielding similar results, have been reported, for example, Gage
(1984) and Gall and others (1984). @

Instructional Processes Used
in the Four Inservice Experiments

1. Anderson, Evertson, and Brophy (1979)

The project staff met with teachers to discuss the stady. Teachers then read a 33-page
manual describing 22 research-validated principles of reading group instruction and took a
short quiz on it. Teachers met once again with the project sta.f to discuss the manual. One
subgroup of these teachers was observed for their implementation of the principles
throughout the scit00l year. Another subgroup was not obssrved. (The two trained groups
did not differ from each other in the end-of-year student achievernent.)

2. Gage and others (1978)

The "minimal” training group received a training manual and one self-administered test per
week for five weeks. The "maximal” group received the same manuals and tests and also
attended a two-hour meeting with the proiect staff each week. In these meetings the
teachers discussed, practiced, and studiea the techniques; they engaged in role-playing
exercises; and they viewed videotapes of a "model" teacher performing the behaviors.

3. Good and Grouws (1979)

Teachers atiended an introductory 90-minute meeting and then read a 45-page manual of
research-validated princioles of mathematics instruction. Two weeks later the teachers
attended another 90-minute meeting in which project staff responded to their questions and
concems.

4. Stallings (1980)

Each teacher was observed for threz days and then given a quantitative summary of the
observations as feedback tc help change his or her instruction to confcrm to resear ..
validated specifications. Teachers also attended four two-hour workshe,s over a 90-day
period.
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Chapter 2.2 :
Literature Review: Effec.ive Staff Development for
Computer Integrated Instruction

This is he literature review chapter of Vivian Patricia J. .on's doctorate
dissertation done at he University ¢ Oregon and completed in August 1988
(Johnson, 1988). The dissertation focuscd on the iong term residual effects of a
particular type of computerintegrated instruction inszrvice. 'L is chapter of the
dissertation is reproduced with the permission of Vivian Patricia Johnson and is
copyrighted in 1988 by Vivian Patricia Johnscn.

There are four categories of research associated with w.e process of effective staff devrlopment.
These are (1) the process of educationa! change, (2) implementation efforts in ecucation, (3)
attempts at educational innovation, and (4) effective inservice practices (sez Figure 2). Synthesis of
research in all four categories is neces-ary to understand the general process of effective staff
Jdevelopment, the process where chan es are introduced and sustained in the >ducational system.

Part One of this chapter reviecws and synthesazes a small segment of this iiterature, evaluation
of computer related inservice. The syntheses was done in order to describe the current level of
evaluation of computer inservice, and the methodologies utilized in this research. Part Two
summarizes the research findings related to educaticnal changes and effective inservice practices.
The summary can be used s a general framework or ser of guidelines to design st>ff development
resulting in sustained change. The review was based on.a computerized search of the Educational
Resources Information Center (ERIC) and Dissertation Abstracts, plus a hand search of
Educational Index. See Appendix B for a description of the search strategies.

Part One: Evaluation of Computer Relatec Inser :::

The review of the lit. . .re provides an image of comp. er related inservice that does not
follow the prescription for effective inservice described by research. "Schools must use a
sy stematic plan, racher than a haphazard approach, toward achieving this literacy [computer]”
(Dickerson and Pritchard (1981) cited in Lovell, 1983, p. 18). "Staff development pmgrams [in
computer literacy] should be geared to the concerns and needs of the teachers involved” (Fary,
1984, p. 6) Unless the real concemns of teachers zre seriously and systematically consiaered as 4
cntical variable ir. the process of . "..nge, the use of computers by teachers will take on the usual
"hit or miss" orientation so typical ~f innovations that we educators effectuate (Cicchelli &
Beacher, 1985,).

The review identified 36 studies that dealt in varying degrees with the evaluation of educational
computing. The modest amount research in this area is surprising considering the field of
educational computing is more than thirty years old.

The studies utilized similar evaluation 1ethodologies but exhibited substantial diversity in the
evaluation goals and types of objects evaluated. Evaluatiin goals were used to group the ciations
to describe the current level of computer inservice eval ation.

While grouping the citations, it became apparent the most comraon evaluatior objects are
introductory computer courses, computer curriculum objectives, and computer related training
efforts. Grouping also suggested the strongest motivation for conducting evdluation is its
requirement in proposals seeking government or private funding for computer related projc
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Major Categories of Staff Development Research

" Educational Implementation
Change Efforts

Effective Compute
Inservice Practices

Attempts At Effective
Innovation Inservice
Practices

Jverlap

Figure 2. Major categories of staff development research.
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Evaluation of Introductory Computer Courses

Approxirately one third of the studies were evaluations of computer inservice. The primary
goal of these studies was ;udging the effectiveness of courses designed to promote computer
literacy or familiarize teachers with the educational uses of computers (Burker, 1956; Eads, 1986;
Feaster, 1985; Harvey, 1986; Nordman, 1982; Ogletree, 1984; Price, 1985; Roblyer & Castise,
1987; Taffe and Weismann, 1982; Vockell, 1981; Vockell and Rivers, 1979; Vockell, Rivers, &
Kozubal, 1982; Zduncih, 1985; Zuckerman, 1983). These studies can be classified as formative
evaluations using mostly quantitative instruments. The most common research objective was to
measure the extent of change in teachers’ attitudes toward computers before and immediately after
completing an inservice program. In addition to changes in teacher attitude the studies commonly
addressed one or more of the following questions.

How well did participants learn the course content?

What is the relationship between course :ompletion and increased participant computer
literacy?

What is the relationship between teachers' level of computer literacy and the level of
computer use in the classroom?

What is the relationship between teachers' attitudes toward computers and the level of
computer use in the classroom?

Did the course content meet the perceived needs of the participants?

What was participant attitude in regard to the course format, inservice delivery system, and
course or inservice materials?

7. What revisions would participants like to see in the course or inservice program?

on A~ » e

Vockell and Rivers (1979) is one example of a longitudinal follow-up looking at the
relationship between course completicn and in-class computer use. Their follow-up indicated that
participants completing an introductory computer course subsequently did not always use
computers in their classrooms. Sabjects cited the lack of access to comp:iters as the greatest
impediment. The current study examined C13 participant perceptions accessing computers and
software to determine if access influenced other components of residual effect.

Two studies described the relationship between changes in teachers’ willingness to use
computers following inservice and actual use of computers in the class (Mitchell,1986; Van
Walleghem, 1986). These studies indicated that following their computer in<ervice, teacher
willingness tc use computers increased. Unfortunately, increased willingness to use computer did
not correlaie well with actual computer use in the classrocom.

Evaluation of “omputer Cuurriculum Objectives

Stll's (1985) formative evaluation is a good example of research related to the appropriateness
of district developed computer curriculum objectives. Still's evaluation goals included documenting
the extent teachers mcorporated the district computer objectives in the classroom and the
identification of objectives in need of revision. While the report was positive in its rating of the
objectives, it should be noted that the curriculum did not requirs substantal use of zomputers. The
curriculum emphasized a historic, paper and pencil approach to understanding computers and their
use in education. There is no evidence to support that the inservice approach utilized in *his study
would be effective if the goal were to increase participant use of computers in the classroom.

7.
.~
iy
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Evaluation of Residual Effect of Computer Related Inservice

Only within the last six years has evaluation research focused on measuring the residual effects
of inservice programs (Beall & Harty, 1984; Cline et al, 1986; Hanfling, 1986; McMcen, 1986;
Mirchell, 1986; Stecher, 1984; Stecher & Soloranzo, 1987, Van Walleghern, 1986; Vockell, 1981;
Wagner; 1984). Six of these studies were designed to measure the components of residual effect
included in the current study. These six studies examined (1) the kinds of personal and
organizational characteristics that correlate with successful computer inszrvice (CI3 Inservice
Model component of residual effect) (Cline et al, 1926 Stecher, 1984; Stecher & Soloranzo,
1987), (2) the computer use component of residual efte.c (Hanfling, 1986; Vockell & Rivers,
1979), and (3) how teachers willingness (attitude component of residual effect) to use computers
changed following inservice (Mitchell, 1986).

Of the six studies on residual affect, four were associated with two educational computing
projects: the IBM Model School Program (Cline et al, 1986; Stecher, 1°84; Stecher & Solorzano,
1987), and the ComputerIntegrated Instruction Inservice (CI3) Project (Hanfling, 1986). Both the
IBM Model School Program and th. CI3 Project were unusual in being large scale inservice efforts
with significant levels of funding.

The work of Stecher and Solorzano (1987) currently represents thie largest effort to identify the
characteristics of effective computer inservice. Thirty individuals familiar with educational
computing were asked to identify school districts or agencies that were doing an outstanding job of
training teachers to use computers. From the names submitted a list of approximately 50
organizations was compiled. This list included over 30 school districts, 12 institutes of higher
education and six regional educational centers. The study focused on district based programs and
selected eight school districts to participate ip the study.

The research design utilized two data collection techniques: a topic-centered interview and
direct observation. The interviewees included: the computer administrator, the staff development
coordinator, trainers, graduates of inservice, participating teachers, and the school computer
coordinator. One direct observation of an inservice class was made for each district. When possible
there was also observation of a computer trained teacher working with students on a
comg uterrelated lesson. The study resulted in the identification of twelve practices related to
effective inservice programs (see Figure 3).

A
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Extensive Fractice with Computers
Comfortabl-- and Relaxed Atmosphere
Appropriate Balance Between Lecture and Guided Practice
Individualized Attention

Knowledgeable Trainers

Detailed Curriculum Guides and Lesson Plans
Clear and Relevant Objectives

Lesson-Related Materials and Handouts
Inservice Lessons Linked to Instruction

Peer Interaction

Voluntary Participation

Strategies for Teaching Heterogeneous Classes

NHO\DOO\IO\(JI&U)E\)H

Pt Pt Pt

Note. From Characteristics of effective computer inservice programs (p. 34) by B. M. Stecher
and R. Solorzano, 1987, Pasadena, CA: Educational Testing Service. Copyright 1987 by
Educational Testing Service. Reprinted by permission.

Figure 3. Twelve effective computer inservice practices identified by Stecher and Solorzano
(1987).

Miscellaneous Evaluation Research

A limited amour.t of work (6 studies) is related to the development of district, state, or country
wide guidslines for monitoring computer implementation (Carlson, 1986; Coe, 1985; T=aching,
Learning and Computer: 1984 Information Kit, 1986; National Institute of Education, 1986;
School District Planning, 1986; Still, 1985). Incorporated into each guideline was the need for
evaluation of staff development efforts, but specific evaluation methodologies and objectives were
generally lacking.

The guidelines suggested the inclusion of an inservice component in effective compute>
imrlementation plans and recommended evaluating the inservice provided. Unfortunately, the
guidelines assume implementation of computers can Le expected if the majority of staff participate
in and indicate satisfaction with the inservice programs. The guidelines lack methodologies for
measuring the extent computer inservice achieved its goals and the level o computer
implementation in schools.

Two evaluations studies were related to California's Teacher Education Centers (TEC)
(Brandes & Padra, 1985; Wagner, 1984). TEC were regional centers set up by the state of
California to provide staff development services. The evaluation goals of these studies are typical
of research validating that govemment funds were spent in an appropriate manner. These  .dies
described the type of staff development programs offered by the TEC, and the number of
participants in each category. Unlike other studies, these evalzations were not lin ed by small
sample size, a major limitation in quantitative designs. With the large sample size it is unforturate
the evaluation designs did not include any aitempt to measure how effective the computer relat=d
inservice programs were in increasing classroom use of ccmputers.

An ever smaller am junt of evaluation research is related to judging staff development
approaches utilizing one or more of the the following formats: (a) computer assisted instruction
(CAI), (b) computer managed instruction (CMI), and (¢) distance education via satellite. This
research was not germane to the current study.

ls\i'
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Summary of Evaluation Reséarch Literature

The review of the evaluation literature indicated that research to determine the effectiveness of
computer inservice is limited and focused on short term effects. The most frequently evaluated
objects are courses and new programs. Typically, evaluation objects have connections to one or
more goverument agencies and involve significant levels of financial and personal resources.

The mos* frequent evaluation goals are validating that funds were spent on the development
and/or initiation of the proposed program or course, and making quantitative jndgements of
whether the inservice occurred. Only two studies attempted to judge the effect of computer
inservice on the subsequent level of in-class computer use (Hanfling, 1986; Vockell & Rivers;
1979).

The following conclusions are supported by the literature review.

1. The majority of computer inservice is not evaluated. The motivating force for most
evaluation research is related to grant proposal guidelines.

2 Evaluation of computer implementation at the district, state, and country wide level is
recomr(lenendcd, but goals are limited to determinations of whether inservice programs were
initiate

3. The most frequently evaluated objects are computer related courses. The most common
formative evaluation goal is determining the appropriateness of course content. In addition,
some studies examine how computer courses offered as inservice affect participants’
computer literacy and attitudes toward educational uses of computers.

4 Descriptive evaluation methodologies appropriate for studying the residual effect of
computer inservice are currently not well defined or tested.

Stecher and Solorzano (1987) identify two problems that result from the lack of evaluation
research. One, withoat evaluation research it becomes diff.cult to judge the relative merits of

inservice programs. Two, without evaluation research developers have little data to guide them in
developing new programs and improving existing ones.

$0
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Part Two: Summary of Major Research
Findings Related to Effective Staff Development

The Meaning of Educational Change by Michael Fullan is the first atterapt to synthesize the
major findings in the four categories of research associated with the proces: of effective staff
development (see Figure 2). Two findings from this body of research are particularly important to
consider when designing effective staff development. The introduction of innovations, including
computer innovations, needs to be viewed as a process influenced by numerous factors (Fullan,
1982: Hall, 1974; Hall & Rutherford, 1983; Loucks & Hall, 1981). Equally important is the
knowledge that successfully implementing change is difficult and more complex than one might
expect (Fullan, 1982, Parish & Arends, 1983). The complexity of the problem explains the low
success rate; only twenty Dercent of attempts at innovation or revision in the educational process
are judged successful (Mann cited in Parish & Arends, 1983). However, the positive message is
that educational change is possible. This researcher supports Fullan's belief that "by making
explicit the problems of planning and coping with change, we gain further understanding of why
certain plans fail and other succeed” (p. 7), thereby increasing the likelihood that new efforts at
innovation will be successful.

This segment of the literature review will focus on research related to the factors tnat facilitate
or inhibit the process of change. The factors are discussed using a modified form of Fullan's
scheme of factors affecting implementation. Two categories from Fulluan's scheme are included in
this segment of the literature review: characteristics of change and characteristics of effective staff
development.

Characteristics of Change

ceveral characteristics of change significantly influence the succ.ess rate of attempts at
innovation (Fullan,1982). Change is complex, difficult, highly per;onal, and multidimensional. In
general, "simple changes are easier to carry out, but they may not make much of a difference.
Relatively complex changes promise io accomplish more” (p.59). Complex change is more likely
to be successful when the change is introduced in incremental components.

The multidimensional aspect of change has significant implications for the design and delivery
of effective staff development. Fullan believes the:e are at least three imensions related to change.
The following dimensions must be addressed if change is to occur.

(1) the possibie use of new or revised materials (direct instructional resources suc’ as
curriculum matzrials or technologies), (2) the possible use of new teaching approaches (i.e.,
new teaching strategies or activities), and (3) the possible alteration of beliefs (e.g.,
pedagogical assumptions and theories underlying particular new policies or programs, p.
30).

Fullan (1982) has also identified four major aspects pertaining to the nature of change itself that
influence subsequent implementation: (1) need, (2) clarity, (3) complexity, and (4) quality and
practicality of materials. Fullan's synthesis supported the acsertion that teachers are willing to
adopt change at the individual classroom level if certain conditions are met. First, the innovation
addresses a priority need. Second, the essential features of the innovation are clearly defined and
practical. Finally, the plan for implementation is based on a realistic assessment of the difficulty of
the change, skill required to accomplish the change, and the extent the change will require
alterations in beliefs and teaching strategies.

The research of Hall also aadresses the complex, difficult, and personal nature of change.
Loucks and Hall (1981) view

changes as a process, not an event; it takes time and continual adjustme=.ts in attitudes, skills,
resources, and support to be successful. Second, change is accomplished by individuals, not

Ing
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institutions; that is, before an institution can be said to have changed, individuals must
behave differently. We further believe that change influences people differently, and so is a
highly personal experience. (p. )

Stafl development efforts that do not address these characteristics of change are much more
likely to be unsuccessful.

The Concems-Based Adoption Model (CBAM) proposed by Hall and others provides a
framework and common language to describe and understand the process that individuals move
through with regard to acceptance and utilization of an innovation. CBAM represents a common
sense approach to the adoption and implementation of innovations. CBAM research has developed
a set of diagnostic tools that enable change agents to systematically collect information to guide
their intervention strategies and facilitate change.

CBAM "was developed to represent the highly complex process entailed when educational
institutions become involved in adopting innovations" (Hall, 1974, p. 5 ). CBAM is composed of
three descriptive dimensions: (1) Seven Stages of Concern About Innovation, (2) Leve!s of Use u.
the Innovation, and (3) Innovation Configuration (Loucks & Hall, 1981). These dimensions "are
used to diagnose the 'state’ of a change effort at any point in titne and to monitor its progress
longitudinally" (Loucks & Hall, 1981, p. 8). The goal of CBAM is to develop an understanding of
how change occurs from the teachers' point of view and to provide change facilitators with
information for assisting teachers in implementing innovation (Hell, 1978).

CBAM research has identified and verified the existence of seven stages of concern (SoC)
about an innovation (Hall, 1974; Hall & Loucks, 1978; Hall & Others, 1977). The stages are: (1)
awareness, (2) informational, (3) personal, (4) management, (5) consequence, (6) collaboration,
and (7) refocusing (see Figure 4). These stages are equivalent to Fuller's (1969) developmental
stages of preservice teachers.
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Stage Description

6 REFOCUSING: The focus is on exploration of more universal benefits from the
innovation, including the possibility of major changes or replacement with a more
powerful alternative. Individual has cefinite ideas about alternative to the proposed or
existing form of the innovation.

5  COLLABORATION: The focus is on coordination and cooperation with others
regarding use of the innovation.

4  CONSEQUENCE: Attention focuses on impact of the innovation on students in his/her
immediate sphere of influence. The focus is on relevance of the innovatien for students,
evaluation of student outcomes, including performance and competencies, and changes
needed to increase student outcomes.

3  MANAGEMENT: Attention is focused on the processes and tasks of using the
innovation and the best use of information and resources. Issues related to efficiency,
organizing, managing, scheduling, and time dermands are utmost.

2 PERSONAL: I ividual is uncertain about the demands of the innovation, his/her
inadequacy to meet those demands, and his/her role with the innovadon. This includes
analysis of his/her role in relation to the reward structure of the organization, decision
making, and consideration of potential conflicts with existing structures or personal
commitment. Financial or status implications of the program for self and colleagues
may also be reflected.

1  INFORMATIONAL: A general awareness of the innovation and interest in learning
more detail about it is indicated. The person seems to be unworried about
himself/herself in relation to the innovation. She/he is interested in substantive aspects
of the innovation in a selfless manner such as general characteristics, effects, and
requirements for use.

0 AWARENESS: Little concern about or involvement with the innovation is indicated.

Note. From "Teachers concems as a basis for facilitating and personalizing staff development”
by G. E. Hall and S. Loucks, 1978, Teachers College Record, 80 (1), p. 41.

Figure 4. Descriptions of the seven stages of concern about an innovation.

CBAM research supported the hypothesis that SoC is a developmental process. Individuals in
their initial approach to an innovation will have concerns different from those they have after using
the innovation. More advance stages of concern will be identified with subsequent cycles of
innovation use. A cycle is the time required to move through all stages of an innovation 9nce.
However, these developmental processes may become biocked or go dormant at any one of the
seven stages of concern (Hall, 1974).

The developmental nature of an individual's movement through various stages of concern has
important implications for charge agents. To facilitate change staff development must address an
individual's current stage of concern. Three different tools are available for tracking these
developmental changes. They are (1) the SoC questionnuire, (2) a written response from
individuals to open-ended questions concerning the innovation, and {3) informal conversations
with participants about the innovatici (Hord & Hall, 1984).
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"Stages of concerus has been proposed as a diagnostic tool for use by counselors,
administrators, staff developers and other change facilitators who are respensible for the timing
and delivery of staff developruent experiences” (Hall & Rutherford, 1983, p. 21). CBAM utilizes
the notion that individuals involved in the innovation process need information and training which
is matched to their current Stage of Concern. As they become more experier.ced with the
innovation, developmental changes occur in their concerns profile. Change facilitators who track
the concems profiles of their audience can use SoC as a data source to determine the content,
design, and timing of interventions.

Levels of Use (LoU) is a diagnostic tool which can be used by change agents to answer the
following questions. Is the innov ation there? Do all teachers use the innovation the same way?
Does the use of the innovation change over dme? What is the shape of the innovation? What is the
use of the innovation across teachers within the same building? (Hall, 1977). Only when a change
ageut has data related to these questions can he/she judge the progress of an adoption ¢~ an
innovation. LoU provides information on which change agents can base decisions of content,
design, and delivery of support activities.

The final dimension of the CBAM model is the innovation configuration (IC}). IC is a process
for (dentifying key coniponents of the innovation and describing how the innovation is being used
by different people (Hall, 1981). The checklist can be used with direct observation or during the
LoU interview (Hall, 1981). The Innovation Configuration checklist helps change agents collect
information to determine if adaptations made by users of the innovation are acceptable with the
developers’ concept of the innovation. The use of the IC checklist enables the change facilitator to
collect information for data-based decisions on what is actually happening in individual
classrooms. Only when the results of the IC are consistent with the change agent's expectations
should an evaluation of the effectiveness of the innovation or change be considered.

Characteristics of Effective Inservice

The research literature associated with research based evaluation of inservice is limited. This
segment of the literature review concentrates on four major studies interested in the identification of
effective inservice practices. The Rand Study, the best known study in this area, examined 300
educational innovations to determine why some projects succeeded and others failed. The sample
was composed of 852 administrators and 689 teachers. The design included field studies to
observe prujects in action and a follow-up two years after the original research was conducted. The
follow-up included resurveying 100 projects and revisiting 18 to identify and describe long-term
residual effect.

The Rand Study concluded effective inservice programs have some characteristic features.
Effective programs were judged to have concrete application to the classroom. The most effective
programs provided long-term assistance to participants. Assistance was ir. the form of a local
resou.ce personnel who could provide "on-call” advice. Effective programs were designed to be
teacher specific, meeting the local needs and concerns of participants. Finally, principals provided
active support and participated in effective inservice.

The work of Gali and Renchler (1985) represents a major effort to describe a research based
model of effective staff development. The study examined the research literature to identify
effective inservice practices. "A practice was considered effective if it could be shown to have at
least one of three results: teachers incorporated the content learned from the staff development
programn in their classroom instruction, teachers and administrators we:e satisfied with the
program, and students improved their achievement in basic skills. In a second stage, the team
surveyed teachers and administrators to see whether actual inservice programs utilized these
research-validate practices" (». vii). [Editor's Note: The Gall and Renchler article is included as
Chapter 2.1 of this book.]

Based on the literature review of basic skills instruction Gall and Renchler derive a set of six
generic dimensions for characterizing inservice programs. The dimensions are: (1) teacher
objectives, (2) student objectives, ¢3) delivery system, (4) organizational context, (5) governance,
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and (6) selection and evaluation. Twenty-seven effective inservice pra-tices were associated with
the six dimensions (see Appendix C).

Gall and Renchler also conducted a survey of teachers and administrators . . . to see whether
actual inservice programs utilize these research-validated practices” (p. vii). The survey data
indica:ed the majority of staff inservice did not incorporate the effective practices that emerged from
the literature review.

For example, according to the research. the most effective programs are designed for the
purpose of school improvement. But in actual practice, the survey showed that 67 percent of s aff
development activities are for teachers' personal professional improvement. The activities also paid
little >ttention to student achievement as a desired outcome, pursued many goals instead « f a few
priority ones, and neglected direct instruction strategies. All these characteristics are contrary to the
recommendations emanating from research on effective staff development programs. (p. vii).

Wade's (1984-85) meta-analysis of 91 inservice studies revealed the following effective
inservice practices.

Inservice training that includes both elementary ana secondary teachers is often more
effective than inservice for either group separately.

Inservice is most successful when participant. ace given special recognition for their
involvement, are selected on a competitive basis, or are designated to participate.

Regardless of who conducts inservice sessions (trainers come under many different job
ciassifications), teachers are more likely to benefit when they learn on their own. Similarly,
of all the different types of training structures, independent study is the most effective.

There is no magical combination of methods for successful inservice. Nevertheless, inservice
programs that use observation, micro teaching, audio and visual feedback, and practice—
either individually or in some combination—are more effective than programs that do no use
these methods.

There is no evidence that "coaching” greatly enhances instructiona! effectiveness. At best, it
is moderately effective.

Inservice is less successful when participants are regarded as major contributors. Programs
are more effective when the leader assumes the role of "giver of information" and the
participants are "receivers of information. (p. 54)

Korinek, Schmid and McAdams (1985) located over 100 reports that meet four criteria:

(a) the work was conducted in the United Srates; (b) it was published subsequent to 1957, (c)
endorsements or practices, specific recommendations and/or conclusions about

inservice for practicing teachers were included in the report; and (d) it was published in a
refereed journal if a comparison or test of procedures was described” (p. 33)

Seventeen studies meet all the criteria and were examined for effective inservice practices.

"Fourteen 'best practice’ statements were derived by tallying the number of times a specific
practice was mentioned in the reports. If a recornmendation had six or more tally marks it was
includ:d as a best practice” (Korinel et al., p. 34). Each best practice was also associated with the
three most common models of inservice g.ograms: information transmission, skill acquisition, and
behavior change. The following are the fourteen best practices.
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Effective inservice is usually school-based rather than college-based (skill acquisition,

behavior change). Q

Administrators should be involved with the training and fully support it (information
transmission, skill acquisition, behavior change).

Inservice activity should be offered at convenient times for participants (information
transmission, skil’ acquisition, behavior change).

Inservice should be voluntary rather than mandatory (information transmission).

Rewards and reinforcement should be an integral part of an inservice progra:n (information
transmission, skill acquisitic 1, behavior change).

Inservice programs should be planned in respense to assessed needs (information
transmission, skill acquisition, behavior change).

Activities which are a general effort of the school are more effective than “single shot”
presentations (skill acquisition, behavior change).

Participants should help plan the goals and activities of the inservice training (skili
acquisition, behavior changes).

Goals and objectives skould be clear and specific nformation transmission, skill
acquisition, behavior change).

Inservice activity should be directed at changing teacher behavior rather than studen:
behavior (behavior change). ‘

Individualized programs are usually more effective than those using the same activities for
the entire group (skill acquisition, behavior change).

Participants should be able to relate learning to their back home situations (information
transmission, skill acquisition, bel:avior change).

(1 ’
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13. Demonsuation, supervised practice, and feedback are more effective than having teachers
store ideas for the future use (skil! acquisition, behavior change).

14. Evaluation should be built into inservice activity (information transmission, skill
acquisition, behavior change) (p. 35).

The literature review of change research and effective staff development indicatud that
educational change is difficult and takes time. When change is complex or different from the status
quo it will be harder to accomplish and take longer. Planning for change is a proccss. The process
must address a validated need for change. The change should be clearly defined and practical.
Inservice is a crucial component of ae change process and should be designed to incorporate
restarch based effective practices.
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Chapter 2.3
Questions and Answers:
Ask Dr. Dave

This chapter contains a number of questions that are frequently raised by computer integrated
instruction inservice providers. . or each question I give a discussion of the underlying ideas and
an analysis designed to help you formulate an answer appropriate to your inservice situation. You
should be aware that there is a substantial difference between the "theoretical best" way to design
and present an inservice, and the reality of what most inservice providers face. Generally speaking,
an actual inservice is a carefully orchestrated collection of compromises. As with all teaching, you
take advantage of your strengths and you do your best under the circumstances.

Q1. What are your major goals when you organize and run a workshop?
I always hold three goals in mind.

1. (For Myself ) 1 expect to learn, to grow, and to have fun from the workshop.
Designing and conducting workshops is hard work. It is nearly impossible to
make a living conducting workshops. Certainly there are easier ways to make a
living. But I have a lot of fun doing workshops. This type of work provides me
with an "intellectual high" that seldom occurs in the rest of my professional
work.

2. (For Participants) I expect participants will learn and grow from the experience
of being in the workshop. They will be facilitated in making changes to their
knowledge, attitudes, and skills that are relevant to improving their teaching.

3. (For Students) 1 expect that our educational system will be better, and that
students will get a better education, as a consequence of my organizing and
facilitating a workshop. That is, I expect that participants will make changes in
what they teach and how they teach it.

Notice that I have considerable control over the first goal, less control over the
second goal, and even less contro! over the third goal. With this set of goals, there
is always room for improvement.

Q2. In your opinion, what is the most effective type of inservice?

I like to think of two general categories of inservice. First, there is the
traditional large group inservice. Here a group of teachers come together in a class-
like setting, and they receive instruction from an inservice facilitator. This can be
successful if it is carefully done and if adequate follow-up support is available.
There is a substantial body of research literature on how to design and conduct an
effective large group inseivice.

s
Y
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A second approach, which I believe is far more effective on average, is one-on-
one inservice conducted in the participant's school—indeed, perhaps even in the @
participant's own classroom and demonstrating the desired behaviors with the
participant's students. Most often in this case the inservice facilitator is a fellow
teacher within the school building or school district. The overall activity may
consist of the following sequence of events:

1. A teacher approaches the inservice facilitator and indicates a desire to learn.
(Notice that this requires a high trust level, and building this trust level requires
personal contacts.)

2. The teacher and inservice facilitator discuss the general area of desirable
knowledge, attitude, and skills, that might be expected as an outcome of
working in this area, why it is important, how long it might take, what each
might contribute to the process, etc.

3. The inservice facilitator models the desired behavior, either in the teacher's
classroom or with some other set of students. The teacher participates as a
student.

4. The teacher spends time learning the skills through study and practice, and
receives the needed help from the inservice facilitator.

5. The teacher practices the desired behavior in his or her classroom, with the
.nservice tacilitator serving as an assistant and as a source of feedback.

6. The teacher spends additional time studying the new material and lesson plans
provided by the inservice facilitator, and may work on modifying these lesson '
plans. Help is available as needed from the inservice facilitator.

7. The teacher tries out the new lessons in his or her classroom, gradually
developing the self configence and skills needed to routinely use the new ideas
and materials.

8. Additional help is available from the inservice facilitator as needed. The
inservice facilitator gradually brings in new, higher level ideas, as the teacher
makes progress and becomes ready for the additional ideas.

At first glance, this approach to inservice education appears to be much more
expensive than the large group, traditional approach. However, it is much more
likely to produce the desired change in a teacher. Moreover, it is possible to
organize a school's faculty so that this type of inservice is commonplace and may
have very little cost. The idez is that every teacher in a school building should have
some inservice responsibilities. That is, every teacher should have one or more
areas of inservice expertise. As part of their professional responsibility, they are to
remain current in their inservice speciality areas and to provide one-on-one inservice
to their fellow techers. School and district inservice funds are provided to help
each individual t acher develop and maintain their areas of inservice expertise.

Some school , use this approach to inservice. It builds a high level of
professionalism and collegiality. However, this approach to inservice is by far the
exception, rather than the rule. Thus, the remainder of this chapter focuses on

traditional, large group inservice.
i1 C
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ﬁ Q3. Please provide us with a short medel for an effective inservice series.

The National Science Foundation project developed its inservices using the
following nine-part model. You may need to modify it to fit your own particular
group inservice situation.

1. Do aneeds assessment. A number of needs assessment ideas are discussed in
this book. Many school districts have developed a long-range plan for computer
use and a more general long-range plan for their schools. Such long-rarge
planning provides a good starting point for a needs assessment.

2. Design the inservice and make the necessary arrangements for facilities. Give
careful consideration to holding some or ali of the sessions in the schools of the
participants.

3. Recruit participants. Keep in mind the desirability of havi.g a critical mass of
participants from each school that is participating, and the strong desirability of
havirg administrative support and participation. By and large it is easier to work
wit.. participants who have relatively homogeneous computer backgrounds and
teaching interests.

4. Carefully and fully prepare the content of the inservice series. Prepare handout
materials.

5 Doan -service session. Conduct informal and formal formative ev *2tion as
seems appropriate.

6. Participants leave the inservice session adequately prepared to implement some
change in their classroom.

Note: Repeat 5 and 6 for each inservice sessicn. Each session provides follow-up
support to the previous sessions. Provide time in each session for doing the
necessary follow-up support.

7. At the end of the inservice series, do some summative evaluation. From the
point of view of the participants, what went well, and what didn't? What could
be improved, and what changes in emphasis would make the inservice series
more valuoble to participants?

8. After the inservices series ends, continue to provide follow-up support to the
participants.

9. Six months to a year after the inservice series ends, gather some data on the

long-term residual effect of the inservice. Are the participants exhibitirg the
behaviors that the inservice was designed to promote?
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Q4. What are some of the major falings in traditional large group inservice for
integrating computer as a tool into the curriculum?

There are many flaws in the design of most such inservices. Her are a few of
them:

1. The inservice is not based on an adequate needs assessment, with the needs
assessment firmly rooted in long-range planring for computer use in schools.
(Frequently the school and school district lack a long-range plan for computer
use. Thus, they lack the carefully considered and carefully designed long term
support of the key stakeholders who would be affected by increased use of
computers in schools.)

2. Often a "one shot" approach is used, or there is only a very limited amount of
inservice available. Research suggests that one shot inservices are rarely
effective. Change literature suggests that educational change takes a long time
and substantial effort. Generally it takes a great deal more inservice than is
provided, and it needs to be spread out over a period of years.

3. Most computer integrated instruction inservice does not provide adequate
follow-up support. Only the "early adopters" tend to be able to take the results
of a one shot inservice with little or no follow-up support, and actually make
substantial changes in what they do in their classrooms. This is a very small
percentage of teachers.

4. Most CII inservice focuses almost entirely on helping teachers learn to use the
particular computer tool under consideration. Little or no time is provided to
study needed changes in the curriculum, learn to deal with new classrosm
organization and management situations, develop and critique lesson plans, etc.
The inservice focus tends to be on the "key presses" and details of using a
particular piece of software: rather than on underlying theory and higher-order
thinking and problem solving skills. The typical CII inservice would be more
effective if it achieved a better balance between the lower-order skills (the key
presses) and the higher-order skills (problem solvi~g) inherent to the use of th
software bzing studied.

5. Most CII inservices focus on single individuals (one person per school, or one
per school district) 1aher than concentraung attention on a critical masz of
teachers in a single school. It is essential to define the educational unit of change
(large department, a grade level, a school) and have a critical mass of inservice
participants from that unit. The collegiality of a subscantial support group
contributes substantially tc the successful implementation of what one learns in
an inservice.

6. Most CII inservice does not have realistic expectations for desired outcomes.
For example, an elementary school teacher is taught how to do process writing
in a word processing environment. But there are only four computers in that
teacher's school. Or, 4 secondary school math teacher is taught how to use a
spreadsheet to present a variety of math topics and sclve a variety of problems.
But the computer lab in the teacher's school is at the other end of the building
and is heavily scheduled for computer programming and coniputer literacy
ciasses. Also, the school's mathematics instructional focus is dominated by the
state mandated standardized tests, and computers cannot be used on these tests.

Lr
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7. The nature and extent of the iiandout muterial is inadequate. The actual inservice
time is quite shoit. Handout matenais should be designed to help make
maximum use of that time. Inservice participants are expected to carry what they
are learning back to their own classrooms. Thus, sample lesson plans are
important. Inservice participants are expected to continue to learn on their own
after the inservice ends. The hiandout materials should facilitate further,
independent learning.

8. There is little or no direct support from the school administration or school
district administration. (Research strongly supports the contention that little
classroom change is apt to occur without such explicit support. It is highly
desirable that school administrators participate in the inservice along side their
teachers.)

9. There are relatively few incentives for teachers to make substantial changes in
their curriculum. But effective use of computer integrated instruction generally
requires substantial changes in both the content and the conduct of the
curriculum.

This list could easily be extended. The major point is that there is a lot of room
for improvement. We should not be surprised by the fact that previous CII inservice
has not been particularly effective in producing change in our schools.

Q5. In light of the previous question and answers, might we be better off if we
just quit offering computer inservices? Perhaps they are doing more harm
than yood. Perhaps the resources being put into the CII inservice effort
would better be spent addrescing some other school issue.

This is a hard question tc .spond to. I suspect every computer inservice
facilitator can point {0 both successes and failures. Sometimes a failure has long
term consequence—a teacher is turned off from computers for many years.

Mareover, many of the successes may be the early adopters—the small
perccntage of teachers who are very quick to learn new ideas and to integraie their
use into the classroop:. Thus, there is some basis for asking whether we should
discontinue the major push on CH inservice.

However, I feel this would be a major mistake. The key issue is that the
computer as a tool is of growing importance in our sJciety and for educated people
who make use of their education. Computers are at the heart of the technological
change that is driving our society. Our schools have just barely scratched the
surface of the educational problem of tool uses of computers. All of he inservice
that has been done 0 far is a tiny percentage of what needs to be done. We know
hew to do ef“~ctive CII inservice. There are many teachers who are qualified to be
effective CII inservice providers. I am :onfident that carefully designed and
appropriately facilitated CII inservices will do far more good than hann, and they
will help to improve our educational system.

This may be a good place to put in one more plug for one-on-one inservice.
This type of inservice is highly effective in producing change and provides a high
level of satisfaction to the inservice provider. Moreover, it can form a foundation
for increased levels of professionalism in a school. Such increased professionalism
can make a substantial contribution to an overall increase in the effectiveness of a
school.
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Q6. How can I get to be an inservice provider?
Here are four answers. I am sure that you can think of others.

1. Begin by practicing in a one-on-one mode. It is easy to find opportunities to do
this type of inservice.

2. Find somecne who is a very good inservice provider who does the types of
inservices you want to learn to do. Participate in that person's workshop. Then
participate a second time, but as a volunteer assistant. (You may need to
participate still a third time, as an assistant who is taking on a substantial
amount of the responsibility of facilitating the inservice.) Then you will likely
be ready to try it on your own.

3. Take a course on how to organize and run an effective inservice. (Read this
book.) As part of the homework for that course, organize and run a short
inservice under the supervision of course participants and the course instructor.

4. Get yourself put into a positior: where you are committed to doing an inservice.
For example, when you see that teachers in your school or district would
benefit from an inservice covering topics that you know quite well, volunteer to
organize and facilitate such an inservice. (Typically you should not expect to be
paid for this work. The first couple of times you do an inservicc you will
probably learn more than the participants.)

Q7. How much time should I expect to spend to prepare for an inservice large
group presentation?

I assume that you are highly knowledgeable anc experienced in the topic area of
the inservice. How much time it takes to be adequately prepa: :d varies substantially
with the nature of the content to be presented, the nature and quantity of handouts,
and so on. Roughly speaking, you should plan on spending 10-20 hours preparing
for each hour of inservice the first time you do a particular inservice. Tl:e second
time you do the same inservice plan on spending about 5-10 hours of preparation
time for each hour of inservice. Subsequen', presentations of the same inservice may
require 2-4 hours of preparation for each hour of inservice.

Of course, there are some professionals who do the same inservice over and
over again. Indeed, some make a living from offering a small repertoire of
inservices. The preparation time in this case gradually decreases. Even nere,
however, it is highly desirable to spend a reasonable amount of time examining new
ideas, new materials, and ways to improve the inservice.

Perhaps the main point is that initially it takes many many hours of werk to
prepare for each hour of inservice. Administrators who pay for the development
and presentation of inservices are seldom aware of how much work is required.
They do not provide adequate release time and pay to make it worthwhile for a
teacher to want to design and conduct an inservice.
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Q8. What are necessary or desirable qualifications ¢to be a good computer
‘ integrated instruction (CII) inservize facilitator?
This question is too broad to give a really good answer. However, 2 good
answer would address several major areas:

1. Teaching and i..ervice facilitation skills. The inservice facilitator should be a
geod teacher and should be especially skilied in working with his or her peers.
"People" skills, good interpersonal skills, are essential. For CHI inservice, a
good balance between “high-tech" and "high-touch" characteristics is highly
desirable.

2. Theoretical and practical knowledge of the inservice topic. Ths inservice
facilitator s'iould be highly knowledgeable and experienced in the topic of the
inservice. A broad-based background, much broader than just the topic 1o be
covered, is highly desirable.

It 45 highly desirable that the inservice facilitator have recent classrocm
experience in using computers with kids. The inservice facilitator who can say, "I
used this idea in my classcoom last week, and it really worked well" has a distinct
advanage over the inservice facilitator who has long since ceased being a classroom
teacher.

3. Leadership for educational change. The inservice facilitator should be an
experienced educator and an educational leader with a vision of how CII will
lead to better and more appropriate educztion for students. The instrvice
facilitator is 2 key educatonal change agent and therefore should be willing and

. able to take an assertive -tasice for changes that will lead to improving our
school system.

Q9. What is an appropriate balance between hands-on and off machine activities
in a CII inservice?

Any inservice should be designed to acccmplish specific educetional objectives.
If the goal is to change the classroom teaching behavior of the participants, then the
inservice should be carefully designed to help participants leam the behavior that is
expected of them and to practice the desired behavior.

For a Cll inservice, the underiying goal is for participants to return to their
classrooms and integrate tool uses of computers. This requires a change in course
content and philosophy, as well as having students actually leamn to *-~e computers.
Surveys of CI inservice participants suggest that they most prefer that
approximately 2/3 - 3/4 of an inservice be spent ir a hat. 's-on mode. However,
chances are that this is far too much time to spend in that mode. It leaves too littie
time for working un the changes in course content and underlying philasophy that
are essential parts of the desirable classroom change.

Remember, a good inservice session includes most or all of the
following: ’

1. An overview presentation of the general topic and underlying theory.

‘ 2. Demonstration of desired performance.
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3. Participants learn to use the materials and practice using them.

4. Participants discuss potential applications in their classrooms, how the CII tool
being studied fits in with their curriculum, and how it leads to changes of their
curriculum.

5. Participants practice working with materials that they will use as they implement
their new knowledge and skills in the classroom.

6. (Of course, a good inservice also has follow-up activities, but that is not
pertinent to this particular discussion.)

A careful analysis of the above considerations suggests that there will often be a
conflict between the desires of participants and the best judgement of the facilitator.
The inservice facilitator should be aware that the actually inservice meeting time is
quite limited and should strongly encourage participants to do some of the needed
computer practice on their own, outside of the formal inservice meetings times.
However, the inservice facilitator should also be aware that teachers re very busy
and many have difficulty finding the necessary time to practice what is being
covered in the inservice.

Q10. Can you give us a comprehensive list of effective inservice practices for
computer integrated instruction?

A good starting point is the list developed by Stecher and Solorzano that is
discussed in Chapter 2.2 of this book and is given below.

. Extensive Practice with Computers

. Comfortable and Relaxed Atmosphere

. Appropriate Balance Between Lecture and Guided Practice
. Individualized Attention

Knowledgeable Trainers

Detailed Curriculum Guides and Lesson Plans
. Clear and Relevant Objectives

. Lesson-Related Materials and Handouts

. In-service Lessons Linked to Instruction

. Peer Interaction

. Voluntary Participation

O 00 N N W bW N
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. Strategies for Teaching Heterogeneous Classes

T'have frequently discussed this list in effective inservice workshops and then
asked participants to add to the list. Participants in these workshops have provided
me with a long list of items that they recommend as effective, based on their own
personal experiences. A number of their suggestions are given below. Soms
overlap with the Stecher and Solorzano list.

9
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11.
12.

13.
14.

15.
16.
17.

. Provide adequate time for creativity, thinking, and problem solving.

. Check and recheck your hardware and software. Design your inservice so that

you have a reasonable fall back position if there is a major hardware failure (or a
power failure).

. Model enthusiasm. Also, model the types of instructional behaviors that you

want the inservice participants to learn.

Do an adequate needs assessment well in advance of the inservice.

. Make provisions so that the inservice participants will be zble to practice the key

ideas of the inservice between inservice sessions.

. Draw on the strengths of the inservice participants. For example, if some have

experience in the areas that are being covered, make use of their experience.
Pair up beginners with more advanced computer users in the hands-on
activitios. Instruct the more advanced computer users that their role is to learn
how to help a beginner, and to practice one-on-one inservice techniques.

. Make sure that the inservice content is appropriate to the hardware and software

that is available to the teachers in the inservice. (They can't implement the ideas
of the inservice unless they have appropriate hardware and software.)

. From ume to time divide inser - participants into homogeneous subgroups

and provide adequate time for them to discuss how they will implement the new
ideas in their own classrooms.

. Build cellegiality and develop this into a follow-up support system.
10.

Make sure that your visuals are of good quality and large enough so that
participants can easily see them. Indeed, you may want to give participants a
copy of all of the visuals and to take notes on these sheets.

Provide lots of time for individual questions.

Do a formative evaluation and make appropriate adjustment to the content of an
inservice series based on the formative evaluation.

Provide follow-up support and encouragement.

Design assignments so that they are practical and relevant. For example, 2 good
assignment may be one requiring the participant to implement some of the
inservice ideas into his or her classroom, and then report on the results.
Provide very good refreshments for breaks.

Start on time. End on time, or a couple of minutes early.

Be aware that most teachers are quite busy and feel that they are over worked
and under appreciated.

When 1 do this exercise in effective inservice workshops, I find that the lists

generated cover most of the ideas in the Stecher and Solorzano list and include a
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Q11.

Q12.

number of additional practical suggestions. Most inservice facilitators have attended
dozens of inservices themselves and have a good grasp of what works well and 0
what is ineffective in an inservice.

How impertant is it that inservice participants develop collegiality and a
peer support system?

Collegiality and peer support are very important. Research suggests that
inservice is more effective if it focuses on a specific educational unit such as a large
department, a schoo’. or a school distric* as a unit of change. Once a unit of change
has been determined it is very important to get th.e educators in that unit to work
together to accomplist the change.

An important part of this is the long-range planning process. There, the key
stakeholders are involved in developing a plan and doing some thinking about
implementation. This can provide a start on the collegiality and peer support that is
needed for long term changes in our educational system. Even if the district do=s
not have a comprehensive long-range plan for computer use, an individual school
or even an individual department within a school can develop such a plan. This is a
good thing to do and it will help contribute to the successful implementation of the
ideas covered in your inservice.

We also know that teachers very much like to observe other teachers performing
the desired behavior with students in their regular classrooms (visit other teachers'
classrooms, or have other teachers come to their classroom and demonstrate). This
is facilitated by having a number of teachers from a school be involved in an
inservice. The strong support of a school administrator can also help a (ot here.

I notice that you emphasize discovery-based methods of instruction in your e
workshops. Why, and how does this relate to effuctive CII inservice?

The computer is a very powerful aid to problem solving. Problem solving is a
higher-order skill, one that involves careful thinking, persistence, taking the
initiative, being independent, etc. These are all characteristics that are fostered
through discovery-based learning. In my inservice facilitation, I attempt to model
the behavior that I want inservice participants to learn.

The CH inservice facilitator is a key educational change agent. Many of the
changes that would make education better are not centered around computers.
Discovery-based learning provides a good example. Whether or not computers are
available to students, discovery-based learning is very important. The CII fac:litator
thus has the opportunity to simultaneously focus on two key topics—discovery-
based leaming and computer tools.

This illustrates why it is important that the CII facilitator be an experienced and
highly knowledgeable educator. The ClI inservice is a vehicle for simultaneously
addressing computer .ssues and a nrmber of other topics relz:ed to school
improvement.

0y
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Q13.

Q14.

Can you give me another example of how you use the time in a CII
inservice to teach a non-computer topic?

I think my favorite example is WAIT TIME. The research on wait time strongly
suggests that most teachers don't give students enough time to think before calling
on some student for a response. Indeed, the typical teacher asks a question to the
class and then waits for less than a secon before calling on a student volunteer.
That isn't enough tim.¢ for a student to formulate a deep answer. Rather, this type of
teacher behavior fosters rote learning of lower-order skills.

The same type of research suggests that the typical teacher almost always calls
on a voluateer, but that more and better leaming would occur if the teacher would
frequently call or some student who has not volunteered.

Thus, in my CII inservices I deliberately provide a long wait time whenever I
have the opportunity to do so, and I often call on non volunteers. Also, I openly
discuss the need for such a long wait time and calling on non volunteers, and how
these actions contribute to developing higher-order skills.

Still another example is provided by cooperative learning. The research
literature in support of cooperative learning is very solid. Thus, cooperative
learning techniques should be used in Cll inservices. Their use and value should be
made explicit to CII inservice participants.

Is it all right to mix elementary school and secondary school teachers in a
CYI inservice? What about mixing teachers from a broad range of
secondary school disciplines?

While this is frequently done, it is most often a mistake. Think for a minute
about the basic goal in a CII inservice. It is to have the participani learn to integrate
tool use of computers into heir classrooms. The classrooms and teaching situations
of eleme:ntary school teachers are quite different from those of secondary school
teachers. The elementary school teacher has a self contained classroom and deals
with the same set of students all day, for the entire school year. The secondary
school teacher deals with five or six times as many students in a single day, and
may see new sets of students at the start of each new semester or trimester.
Similarly, a secondary school math teacher’s inservice needs are quite a bit different
from a secondary school social study teacher’s needs. While they both may end up
using some of the same software tools, such as a graphics package or a
spreadsheet, the types of problems that they want their students to learn how to
solve are quite a bit different. Since the inservice should place considerable
emphasis on use of computers as an aid to problem solving, and a homogeneous
grouping of participants is helpful

Incidentally, this also points out one of the needed qualifications to be an
effective inservice facilitator. The inservice facilitator must know and understand
the types of problems that the participants are teaching their students how to solve.

The inservice facilitator needs to establish close rapport with participants. The
facilitator necds to understand the teaching situations faced by participants and to
directly address these teaching situations. A substantial amount of the instruction
needs to focus on lesson plans suited to the needs of participants, as well as
classroom management, changes in the curriculum, etc., that CIT brings about. For
these and other reasons it is highly desirable to have homogeneous groups of
inservice participants.

’-b
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Q15. Should the inservice sessions be held in the participants' schools?

The general inservice research literature suggests that it is desirable to conduct
inservice sessions in the schools of the participants. This increases the credibility of
the inservice and makes it easier for participanis tc transfer their new knowledge
and skills from the inservice setting to their classroom settings. This is particularly
true if the school computer lab is similar to that which most of the participants have
in their own schools—which would certainly be true if all participants are from one
school and the inservice is done in that school.

However, there are many reasons why computer integrated inservice is often
conducted at other sites. For example, the nature and amount of computer facility
available at school sites may be inadequate and inappropriate for the nature and
number of paiticipants. The location of school computer labs might not be as
convenient as the location of a district inservice center computer lab. The
participants may come from widely varying schools with widely varying compute:
facilities, so that no school cc  utcr iab is 12presentative of the facilities that most
of the participants face in their particular schools.

In any event, site selection is important. An inservice should be held in a facility
that is conducive to leamning. It is easy to give examples of poor facilities. These
include facilities that are too cold or too hot, too noisy, have noor seating
arrangements, are difficult for teachers to get to, and so on. Most inservice
facilitators have themselves participated in a large number of inservices. The
inservice facilitator should ask "Would I be happy participating in an inservice in
these facilities?"

Q16. How important is it that participants in a CII inservice be volunteers?

At first glance it seems evident that more learning will occur, and that there is
increased chance that participants will make use of what they leam, if they are
volunteers. The Stecher and Solorzano list of effective inservice practices indicates
that having volunteers is desirable.

However, I am not aware of any solid research literature that backs up this
position. Moreover, it is difficult io define what one might mean by a "volunteer."
For example, suppose that an inservice coordinator for a large school district has
just enough resources to offer a particular inservice to teachers in three schools. The
inservice coordinator may ask for schools to volunteer. If a principal volunteers a
school, does that make the teachers volunteers? Suppose that the requirement is that
at least 10 teachers participate from a school. If five teachers initially volunteer and
manage to coerce five of their colleagues to volunteer, are the latter five actually
volunteers?

The literature on volunteer participation is also mixed because a good inservice
can easily change a participant from an unwilling to a willing participant status.
Many (most) teachers feel uncomfortable when they are placed in a position of
being expected to learn a lot of new material and ideas, and then implement it in
their classrooms. But once they make some progress in doing so, most teachers feel
quiie good about themselves and are motivated to continue their progress.
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Q17. What can you tell me about when to .10ld an inservice, how long the
sessions should be, when to have breaks, how long breaks should be, and
so on. Also, what about refreshments, and who provides them?

To a large extent the answer is "Use common sense.” Most inservice facilitators
have themselves participated in a large number of inservices. They know what they
like, so they know what their fellow teachers like. However, here are a few specific
suggestions.

1. No matter what time you schedule an inservice, it will not be the most
convenient time for many of the participants. In the needs assessment phase
before the inservice begins, you can gather information about times that will be
abso'utely impossible for potential participants and times that have historically
proven acceptable. Don't make the mistake of scheduling an inservice at a very
bad time such as the aft:rnoon or evening of the day before end of term grades
are due.

2. An inservice session might be as short as an hour or as long as a full day plus
evening. To the extent possible, the length of a session should be appropriate to
the nature of the content. For example, a one hour session is probably too short
for most hands-on inservices. Sessions longer than three hours are too long if
the material is vertically structured—that is, if the material buiids on material
covered earlier in the session. Long inservice sessions need to be broken into a
numbe: of shorter activities with frequent changes of pace.

3. Provide three distinct types of breaks:

a. Change of pace and change of topic breaks. As a rough rule of thumb, these
might occur every 15-25 minutes. This type of break may be as short as a
few seconds.

b. Refreshment and rest room breaks. As a rough rule of thumb, these might
occur every 1 1/2 - 2 hours and be 15-20 minutes long. They provide time
for collegiality, and that is very important.

c. Lunch/dinner breaks. Time can be saved by bring lunch or dinner into an
inservice session. But it is important that the break be long enough to
provide a major change of pace (let the brain cells rest a bit) and time for
collegiality.

4. Refreshments are very important. Perhaps ideally, a good range of appropriate
refreshrnents would be available as participants arrive, and would continue to be
availablz throughout the inservice session. The nature of appropriate refreshments
seems to vary in different parts of the county. However, in addition to coffee with and
without caffeine, tea, juices, and soda pop are usually welcoie. Fruit, cheese, and
crackers are often much to be preferred over donuts and cookies.

If an inservice is to have a sequence of sessions, participants can be organized to
provide their own refreshments. Indeed, if the inservice facilitator is clever enough, a
competition can be started between various groups of participants, so that refreshments will
get better and better as the sequence of inservice sessions progresses.

(().
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Q18. Is it necessary to have an assistant when doing a hands-on inservice? How
many participants can one inservice facilitator (with no assistants) ‘
comfortably handle in a hands-on inservice?

Hands-on inservices are difficult to do. The reason is simple. It is nearly
impossible (and probably not desirable) to lockstep a number of participants,
keeping all of them exactly in the same place as they examine a piece of software.
Even with carefully written directions, in just a few minutes participants will be
doing a wide range of different things, many totally ur.related to the set of directions
they are supposed to be following. As they run into trouble, they will begin to ask
questions. Many of the questions will not easily or appropriately be answered by
the statement "Just read and follow yow handout." Instead, individual attention
must be paid to a number of participants.

A relatively inexpericnced inservice facilitator is well advised to limit the
number of participants to perhaps 10-12. A very experienced inservice facilitator
may be able to handle 20 or more participants in a hands-on workshop. This varies
with the facilitator, however, and having that many participants is a considerable
strain.

Thus, in most hands-on inservices, the need for one or more assistants is
evident. But these do not necessarily have to be paid assistants who are officially
serving as assistant facilitators. For example, in most inservices there are some
participants who know a great deal about the topics being covered. The thing to do
is to learn to make effective use of these people. Since they are experienced
teachers, they are generally well qualified to serve as assistants.

Still another important idea is having participants work in pairs or small groups.
Cooperative learning is effective, and a hands-on inservice is a good place to model
this type of teaching behavior. @

Q19. What is the most desirable number of participants per machine in a typieai
hands-on inservice?

Two people per machine is generally better than having just one or having more
than two people per machine. Having two people per machine promotes
collegiality, mutual support, help in answering questions, etc., but still provides
plenty of work to keep both busy (With three or more people per machine, usually
one or more will not be actively enzaged.) However, if there are enough machines
and some participants want to work alone, generally you shou!d allow them to do
so. (Tn some cases you may be emphasizing paired learning and what it is like to
learn in that environment. Then you willinsist that all participants work in pairs.)

Try to pair up more experienced uscrs with less experienced users. Let the more
experienced users know that they are functioning in a dual role of inservice assistant
and participant.

There are dangers in having two people per machine. Sometimes one of the two
will strongly dominate and the other will leam little. I suggest that you address this
directly. Talk to the participants and make sure that they understand they must be
responsible for their own learning. The more experienced computer users must
make sure that their partners are learning the m.aterial.

()
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Q20.

Q21.

Q22.

Q23.

How important is it to have scheul and district administrative support and
participation?

There is a substantial need for support from the school and distzict
administration. Their research on this is solid. The goal in a CII inservice is change
in the participants' classrooms. But such change seldom occurs without the explicit
backing of the school administration. (This is one reason for doing long-range
planiung. The planning process requires active participation of administrators. The
plan must be approved by top level school administrators and the school board.)

It is very clear that the school administration can play a strong role in fostering
change. If a principal participates in an inservice, the principal will be thoroughly
familiar with the classroom changes that are being advocated. The principal can then
work with teachers to provide needed encouragement, support, and feedback to
help them implement the desired change. Some of this may well be built into the
evaluation of the teachers.

Are there major differences between teaching teachers and teaching other
students?

Yes. Many successful precollege and college teachers are quite unsuccessful in
teaching teachers. It could well be that teachers are the most critical of all potential
audiences.

It's not just that teachers are adults, and that teaching adults is different than
teaching children. Teachers know a great deal about teaching and learning. They
have done a lot of introspection, so they know what will help them learn and what
is relevant to their needs. They are busy people, often quite over worked. They
recognize that their inservice time is qui*> valuable and they want this time to be
well spent.

Perhaps the key thing that an inservict: provider needs to keep in mind is that the
goal is to help the participants make changes in their classrooms. Making such
changes is both threatening and difficult. The inservice facilitator must do what ever
possible to make it "reasonable” that the pu .Cipants make the desired changes in
their classrooms.

Have you ever heard of "power dressing"? Is this important for an
inservice facilitator?

As far as I can tell, the idea of "power dressing” comes from the business
world. It nas to do with dressing appropriately to fit various business meeting
situations. For an inservice facilitator, it is generally desirable to dress as well or a
little better than the participants.

The main thing is that one's dressing habits should not distract from the
learning process. Of course, there are exceptions. Some inservice facilitators have
eccentricities (perhaps carefully cuitivated) that are part of the show they put on

How should one attempt to deal wit.. vbnoxious inservice participants?

Almost every inservice contains one .r more participants who seem to have an
agenda of show ing the facilitator and the other participants how much they know—
indeed, that it 1s only through scme mistake that they are not facilitatiag the

~
3
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Q24.

inservice. There are many other types of inappropriate behavior that you will
encounter. Some inservice participants insist on talking to each other during
presentations, spending their time grading papers of writing letters, wandering in
and out of the inservice, etc.

Such behaviors on the parts of the participants are particularly trying to a
relatively inexperienced facilitator. Overall, the situation is not too much different
from what a new teacher experiences as they begin their teaching careers. There are
a few coping strategies that can be taught, and there are many that one acquires
through trial and error. What works for one facilitator might not work for another.

One characteristic of the "know it all" is raising detailed questions that are
clearly beyond the scope of the materials being covered. The inservice facilitator can
acknowledge the question and set a time later during the day when a private meeting
will be held to discuss the answer. There should be a clear implication that the
question is beyond the scope of the inservice and a strong hint that no further
questions of this sort should be raised. However,it is easy to make the mistake of
discouraging questions that would be appropriate. Thus, use care in discouraging

uestions.
4 An overall lack of professionalism on the part of participants (such as talking,
not paying attention, not participating) can be directly addressed. "I notice that some
of you are spending your time talking to each other rather than pasticipating in the
inservice. I believe this is disturbing other participants, and it disturbs me. I'd be
happy to spend some time discussing what is going on. Would one of you be
willing to help us work our way through this difficulty?"

Another approach is to say "I notice that some of you are not paying attention,
and that you are keyooarding when I have asked you to stop and to pay attention to
what I am saying. Each of you knows how you deal with your own students in this
type of situation. Please be aware that I don't allow such inappropriate behavior
with my students. Don't force me to write your name on the board, keep you in
after school, or serd you to the principal's office."

The key idea is to openly confront the inappropriate behavior and take
advantage of the high level of professionalism that most educators have. Treat them
like professionals and make it clear that you expect them to behave as professionals.

Are there particular difficulties associated with doing an inservice for one's
fellow teachers as distinguished from doing an inservice outside of one's
own district?

There is a major advantage in doing inservice with your feliow teachers. You
know them, the problems they face, and the nature of thei~ “vorx situations. You
can design the inservice to pay particular attention to their specific needs. However,
you know that you will have to continue to associatz with the participants—they are
your colleagues. Thus, you need to be very carefi:! to make the inservice quite
useful and appropriate to their needs. They will «end to tolerate your inexperience (if
your are inexperienced). You can take advanta ge of your personal contacts and the
fact that you are available on  formal or infornal basis for follow-up support.

When you do an inservice outside of your own school district, you
automatically become an outside expert. You are not expected to have detailed
knowledge of the district and its teachers. Instead, you are expected to be more
knowledgeable and/ur skillful than the participants. You are expected to bring to the
inservice ideas and .naterials that are not readily available within the district.
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‘ Q25. What can we do to get the teachers involved who seem unwilling to learn
new things or come to our inservices?

All teachers are quite able to learn new things. Computers are not particularly
difficult to learn now to use or to use. Certainly all teachers (after all, they are
college graduates!) have the necessary intelligence.

Thue, the reasons for not participating are probably deep seated and difficult to
address. At one of the scale we have early adopters, and they quickly join any new
and exciting movement. By now you have probably reached all such teachers in
your school disirict. At the otner end of .he scale are the late adopters, and probably
the best hope is that they will retire or quit teaching. There is a huge middle group
of teachers that can be reached. But this takes time, patience, and considerable
effort.

My first suggestion is to initially ignore the teachers who don't scem to want to
get involved with computers. 3pend yc  inservice efforts on those that want to be
involved. You will experience far greate  uccess, and gradually you w.ll build up a
cadre of teachcrs whe can help you to aa. 2ss the needs of teachers who are less
quick to change.

There is no magical answer on how to reach the large number of teachers who
are sornewhat resistant to changz. Peer pressure, one-on-one inservice, better
incentives, administrative pressure, etc. may all help. As these teachers seem some
of their colleagues making routine use of computers, they will gradually become
more interested in doing so themselves. As more and more students routinely use
computers, this will place pressure on the teachers who resist learning about
computers. Given enough time, most teachers will learn to make effective use of
computers in their classrooms.

& Remember, computeis lie at the very heart of some of the changes that are
needed t move our schools into the Information Age. Nobody said that it was
going to be easy. There will be a continuing need for the type of leadership that
good inservice providers are able to be. The computer fiel¢: will continue to change
very rapidly, so the job of t»e incervice provider will not be accomplished in the
next decade or two. Keep at it!

¢
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® PART 3: EVALUATION

Chapter 3.1
Introduction and Overview

Most inservice projects pay relatively little attention to formative and summative evaluation.
Thus, the w.sevice facilitator often lacks information as to the effectiveness of the inservice or
ways to make it more effective. The goals of this section of the book are:

1. To summarize arguments supporting, placing significant emphasis on evaluation in the
overall process of designing and implementing an inservice program.

2. To provide you with some sample instrumentation and some guidelines for use in doing
formative and summative evaluation of an inservice project on computer-as-tool.

There are five key components of evaluation for an inservice project:

1. Needs Assessment. Determine the purpose of the inservice. Who is to be served, why, and
what are their expectations and needs? A needs assessment for computers in education
consists of two rather distinct parts:

‘ a. A long-range plan for computers in education. The book, Long-Range Plan=ing for
Computers in Schools, Moursund and Ricketts, 1988) provides appropriate guidance
in developing such a plan. Abo..: 1 1/2 chapters from that book are included as part of

the Needs Assessment chapter of this book.

b. Assessment of the specific perceived needs of potential participants in the inservice and
the perceived desires of their administrators. The Needs Assessment chapter of this
book contains several instruments that can be used for this purpose.

tJ

. Formative Evaluaticn. If the inservice is several sessions long, there will be opportunity for
midcourse corrections. The inservice facilitator needs to gather information from the
participants about what the, re learning (or perceive they are learning) relative to their
perceived needs and to the overall goals of the inservice. Such formative evaluation might
consist of two relatively distinct components:

5

a. A formative evaluation questionnaire, most likely filled out anonymously. Two samples
are provided in the Formative Evaluation chapter.

b. Observatons «. participant performance during inservice sessions, examination of
participant logs of between-session computer use, homework assignments, tests, etc. A
successful classroom teacher is quite experienced in gathering and making use of this
type of formative evaluation information.

goal is to find out what participants think about the inservice at the time they are just
completing the inservice. In this chapter we provide you with several instuments that can
be used for this purpose.

‘ 3. Summative Evaluation Part 1. Perceived Quality and Effectiveness of the Workshop. The
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4. Summative Evaluation Part 2. Residual Effect of the Inservice on the Participants. The goal
is to determine the long term effect that the inservice has had on participants. In this chapter
~ provide you with several instruments that can be used for this purpose. Such
wstruments might be used several times, such as at the beginning of the inservice, a few
weeks or a few months after the inservice, and perhaps a year later.

5. Summative Evaluation Part 3. Short Term and Long Term Effect of the Project on the
Students of the Participants. The overriding goal of an inservice is to improve the quality of
education being received by the students of the participants. However, it is difficult and
relatively expensive to make a determination if an inservice is having a significant effect on
the students of participants.

This topic is beyond the scope of this book. Evaluation of the impact of inservice
requires the careful collection of baseline data and the lo. g term collection of data designed
to measure possible changes from the baseline. It is reseacch that typically would be
decigned and carried out by a professional evaluator rather than the person designing and
conducting an inservice.

It should be evident that one could easily spend more time in the evaluation of an
inservice program than in the actual preparation and facilitation of the inservice. Except in
special situations, such as in a research project, this would be counter productive. As a
very rough rule of thumb, the time, effort, and resources put into the evaluation of an
inservice project might be ten percent of the total time, effort, and resources going into the
inservice project. If a particular inservice is to be used repeatedly, this means that it can be
thoroughly evaluated. If it is only going to be used once, this means that it will not be
thoroughly evaluated.
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Chapter 3.2
Needs Assessment

The first component of a needs assessment is a carefully done, long-range plan for computers
1n schools. This psanning process can take many months and should involve a wide range of the
stakenolders—teachers, administrators, parents, etc. A quite minimal plan for a single school may
take 50-200 person hours of effort, and developing a district plan may take from 500 hours to
many thousands of hours of effort. But research suggests that if a school has a reasonably well
thought out plan, it is more apt to make good progress in instructional use of computers than a
school that has not undergone the plarning process.

Detailed information on how to design and _arry out a long-range planning process is given in
Moursund ar... Ricketts (1988): Long-Ra.:ge Planning for Computers in Schools, Information Age
Education, 1250 East 29th Place, Eugene, Oregon 97403-1621. The last part of Chapter 1.3 and
all of Chapter 1.4 of that book are reproduced here with the permission of the authors.

Moursund and Ricketts Chapter 1.3: Future
(Only the final part of the chapter is included here.)

Conclusions and Recommendations

Many of the trends discussed in this chapter seem quite clear. The hardware price-to-
performance ratio for computers will continue to improve quite rapidly. Hardware will be
networked. More and better software «ill become available. Computers will solve or help solv¢ an
increasing range of problems. Artificial intelligence will grow in importance and in use. In
summary, our access to information and aids to processing this information will increase many
fold in the years to come. Computer use in government, business, industry and education will
continue to grow quite rapidly.

We believe the educational implications are profound. The discussion in these first chapters
leads us to offer nine general recommendations. Their full implementation would lead to major
changes in our instructional system.

Recommendation 1. Computer assisted learning should be viewed as an effeciive aic to leamning
productively. There should be considerably increased emphasis on CAL to make broader
educational opportunities available to stadents, to facilitate more individualization of instruction,
and to increase leamning.

Recommendation 2. Comguter-as-tool should be viewed as an efficient aid to students at school, at
home, and on the job. All instruction at ail levels should take into cor. “deration computers as an
aid to problem solving and computers as a source of problems. Tl uc of computer-as-tool should
be integrated throughout the curriculum, Cun.culum content and t:sting should be modified
adequately to accommodate computer-as-tool.

Recommer.dation 3. Students should learn enough of the general capabilities, limitations a- d
underlying nature of computers so that the magic of computers is replaced by knowledge and a
sense of familiarity. in particular, students should able to act upon the concept of effective
procedure (including the creation and representation of procedures, and algorithmic thinking). This
concept is among tie most important academic ideas of our century. Leaming it is part of what it
means to be educated for life in our society.
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Recommendation 4. All schools should prcvide good access to computer based information

systems. All students should be given instruction in use of such systems and should waake regular ‘
use of these systems throughout their schooling. The total accumulated knowledge o.. the human

race is growing rapidly. Learning to access and make appropriate use of this collected informatio..

is at the core of education.

Recommendation 5. Computer-as-tool should be viewed as an aid to teacher productivity. Every
teacher should have access to a personal corputer at work and at home. Almost everv classroom
should have a computer with large display screens or a projector to allow computer aided
interaction between teacher and class. All teachers have an inc-easing need both for general
instructional computing literacy and for relatively deep xnowledge on uses of computers within
their own specific subject areas.

Recommendation 6. All preservice and inservice teachers should be given appropriate
opportunities and encouragement to improve their abilities to function *vell in this changing
environment. Computers affect teachers’ roles. There is less de..and for teachers to be the source
of information and the delivery device. There is greater demand to be a facilitator—a -ole model as
students learn "people skills" and higher-order thinking and communication skills.
(Recommendations 5 and 6 pose a severe challenge to our entire preservice and inservice teacher
education system.)

Recommendation 7. Educators should keep in mind that most real-world probiems are
interdisciplinary in nature. Schools should place increased emphasis on cross-fertilization among
disciplines, on applications of one discipline to the study of a second, and on solving problems
making use of information and ideas fiom several disciplines. The computer can help motivate this
change in educational emphasis, and it is a valuable tool in carrying it out.

Recommendation §. Computers are changing our world view, our metaphors, our ways of dealing e
with everyday issues ar 4 problems. We should be aware of ways computers are changing our

world and not lose sight of important underlying values as we adagt. Basic ideas of language,

thought, metaphor, and culture should b¢ understood by teachers and taught to students.

Recommendation 9. Open and hidden curricula should change. Those concemed with developing
or revising every existing course (or unit) should ask themselves:

*  What problems can students solve as a result of learning the content and skills of this
course?

What roles can and should computers play in helping to solve these preblems?

 How are and will these uses affect students’ ves, and what should the students be doing
about these effects?

Neither we nor anyone else can declare in adviice how the curricula should change, Lut this
book offers some hints and argues tha* these changes should be planned for.

These recommendations should centribute to three results fundamental to a successful society
in the Information Age. All educators should be, and al! students shoutd become:

+ Independert, self-motivated, self-sufficien, lifelong learners

+ Researchers, able to form and test hypotheses, and 1o make effective use of the ‘
accumulated knowledge of the human race ‘
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« Self-confident solvers of problems, well-versed in using their minds and aids such as
computers

Improving education with computer support will take a great deal of problerm solving,
planning, and work. The rest of this book provides information and suggestions that suppe-t these
efforts.

Moursund and Ricketts Chapter 1.4:
Generic Instructional Computing Goals

Executive Summa:ry

The overall lung-range planning process begins with an examination of the missions and
overall goals of the school system. Computers will contribute to accomplishing these goals, but in
many school districts increased use of computers may also lead to some modification of these
goals.

A long-range planner also needs to establish visionary goals for computers in education—what
roles should computers play in an ideal educational system? These activities lead to establishing
goals for computers in education.

Two types of goals are discussed. One is quite specific and is highly dependent on the local
situation. For example, a school might set as a goal the integration of desktop publishing into 2
parncular journalism class. The second type is more general and independent of particular school
conditions. An example would be to decide that all students will learn to do process writing ina
full word processing environment by the time they finish sixth grade. The resulting goals serve as
one basis for planning.

Goals and Plans

The recommendations we just offered came from thinking about what education should be
doing because computers exist. The goals in this chapter resulted from thinking about what
computers should be doing because education exists. These recommendations and goals will be
matenal for your own planning, so an advance organizer may help your subconscious integration
processes. The main steps are:

1. Analyze the environment: Gather and analyze data in ordr to prune curricular deadwood
and to develop planning assumptions.

2. Develop a list of agreed-on goals: Create likely goals and choose among them.
3. Write and present the goal-setting plan.

4. Implement: Choose, organize, and work on activities which lead to achieving the adopted
goals.

5. Evaluate the situation and feed results from the evaluation iito current planning.

As can be seen, the overall process combines both goal setting and implementation. These
steps are intertwined. Thus, it's easy to get confused as to which is being worked on. It's also
easy to forget wnat few computer related goals exist in isolation—they're part of a constellation of
goals that define students’ educations.

[EN]
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School Missions O

For this reason, educational goal setting should begin with an understanding of the missions—
reasons for existence—of tiie educational system. There are many books on the foundations and
philosophy of education. Any attempt to encapsule such literature will, of course, be incomplete.
This brings up a basic point upon which educational planners and their publics must agree.
Except in highly restricted situations, completeness cannot be expected of any
stated educational goal or mission. What can be expected is that such a statement
can serve as one basis for concerted action to achieve at least one purpose of an
educational system. Planners need to keep in mind why we have schools generally and the
basic educational philosophy of their department, grade, school, or district in particular. (As we
shall see, this isn't always easy to do.)

We believe every exus:ing public school district and most other educational institutions have,
not just one mission, but three semi-distinct missicns. All three affect long-range planning. They
are:

Life Our school system as an “Institution” has had 2 long existence and seeks to preserve itself.
Our educational system will strongly resist changes that threaten its existence.

Resource A school system is a repository of knowledge and ~ vehicle for the dissemination of
this knowledge. It is knowledgeable educators, libraries, school facilities and pedagogical
traditions. A school is a valuable part of the community in which it resides.

Service The bedrock mission: Schools ¢xist to educate students, often in ways othzr institutions
or people don't.

The following short list of student-orierted missions and overall goals is a composi - drawn
from a survey of tt. literature and from feecback by educadonal strategic planners. Yot ~ill want g
to modify these statenients and add to them to fit your schcol d:strict or express your personal
philosophy of education. We have labeled these statements Mission Statement (MS) 1, 2, etc., so
we can easily refer back to them.

This list does not intend to divide educ.*ion into ten isolates chunks. On the contrary, each
mission on this list plays a part in the achieving the other nine missions.

The list has two parts. The Conserving Missior.; seek to avoid waste and wrongful
destruction. So long as the Conserving Missions stay achieved, the Learning Missions underlie
good schools' agendas.

CONSERVING MISSIONS
MS1. Security: All students are safe from emotional and physical harm.

MS2. Full Potential: All swudents are knowingly working toward ¢ nieving and increasing their
healthful physical, mental and emotional potentials.

MS3. Values: All students respect the traditional valies of the family, community, state, nation,
and world in which they live.

ACHIEVING MIJSSIONS
(Cupabilities and knowledge tend to increase
and maximmum attainments will vary.)

MS4. Basic Information Skills: All studerts gain a working knewledge of arithmetic,
listening, logic, observing, reading, speaking, storing and retrieving irfornation, and writing.
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MS5. General Education: All students have appreciation for, knowledge about, and some
understanding of:

History and change.

Language, culture, and thought.

Nature.

Religion, the professed relationships between humans and a deity.

The positive artistic, intellectual, social, and technical accomplishrents of humanity.

MS6. Lifelong Learning: All students learn how to learn and have the .nquir.ng attitude plus
self-confidence which allows them to pursue life's options.

MS7. Problem Solving: All students make use of decision-making and problem-solving skills,
including the higher-order cogritive skills of analysis, synthesis, and evaluatica.

MSS. Productive Citizenship: All students act as informed, productive, and responsible
citizens of their country and the world.

MS9. Social Skills: All students interact publicly and privately with people younger than
themselves, peers and adults in a socially acceptable and positive fashion.

MS10. Technology: All students have appropriate knowledge and skills for using our rapidly
changing (Information Age) technology as well as relevant technologies developed in earlier ages.

It may be informative to see how well the recommendations in the previous chapter can be
matched with these student-oriented missions. The left side of this table is the 10 Mission
Statements just discussed. The top of the tacle are nine recorvnendations for computer related
changes in schools that were listed at the end of the previous chapter and based on the discussion
in that chapter and earlier parts of the book. Each X" means we think the column recommendation
Jirectly supports the row mission. A table like this isn't authoritat. e, but it can stimulate thought
and discussion.

AV E
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R R2 R3 R4 RS R6 R7 R8 R9

CAL (. ABOUT CBINF T.USE TROLE INTD EFF CURR
Security X
Potentiul X X X X
Values X X
Basics X X X X X X
General Ed X X X X X X
LfLnLearner X X X X X
Prob Solve X X X X X X
Prod Citizen X X X X
Social Ski X
Technology X X X X X X X

Note that the teacher-related recommendations (RS and R6) received no X's. Giving teachers
access to computers or teaching them how their roles could change does not, in itself, support any
mission directly. If teachers infuse what they have or learn into their classroom practices, any
mission might be supported.

It's important to realize that such overriding goals of education are interpreted differently in
different school systems. To take an extreme example, in some communitics particular religious
values {which are part of MS3: Values) play a dominant role, and both the use of technology and
instruction about technology may be suppressed. Other communisies may value techaology greatly
(MS10) Techrlogy) and have special, high-tech schools. As school systems wre different, so must
strategic goals be different.

Sometimes a national edict will play an major role in goal setting. For example, the United
States Public Law 94-142 specifies a number of nandicapping cond:“ions and educational
yrovisions that must be made for students having these handicapy .ng conditions (MS2). Thus
legislation has led to significant changes in special education in the United States.

Statement of Philosophy

The above list of missions states what we think our educational system should achieve.
Howevrr, school districts usually want to create and adopt a statement of philosophy. These
philosophies can be inspiring and productive when they describe the environment that will
simultaneously support many or all of the missions. That is, schools should have certain desired
and needed characteristics, or desiderata, if they're to educate their students efficientl s and well.

Chapter 3.2 Page 6




For example, fair but firm discipline will supoort MS 1-4 and 7-9. Sorae possible requisites to
i~c]ude in a statement of philosophy are:

A board and administration that builds .eacher participation into decision-making processes
Challenge in a supportive environment
Fair but firm discipline
Individualized programs, indiviacal pacing in particular
Observation of rights coupled with insistence on responsibilities
Schools that are comfortable and well-equipped
Support and participation by the community, the home in particular, in educating each child
Teachers that, among other things, demonstrate:
Appropriate communication skills witn groups and individuals
Expertise in their content areas
Liking for people, children in particular
Support for decisions of the districi

This list is by no means complete, and we don't necessarily believe that every item in it should
be included in every district's philosophy. We do believe that every district's statement of
philos. »hy should be a live document that at least implies how the district intends to achieve its
missiouls.

(Appendix 4.3, "A Code of Ethics for Computer-Using Educators," is also a source for
desiderata.)

Overriding Principles for Computer Goal Setting

All the i1deas discussed above were sommon long before computers existed. Such ideas focus
on people and societies, rather than on more specific items such as computers and related
technology. This suggests two principles to follow when developing corputer related goals.

« They should be supportive of and consistent with the adopted overall mission and goals of
education.

+ They should include additions, deletions, and modifications of the overall mission and
goals of education to appropriately reflect computer related technology and the changes
such technology is bringing.

More specifically, people setting goals for computers in education should pay particular
attention to MS10: Technology. Our educational system is in transition from an Industrial Age
system to an Information Age system. Computers are at the heart of the Information Age and are a
major change agent.

It's easy to create computer oriented goals that confl. ¢ with various interpretations of the
student-oriented goals for educaton. For example, suppose that a school system sets as a goal that
the amount of time currently devoted to teaching pape: and pencil multiplication and long division
of multi-digit numbers should be halved, that all st.dents should be provideu with calculators, and
that students should be allowed to use calculators for homework and tests.

Such calculator-based proposed changes to the curriculum hzve proven to be a controversial
.ssue. One can view this as an educational issue (part of MS4. Basic Information Skills), and seek
out the opinions of mathematicians and people who regularly use computation. In the United
States, the overwhelming response of such people is to support use of calculator. Alternatively,
one can view this as a values issue (MS3: Values). On average, both parents and e.ementary school
teachers oppuse such a calculator goal. Perhaps parents oppose it because it conflicts with the
nature of the education they received. A parent might feel: "When I was in school, we had todo a
page of division problems every day. I think it was good for me." Perhaps teachers strongly
believe that doing long division by hand is an important part of arithmetic (MS4. Basic Inforn.. tion
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Skills) and that they lack math-oriented instructional materials needed to give more emphasis to
MS7: Problem Solving.

The calculator exampie illustrates how computer related technology can affect the curriculum
and be a basis for educational change. But education is basically consers ative in nature, highly
resistant to change. Successful implementation of computer oriented goals requires paying careful
attention to the people who will have to change and/or accept the changes.

The second of the two general principles listed in this section suggests that computer educators
should aggressively seek changes they feel are warranted by computer technology. To cite an
extreme example, what do you think our schools should do as voice input to computers becomes
common and inexpensive? Stiould schools continue to place their curzent level of emphasis on
cursive handwriting? Or should there be decreased emphasis on cursive handwriting, with the time
saved being devoted to greater emphasis on process writing in a voice-input computer
environment? Most people can talk at least five times as quickly as they can write. (The same
general issue exists for keyboarding. Skilled typists can keyboard more than threc times as fast as
they can hand write.)

Problems of Education

A number of studies and reports, such as "A Nation at Risk," suggest that the A.n.erican
educational system is less than successful in accomplishing its student-oriented missior.. This
situation can be viewed as a formal problem, so theoretically one could thoroughly describe the
existing situation, state a most desirable solution or outcome, d=lineate the re ,ources and processes
available for achieving the solution, ard declare a commitment to work towaid the solution. (The
next chapter calls these four parts of a formal problem the Givens, Goat, Guideines, and
Ownership.) But actually doing that would take a whole hard disk, or more. We'll content
ourselves with a brief summary of the problem, calling it a statement of a problem situation.

The United States Educational Problem Situation

1. Givens: We have an educational system. For many students this system works well.
However, many other students drop out of this system and/or fail to achieve the educational
goals wat have been set. For example, about 15 - 20 percent of adults are functionally illiterate.
Ir some :chool districts, fully 50 percent of the students fail to graduate fror. high school with
weir matriculating class. (The average for the whole United States is about 25 percent.)

Many students seeking jobs after leaving high school are woefully unprepared for work. Many
students entering college find it necessary to take high school-level remedial courses.

2. Goals: The student-oriented r.. sion statements given earlier in this chapter summarize some
overall student-oriented goals of education. More specific, measurable objectives have been
established by state and local school districts. For example, one goal commonly agreed on is
functional literacy, vhich could be defined as the ability to read all sections of a newspaper.

3 Guidelines: Local, state or provincial, and national governments annually put a substantial
amount of financial resources into our school system. The current educational staff represents a
resource that has accrued its training and experience over a period of many years. Other
resources include school and community libraries, school buildings and other facilites,
supportive parents, colleges of education, etc.

4. Ownership: Many government leaders, parents, private citizens, school administrators,
students, and teachers feel ownership. They want our country to have a high-quality
educational system.

One way for a computer-in-education leader to begin the development of computer-in-education
goals is to consider the above problem situation. Within this problem situation the leader can seek
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to identify specific problems which computers might help solve or which are related to computer
technology.

For example, n...;onal assessment provides evidence that many students have relatively poor
computational skills. A particular school district might set as a specific goal: Three years from
now, the seventh grade students' average score will be above this year's naticnal average on a
specific standardized test of arithmetic computational skills. One possible approach to achieving
this goal would be to make use of computerized drill and practice materials throughout grades 1-6.

This problem could be approached differently. One could change the grade school math
curriculum, perhaps using different books and a different philosophy of mathematics education.
One could change the amount of required math homework. One could orient staff development
toward the problem. One could provide all students with calculators and allow their use on tests.
One could work to convince people that scores on computational tests are unimportant, and that
improved scores on problem--vlving components of the test should be the goal. (In this '-“ter case,
the problem is solved by changing the Goal. See Chapter 2.1.)

This example illustrates a major difficulty in writing a book on long-range planning for
computers in sckools. Many of the specific problems that can be addressed by use of computers
are highly dependent on conditions in particular schools. Details on how tc approach these
problems must be addressed locally.

Our conclusion is that every school district can benefit by having a cadre of computer
knowledgeable staff who are also familiar with the district. These people can view the local
educational problems in light of potential uses of computers to help solve these problems. We
recommend that every school district have a computer coordinator and that every school have a
computer representative or comoputer coordinator. Appendix 4.1, Computer Coordinators,
discusses possible duties and qualifications of such staff. For more detailed information see The
Computer Coordinator, written by David Moursund and published b: e International Society for
Technology in Education.

The approach to long-range planning given in this book is necessarily general. Rather than
focusing on specific educational problems that computers might help solve, we discuss more
general uses of computers in schools. We want to stress that both approaches are important.
Educational leaders in a school district have a responsibility to be aware of local probiems and how
computers might help solve these problems.

Visionary Goals

One approach that can be taken to setting general goals for computers in schools is to think
about how computers might help make schools better. What would be the best of all possible
educational worlds? What ccastitutes a high-quality education in an Information Age society? What
roles might computers play in moving our educational system in that direction? What is your vision
of computers in schools?

It's vital to hold such a vision in your mind when setting long-range goals for computers in
schools. Your vision will be one source of your professional drive and integrity. Of course, your
visionary goals may be quite different from those of other people. For example, we list the four
visionary goals be!low. How do ycu feel about them?

1. Education will be completely individualized to best fit the needs of each student. The
overall goal is for each student to be both socialized and self-actualized for productive and
satisfying citizenship in the Information Age. Expected achievements as a result of
schooling might well include:

Access to people and technology

Capacity to change

Conscious goals and philosophy

Internalized problem-solving will and skill
Information-locating skill

Interacting skills with people, nature, and machines
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* Joy in learning

+ Lifelong learning skills Q
* Tolerance

*  Understanding of the concept that we "ive in a global village

Educators zan model and communicate such achievements. The educational system and the staff
are humanistic (very people-oriented) but not acquiescent, and students learn to take responsibulity
for masteriig thewr mate-ial and developing their skills The educational system makes full use of 3
and 4 given below.

2 Educational interactions feature cooperative problem finding .ad solviug much more often
than fault finding and imposed decisions. Students often work together to achieve their
educational aims. Students receive specific instruction on how and when to act
competitively or cooperatively in problem situations.

3. Allstudents have unrestricted ac: .ss to compuiers, at school, home, play, and wherever
else they might want to have access.

4 The computer systems in 3 give good access to the collected published knowledge and
opinions of the human race. This includes CAL materials covering almost all possible
course areas and topics that a person might want to study. It includes computer programs
designed to help solve the types of problems that computers can help solve. It includes
applications software (computer-as-tool) and computer programming languages appropriate
to the needs of students.

Notice that these visionary goals are more general and descriptive than prescriptive. (They do,
however, support the general student-oriented missions listed earlier.) They are general enough
for disinterested discussion during early stages of strategic planning. While they lack the specificity g’
and orientation needed for detailed planning, they suggest topics and attitudes for more specific
goz1s. Notice also that the list in the middle of visionary goal I can lead naturally to scenarios or
more detailed goals.

Incidentally, much of these visionary goals could have been written a century ago, particularly
if one substitutes books or libraries for computers. However, as Chapters 1.1-3 mike clear,
computers make a pivotal difference.

Each educational leader will have individual ideas for visionary goals. But a brain.worming
session will reveal some agreement among the leaders in a particular school conimunity. Lack of
complete agreement is useful and instructive, and car lead to fruitful discussions and more realisuc
planning. For example, do you feel education should be mostly competitive or cooperative?
Research strongly supports the contention that students learn more and develop better attitudes 1n a
cooperative learning environment. But most educational systems have a significant orientaton
toward competition. That is, most educators have been raised in a competitive school environment
and accept without question that this is the way schools should be.

General Goals for Computers in Schools

We are now ready to state some general goals for computers in schools. The following list of
goals is quite broad. but is grounded in reality. That is, the goals fall between visionary goals and
practical, down-to-earth, specific goals to be accomplished during a particular mulu-year periud. In
essence, “e list consists of guicing principles or computer-related goals that one works toward
over an indeterminate period.
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You should keep in mind that the ideas given below represent our inions. While tmany
computer-in-education leaders support this set of goals, one can findl opposition to each of them.
This list can serve as a starting point f  developing the overriding oals for computers in
education in your school district. We have labeled the following list with GG prefixes, standing for
"General Goal."” Later pieces of this book are tied into the GGs.

GG1. Computer literacy. All students shall be functionally computer literate. (Many educational

GG..

leaders now consider this to be part of MS4: Basic Information Skills.) This functional
computer literacy can be divided into two major parts:

a. A relatively broad-based, interdisciplinary, general knowledge of applications,

capabilities, limitations, and societal implications of computers to be achieved by the end
of the eighth grade. This has three components:

1. Talking and reading knowledge of computers and their effects onou  “ety. (More
specifically, every discipline that students study should teach thems.  wiing about
how computers are axfecting that specific discipline.)

Knowledge of the concept of effective procedure, representation of procedures, roles

of procedures in problem solving, and a broad range of examples of the types of

procedures that computers can execute.

3. Basic skills in computer input (currently this is keyboarding, but someday the
emphasis may be on voice input) and in use of word processing, database, computer
graphics, telecommunications, and other general-purpose, multdisciplinary
application packages.

!\)

b. Desper knowledge of computers as they relate to the specific disciplines one studies in

senior high school. For example, a student taking advanced math courses shall learn
about roles of computers in the math being studied. A student taking commercial art
courses shall learn about roles of computers in the types of commercial art being studied.
Both groups of students shal'  n how computers facilitate the artistic presentation of
mathematical topics.

Computer assisted learning. Schools shall u.: computer assisted learning (CAL),
when it's pedagogically and economically sound, to increase student learning. CAL includes
dnll and practice, tutorials, and simulations. It also includes computer managed instruction
(see ¢ below). CAL can contribute to MS2-MS 10 and of course should not violate MS1.

a. All students shall learn both general ideas of how computers can be used as an aid to

learning and specific ideas on how CAL can be useful to uicm. They shall become
experienced users of these ideas. The intent is to focus on learning to learn, being
responsible for one's own learning, and being a lifelong learner. Students have their own
learning styles, so different types of CAL will fit different students to greater or lesser
degrees.

b. In situations in which CAL is a cost-effective and education ally <ound aid to student

learning or to overall learning opportunities, CAL shall be w.cd if possible. For example,
CAL can help some students learn certain types of material significandy faster than
conventional instructional techniques can. Such students should have the opportunity to
vce CAL as one aid to learning. In addition, CAL can be used to provide educational
opportunities that might not otherwise be available. A sinall school can expand its
curriculum by delivering some courses largely via CAL.
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¢. Computer managed instruction (CMI) includes record keeping, diagnostic tesdng, and
prescriptive guides as to what to study and in what order. This type of softw are is useful O
1o both students and teachers. Students should have the opportunity to track their own l
progress in :chool and to see the rationale for work they are doing. CMI can reduce
busywork. When CMI is a cost-effective and instructionally sound aid to staff and I
students, they shall have this aid. CMI can support MS1, MS2, MS4, MS5, and MS10.

GG3. Computer-as-tool. The use of computers as a general-purpose aid to problem solving
(using word processor, database, graphics, and other general-purpose application packages)
shall be integr.ted throughout the curriculum. (This relates to MS4-MS8 and MS10.
Depending on the process used, CII can also facilitate the other four MSs) The idea here is
that students skould receive specific instruction in each of these tools, probavly before
completing elementary school. The middle school or junior high school curriculum, as wcll
as the high school curriculum, should assume knowledge of these tools and should include
specific additicnal nstruction in their use. Throughout secondary school, students shall be
expected to make regular use of these tools, and teachers shall structure their curriculum and
assignments to take advantage of and to add to studc... knowledge of computer-as-tool.

GG4. Computer related courses. A high school shall provide both of the following “more

advanced" tracks of computer related course work. (These are based on MS7, MS8, a.id

MS10.)

a. Computer related course work preparing a student who will seek employment
immediately upon leaving school. For cxample, if a school has a business curriculum, the
curriculum should prepare students for entry-level employment in a computerized
business office.

b. Computer science course work (which includes computer programming) designec :o give
students a college preparation type of solid introduction to the discipline of computer
science. c

CGS. Staff support. The professional staff shall have computers to increase their productivity,
to make it easier for them to accomplish their **es, and to support their computer orientc.u
grov/th. Every school district should provide f.. staff development, and particular attention
should be paid to staff de* lopment needed to accomplish GG1-GG4 given above. (This
goal supports staff activities needed to effect MS2-MS10.)

This means, for example, that all teachers should be provided with access to computerized
data banks, word processors, presentation graphics software, computerized gradebooks,
telecommunications packages, and other application software that teachers have found useful
in increasing their producivity and job satisfaction. (Computer based communication is
becoming a avenue for for teachers to share professional information.) Computer managed
instruction (CMI) can help the teacher by providing diagnostic testing and prescription,
access to item data banks, and aids to preparing individual educational plans. The use of
computers to help prepare IEPs for special education students, now common, provides an
example of computer aid for teachers.

GG6. Long-term commitment. The school district shall institutionalize computers in schools.
Instructional computing shall be integrated into job descriptions, ongoing budgets, planning,
staff development, work assignments, etc. The school distr.ct shall fully accept that
“computers are here to stay” as an integral part of an Information Age school system. (This
goal supports MS1-MS10.)

As indicated, each of the GGs can be related to the studen:-oriented mission statements.
Perhaps the best way to summarize this is to point to the iast mission statement, MS10.
Technology. Students who are currently in school will spend their adult lives in the
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Information Age or what comes after the "nformation Age, with ever-increasing involvemert
with computer related technolog y. The GGs form the foundations for moving our schools
into the Information Age.

Long-Range Goals Addressing Specific Educational Problems

After proceeding through all of the above types of thinking and goal setting, one still doesn't
have specific computer related goals to be prioritized and accomplished during a specific time
period. The next step is to set more specific goals.

These specific goals can be divided here into two categories. First, one can develop goals
related to solving specific educational problems that exist within one's school district. Mn<t of this
section is devoted to providing some sarples of goals that a school district or school might set.

But such goals .. "zhly dependext on local school situations, leadership, and resources. The
setting of specific goals and developing plans to accomplish these goals 15 essentially the
responsibility of educational leaders in individual school districts.

Second, one can develop computer related goals that are relatively independent of any particular
school district and that are based on what constitutes an appropriate education for an Information
Age society. These can be keyed to the GGs listed above. Every school district's long range
planning should address the topics discussed in Chapters 3.1-3.7 of this book.

A few examples of problem-specific goals are presented and briefly discussed below. Think of
these as being designed for a specific (hypothetical) school district. There’s no intent that one adopt
such a list for one's own school district, since each school district has its own problems that might
be addressed by use of computers. Remember, strategic long-range planning requires careful
development and prioritization of long-range goals in light of conditions affecting the disirict.

Sample Specific Computer Related Goals

1. Within three years, all students completing the fifth grade will be able to touch keyboard
(ihe goal will be a minimum speed of 20 words per minute, but excentional cases will be
handled separately), 1.ze a word processor, do process writing, and be skilled at both
composing and editing at a keyboard. This supports the General Goal GG1-A(3) and many
other aspects of instructional use of computers. (The underlying purpose of this goal might
be to improve student writing.)

tJ

Within five years, middle and high school science courses will incorporate computers in
laboratory instrumentation. In each course that includes lab work, students will learn to use
a computer to gather data, to monitor and (when appropriate) control an experiment, and to
help process the resulting data. Cumputer simulations of science experiments will be used
when doing so improves the overal! effectiveness of science courses. This supports GG1-
B. (The underlying purpose of this goal might be to improve science courses.)

3. Within three years, the high schools will offer a computer based presentation graphics
course. The course wil. have no prerequisite and will be a half-year in length. The course
will be geared to studernts who may desire to mzke vocational use of presentation graphics
upon leaving high schoo!. At least one section will be offered each year, and more sections
if there's adequate demand. All students will have access to the graphics presentation
software. This supports GG4. (The underlying purpose of this goal might be to moderrnize
one pert of the vocational education program.)

4. Within four years, school libranies will be computerized. This means that every bound item
and many other major items will be bar coded and entered into one or more computer
system(s). The checkout systems will be computerized. Computerized catalogs will replace
card catalogs. The union catalog for the entire school district will be computerized and
available via a telecommunications system to all schools in the district. This supports GG1,
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GG3, and CG6. (The underlying purpose of this goal might be to improve the school
district's library system.)

Within three years, the high schools will offer a two-year Advanced Placement coi 1puter
science course. They will offer the sequence at least once every two years, so that aii
interested students will have the opportunity to take it during their grade 10-11 or 11-12
years. This supports GG4.

Within five years, the district will increase line item allocations for instructional computing
according to the following table. This supports all of the GGs listed in the previous section,
and especially CG6.

Dollars per student, for: Hardware Software Materials

10.

11

Year 1 $5 $3 $0.20
Year2 $8 $5 $0.30
Year3 $11 $7 $0.50
Year 4 $13 $8 $0.50
Year 5 $15 $9 $0.50

7.

Within two years, the district will catalog all compuicr software uarrently owned by the
school district and/or each individual school and arrange with tne schools for its appropriate
storage and accessibility. A mechanism will be established so that schools can borrow
software from each other. This supports a number of the GGs listed in the previous
section.

. Beginning immediately, schools will allow teachers to check out compute: systems and

soitware for the s« ~vmer. Before the next school year, the district will piace two computers
in the teacher's lo  ge of each school. This supports GGS5.

During the next year, the district electronics repair shop will gear up to do preventative
maintenance and board swap repair of the types of computer equipment we currently use in
this district. This supports all of the GGs.

Each year during e next two years, the district will offer the staff at least one course like
“Introc._ction to Computers in Education” and one like "Advanced Topics—Computer
Applications in Education.”" Both courses will concentrate on integration of computers as a
general-purpose tool in the curriculum. This supports GGS5.

During the .iexi year, each elementary principal will identify a comp:ter

coordine cor/computer committee representative for the school. Each of these people will
receive {ive days of training during . special leadership development workshop to be given
the follow:ng summer. The proposed budget for the year after next will contain a yearly
payment of $500 for each elementary school computer coordinator, and these coordinators
will have reduced obligations for non-instructional work such as supervising lunch rooms
and organizing extracurricu.ar school activities. This supports a number of the GG,
especially GG2, GG3 and GGS5.

Beginning next fall, all students in grades 3-5 shall use computerized drill 2nd practice in
arithmetic for 10 minutes a day. The following summer, the Schos® Loard will receive a
summary and description of results and hear recommendauons regarding computerized dril]
and practice. This supports GG2.
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13. Next year, participants in the fall inservice day staff development program shall be able to
have computers at least three times during problem-solving activities in their classrooms.
This supports GG3.

The above specific goals have the form "By when, who will achieve what." Chapter 2.4.
advocates use of this form and refers to such statements as objectives. Dozens or additional
objectives could be added (o this list. The development of such lists is an essential part of strategic
planning. Often such a hst of goals is developed through brainstorming sessions, perhaps in a
multi-day retreat.

Notice how we've tied each sample objective to one or more GGs. Since the GGs can be tied
to the mission and overall goals of education, we've created a chain of logic that can e used to
justify or "sell" the goals. But we haven't tied each objective to a specific local problem. Only
people who live with the problem can do this.

For example, the first objective discussed above is to teach elementary school students
keyboarding and process writing in a word processing environment. The local problem may be that
student writing is unsatisfactory and that not enough emphasis is placed on writing. The school
district setting this goal may be convinced that it represents a cost-effective solution to improving
student writing skills.

The second objective concerns use of computers in science labs. The specific problem might be
that the science labs have become somewhat out-of-date, and the school district desires to bring
these labs into the Information Age.

The third objective is to offer an computer based presentation graphics course. One sperific
problem being addressed might be to prepare students for full- or part-time jobs in modern small
businesses.

The examples above inicate that there are two important approaches to justifying goals for
computers in education:

. Appeal to a general mission statement for education and to some gene. .l goals (GGs)
for computers in education. Computers support one or more mission(s).

« Demonstrate how sp cific computer-in-education goals address specific " lems in the
district. Computers will help overcome a difficulty.

These approaches are not mutually exclusive. Ideally, planners will be able to use more than
one approach when seeking support for a goal.

When goals are discussed, it may alsc become evident that adoption of the goal will augment
the district's resources or make things generally better. These results are welcome and may be quite
significant, but the two approaches above are critical when presenting non-trivial plans to decision
makers.
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Sweeney, Jim. Tips For Improving School Climate. American Association of School
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Ten essentials to a winning school climate are:

Achievemen:

A sense of family

A supportive, stimulating environment

Closeness to parents and community

Communication

Feedback

Positive expectations

Rewards

Student-centered thinking—What's best for the kids, individually and bsllectively?
Trust
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A second component of Needs Assessment i.. determining the detailed needs of potential
participants. That can be done by survey questionnaires, informal discussiors, and inicrviews.
Several forms that might be usc. for this purpose are given on the fc-lowing pages. These were
developed for use in the NSF project TEI 2550588 ard field tested during 1985-§8. Professor
Dick Rankin was the project evaluator and contribute! substandally to the development of the
instrumentasion given in the remainder of this part of the book.

Research strongly suggests that the school principal is a key change agent in the elementary
school. At the secondary school :evel one or more of the administrators ace key change agents. If
teachers are to change, it is most helpful if they have the encouragement aud support of their
administration. It is quite desirable to have the administrators participate in the _nservice alongside
of the teachers. In any event, it is helpf.:1 1o the inservice facilitator tc have knowledge of what the
school administrators know about computer use in their school, and their attitude toward computer
use. This information might be gained through use of the Principal Interview Form given on the
next page.
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Principal Interview Form (Needs Assessment)

Name: ___

School:

Date:

Principal interviews are conducted as part of the needs assessment. The idea is to interview the
principals (or other high level school administrators) in the schools of the inservice participants.
Ideally, the people oeing interviewed would also participate in all of the inservice sessions, or at
least 1n a significant number of them. Research suggests that this is highly desirable if the intent is
that the nservices will lead to changes in the classroom. School administrators are key educational
change agents. Unless they give open and strong support to teachers working to make change in
the curriculun, relatively little change is apt to occur.

One typically begins an interview by explaining it, purpose and what the information will be
used for. The person being interviewed should be assured that the informadon will be cornfidentiai.
Some people doing interviewing find it desirable to usc 2 tape recorder. If this 1s done, be sure te
ask the interviewee if he/she minds being recorded. Since direct quctes of the answers are not
needed and many peogpie feel uncomfortable talking into a recorder, it is probably better to not
make use of a recorder.

When several people are to te interviewed for the same purpose, it is helpful to have a script or
a sequence of questions that all will be asked. However, feel free to deviate from the script in order
to follow up on important issues.

1. V/hat do you perceive are the most pressing needs related to the use of computers in your
<chool? (N~te: Presumably the interviewee knows that your orieniation is toward
instructional uses of computers. However, you might find that the answer provided is
onented toward administrative uses. If 0, you might want to try this question again, but
emphasizing instructional uses.)

tJ

Please describe the role and duties of the computer coordinator or computer building
representative at your school. (If there is no such person, probe to find the name of the
person who tends to do the most in helping th  chool make instructional use of
computers. )

3 Please describe some 1 the instructional uses of computers currently occurring at your
school.

Chapter 3.2 Page ‘17.'




. What computer equipment is available for use by students aad teachers at your school?
How is it situated?

. What training has your staff har in the use of computers? What training have you had?

Does your school have a writien set of long-range plans for instructional use of computers?
(If yes, can you provide me with a copy?)

. Dces your school district have a written set of long-range plaas for instructional use of
computers. (If yes, can you briefly describe the plans?)

. Are there other important things I should know about instructional use of computers 1,
your school that would be helpful in Jesigning and conducting inservice for your teachers?
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School Site Information Sheet (Needs Assessment)

@Yore: It is ofien quite desirable to hold inservice sessions in the schools of the participants. This
form 1s designed 0 aid in collection of information about the computer facilities available in a
school that might be available for inservice sessions and/or that might be available to inservice
participants for their personal use and use with their students.)

Site Contact Person

Which equipment is 2vailable?

Whean is equipment available?

Where is equipment available?

What 1s the procedure for organizing or ob .aining equipment for use in the classroom?

What is the procedure for securing use of the lab?

What softwan: is available?

How is it obtained?

Time schedule? (Obtain a copy of the school and its teachers’ ime cheaule.)

-

(4
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Participant I..“ormation (Needs Assessment)

Name:

School:

Note: This instrument is designed to be filled out by educators who might be interested in
participating in a computer inservice. One way to make use of this instrument is to meet with the
teachers in a school who have expressed some interest in an inservice. Discuss the nature of the
types of inservices that might be possible. Answer their questions. Then have each person who
might be interested in participating in an inservice fill out the following form. Assure the te.chers
that the results will be confidential.

This f rm is relatively similar to one of the for.ns given in Chapter 3.4 Summative Evaluation.
Residual » (ect of the Inservice on the Participancs. Summative evaluation requires that one have
baseline . ..a to compare against. Often it is best tc gather that baseline data before the beginniag of
the inservice, or very early in the jnservice.

Instructions:
For numbers 1-5 below, please circle yes or no.

1. Have you requested that your school or depa.tment purchase any software
within the last year?
YES NO

2. Have you used the school district’s software preview center within the past 12 months?

YES NO

3. Does the irtegration of the coraputer in educatior change the priorities of what should he
taught in the curriculum?
YES NO

4. Do you plan to purchase a personal computer within the next 12 months?

YES NO
5. Do you have a computer in your home? YES NO
If you circled YES,
(a) What brand and model is it?
(b) Do you bring it into the classroom? YES NO

~
o}
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Instructions:

For numbers 6-14 below, please write a brief answer.

6.

10.

11.

12.

List the subject areas in your curriculum where you think computer use currently
benefits your students. (Give specific examples of major topics or particular courses that
you teach.)

. List the computer applications you think curreniy denefits your students.

List the subject areas in your curriculum where you think computer use currently
benefits you.

. List the computer applications you think currently venefit you.

List the areas (not necessarily in your classroom) where you might usz a computer (1e.,
any kind of personal use, recreation, database, gradebook, etc.).

List the names of the computer programs/packages (titles} you have ordered or requested
to be ordered for educational/school use in the last year.

List the names of the top five computer programs/packages (titles) that you use or have
used most frequently with your students.

-

A\
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13.

14.

(a) List the names of the top five computer programs/packages (titles) that you use in
your role as an educator or for personal use.

(b) Indicate the approximate number of computer programs/packages you use with
your classes.

(c) Indicate the approximate number of compcter programs/packages that you use for
personal use.

What kind of inservice or workshops would you like to see in the future? «what

characteristics and content would they have tu have so that you would probably participate
on a voluntary basis?
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Chapter 3.3
Formative Evaluation

Formative evaluation is designed to gather information during an inservice to allow midcourse
corrections. Much of this may be done in an informal fashion, for example through observation of
participants during the inservice sessions, by talking with participants during breaks, and by
paying careful attention to the types of questions participants ask during the inservice sessions.

However, if an inservice extends over a number of sessions, it is desirable and quite useful to
do a formal formative evaluation. A sample instrument for doing this is discussed in the next
secaon. It was designed specifically for an inservice to introduce secondary school science teachers
to use of computer-as-tool. However, it can easily be modified to fit other computer inservices. A
sample of such a modification, designed to fit a social studies inservice, is provided later in this
chapter.

The material which follows was written for use in the NSF project TEI 8550588. It was first
published in Computer integrated Instruction Inservice Notebook: Secondary School Mathematics,
published by ISTE.

Questionnaire specifications: The instrument given in Table 1 was used to evaluate 2
computer workshop designed for a mixed audience of absolutely novice and more experienced
users of computers. All were middle school and high school science teachers. The main long term
goal of the workshop was to increase the use of computer as a tool in the science classes taught by
the participants.

The goals of the questionnaire were to evaluate the technical quality of the delivery, the specific
action of some of the components, and whether the participants were able to see the major goal of
the workshop. You may want to skim-read the questionnaire, and then come back to this
discussion. The small letter m bereath the response rows was the mean response of participants in
one particula.” workshop.

There were a few questions aimed at spexific problems such as the effect of computer labs on
mnstruction and the problems that participants may have had shifting to an unfamiliar computer
(While a number of participants had encountered the Macintosh before, relatively few had
substantial experience with this machine.)

Questions 1, 7, 14, 15, 16, 18, 20, 22, and 25 are directed to the delivery of the workshop.
Question 25, I would recommend this workshop session for other teachers, is particularly
important. If the responses to these questions vere negative, then there would have been the r2eu
for extensive soul searching and a change in direction.

Questions 4, 8, 10, 11, and to some extent 9 are directed to the type of programs being
presented in the first half of the workshop. In these sessions the general presentations covered
using the computer and databases. This was what was being taught, it was not negotiable.
Negative responses to these questions would have led to a rethinking of the delivery system, not a
re-emphasis on other materials.

Question 2 and 4, are directed at the general idea of the workshop. These questions were
covered more thoroughly in the evaluation at the end of the workshop.

)
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Question 23, 24, 27, and 29, were directed to some problems revolving uround transferring
from Apple to Macintosh computers. Question 26 was very specific because the evaluator noticed
that some of the participants seemed to be having difficulty with the mechanics of typing.

In summary: We expect to ask questions focused at the content of the workshop. We expect to
take a very brief look at the effectiveness of the delivery systems which include the quality of the
teaching and the programs demonstrated.

Results: Table 1 presents the evaluation instrument and sample data collected about halfway
through an eight session inservice. The relevant information to examine is the median responses to
each of the items 1-25. It is well not to overwhelm the user of the data with statistical excesses
from packaged programs. The inservice facilitator may be able to modify the inservice sessions 1n
response to major deviations from what was «nticipated. Medians, rounded to he nearest 3,
suffice for this purpose. Of course, some inservice facilitators will want to see more detailed
statistics. We have not included additionai statistical data here, but the evaluator of the project
provided as much detail as the facilitators desired.

Output in the form of Table 1 contains information that is very helpful. In particular, question 3
reveals that participants see the ability to use computers mors in the future as being enhanced. It1s
quite apparent that the overall evaluation of this workshop is good. The participants feel more
confident with computer (Q1), find the material worthwhile (Q14), and see the workshop as
relevant Some of the texture of the situational setting can be found in the participants responses 1o
the questions about availability of computers (Q21 and Q13). Those delivering the workshop
should be prou:! of the responses to Q14, the binder and handout materials are useful; Q16, the
workshop lived up to my expectations; and Q25, I would recommend this workshop to others.
Responses to all these questions are near the top of the scale.

There are worries; Q2 indicates that they are not using the ¢ ;mputer more. Q9 and Q11 indicate
that more time should be spent on why databases are needed and the game of the week.

It is important to remember why this particular workshop was selected for illustration. It was
the first time the science inservice was offered to a group of teachers, and it was the first time the
inservice facilitator was in charge of such an extensive inservice series of sessions. Diffecent
computers were vsed (that is, Macintosh computers instead of the Apple 2 computers that the
participants might have anticipated). The second presentation of the material (that is, a replication
of the inservice series done the next year) showed that the providers made some changes that were
reflected in the participants responses. The evaluator does not recommend cross groups
comparisons because conditions and clients are not constant.
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Science Inservice Evaluation Instrumert (This is Table I)
(Note. This nstument was designed to require about 20 minutes to complete. The small letter "m”
1n the response field indicates the Mean Response of a group of scieace teichers who were
participating in a sequence of eight two-hour computer inservices.)

Instructions: Please take about 20 minutes of your time to fill out the form. It s designed to L.:1p
us assess the quality and effectiveness of the inservice, and to improve it. All responses will be
confidenual. Only summary statistical data and responses that cannot be used to identify specific
participants will be provided to the inservice facilitator.

A response of 1 indicates that you strongly disagree with the statement, a response of 5 indicates
that you strongly agree with the statement, and a response of 3 is neutral.

Disagree Agree

1. I feel more competent with computers than I did at the start 1 2 3 45
of this workshop.

2. I am using computers more with my students than I did 1 2 3 4 5
at the start of the workshop. m

3.  As aresult of this workshop, in the future I will be able to 1 2 3 4 5
use computers more with my students. m

4. Icansee ways to integrate the programs demonstrated in 1 2 3 4 5
the workshop into my curriculum. m

5. As aresult of this werkshop, I have found programs not 1 2 3 4 5
demonstrated in the workshop and integrated them m
into my curriculum.

6. Ihave been able to interest other teachers in what we have 1 2 3 45
been doing in these workshops. m

7.  The sessions contain too much information to 1 2 3 4 5
absorb comfortably. m

8. I would like to see some programs demonstraced that are 1 2 3 4 5
directly related to science. m

9.  The Came of the Week has been helpful. 1 2 3 4 5

10. The sessions have helped me recognize non computerized 1 2 3 4 5
database applications in my classroom. m

11. [Ifedl that databases have a legitimate role in science 1 2 3 4 5
classrooms. m

12. Time should be spent exploring practical problems like 1 2 3 4 5
getting students to the computers. m
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

The greatest block to using computers is lack of access.

The contents of the binder (the handouts) is worthwhile.

The workshop activities are relevant to my current
classroom needs.

This workshop has lived up to my expectations.
I have learned a great deal about computers from other
participants in the inservice.

We should take more time to explore the programs
that we have seen in the workshops.

The instructers should have spent more time assessing
existing computers skills in the group of participants.

The written materials clearly explain the software that
we are using during the workshop sessions.

The district emphasis on computer laboratories for word
processing limits access to computers at those times I
might use themn for science.

Disagree

»a

The progress of the workshop through the computer pro;gmms 1

we have explored is slower than I would have liked.

Transfer (of my previous computer knowledge) from other

co.nputers to the Macintosh was relatively easy for me.

Learning the mechanics of using the computer is more the
responsibility of the individual teacher (via working outside
of the workshop) than it is of the workshop facilitators during

workshop sessions.

I would recommend this workshop for others.

4 [
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4 5
m
4 5
m
4 5
m
4 5
4 5
4 5
4 5

m
4 5
m
4 5
4 5
4 5
m
4 5
m




Instructions: The following four questions can be answered Yes or No. Please circle your
choice.

(Note to reader: The percentages given are data from the same group as above.)

26. Iam areasonably competent touch typist. Yes 67% No 33%

27. I was familiar with the Macintosh computer before Yes42% No58%
the start of the workshop.

28. The bulk of the material we have covered was familiar Yes 25% No 75%
to me before the start of the workshop.

29. I was familiar with the Apple II computer or other computers Yes 67% No 33%
before the start of the workshops.
Instructions: Please provide brief responses to the following questions. Use the back of the page

‘f necessary.

30. Whatis the most positive aspect of the workshop?

31. What are the factors most needing improving?

32. Please write up three idzas that you think you have picked up that may be directly applicable
to your classes.

33. Any other comments you would like to make would be appreciated.

Table 1: Science Inservice Evaluation Instrument

£
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Social Studies Inservice Evaluation Instrument

Note: The form given below is quite similar to the Table 1 form used with science teachers. It
illustrates how to adapt that form to other groups of teachers. The sample form provided here was
designed for use in an inservice for secondary school social studies teachers.

Participants should be assurcd that their answers will be kept confi . ntial and will have no
bearing on their grade in the inservice, if grades or other requirernents have been established for
satisfactory completion of the 1nservice. It is desirable thar *his form be administered by someone
other than the inservice facilitator and that the results be compiled by someone other than the
inservice facilitator. The inservice facilitator should only receive summary stadstical data and
participant comments that cannot be associated with specific participants.

We are interested in your overall evaluation of this workshop. For numbers 1 - 34, please circle the
number that best describes your attitude. If you agree with the statement circle 5 for agree. If you
disagree with the statement circle 1. Circle 3 if your atdtude towurd the statement is neutral.

Disagree Agree

1. I feel more competent with computers than I

did at the start of this workshop. 1 2 3 4 5
2. My students have increased their classroom use

of computers as a result of this workshop. 1 2 3 4 5
3. Lack of student access to computers is the greatest

block to my integrating computers into the

curriculum. 1 2 3 4 5
4. I feel competent integrating the software programs

and activities demonstrated in the workshop into my

teaching. 1 2 3 4 5
5. T'have sought out and located software

programs not demonstrated in the workshop

and integrated them into my curriculum. 1 2 3 4 5
6. lhave been able to inteicst other teachers

in what we have been doing in these worxshops. 1 2 3 4 5
7.  Too much information was presented during the

sessions to absorb comfortably. 1 2 3 4 5
8.  I'would like to see the workshop demonstrate

software programs and activities more directly

related to my content area. 1 2 3 4 5
9.  Time should be spent exploring practical

problems like getting students to the computers. 1 2 3 4 5
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10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

As aresult of this workshop I will increase my
instructional use of computers with my students.

The contents of the participant notebook and handouts

will be useful in planning and developing computer
reiated activities for my classes.

I have started collecting computer software disk<.
This workshop has lived up to my expectations.

I have learmed a great deal about computers
from other participants in the workshop.

More time should have been set aside for participants

to explore the software programs and materials
demonstrated during the workshop.

The written inaterials clearly exp:ain how to move
through the programs.

The progress of the workshop is slower than
I would have likec.

The information presented in the sessions is
relevant to my classroom.

I would recommend this workshop to other
teachers.

I am not convinced that computers will
increase student achievement in my content
area.

I now talk more to other teachers about computers
than I did at the start of the workshop.

Money for computers should be shifted from
other areas of the school tudget.

The instructois shonld have spent more time
demonstrating a greater variety of software.

The greatest block to my using computers in
the classroom is my philosophical disagreement
with their worth in my content area.

The progress of the workshop is faster than I
would have liked.

[
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26. Lack of teacher access to computers is the greatest
block to my using computers. i

tD
w
S
Lh

27. 1 would like a workshop leader (o come into my
classrocm and demonstrate a lesson usirg the compute.
as an instructional tool. 1 2 3 4

Lh

28. I feel more comfortable using computers with my
students than I did at the start of the workshop. 1 2 3 4 5

29. Tam willing to have someone come into my classroom
and observe me using computers with my students. 1 2 3 4 5

30. I am more incliner .0 let students use computers
to develop an understanding of concepts and ideas than I
was at the start of the workshop. 1 2 3 4 5

31. I would have liked time during the workshop to
modify a-d/or develop computer activities for use in
my classroom. 1 2 3 4 5

32. I would prefer that -*! workshop participants be
teaching \he sam= covrses and grade levels. 1

[
w
S
Lh

33. Ifounditeasy to get access to computer @
hardware and software between sessions to trv out
ideas we learned in the workshop. 1 2 3 4 5

34. 1 would be more likely to use computers if there
was a computer resource person I could consult
with at my school. I 2 3 45

For Questions 35 - 40 circle, please circle yes if you agree with the statement and no if you
disagree with the statement.

35. T have spent more titne watching others use the
computers in the workshop than I have spent in
using them myself. Yes No

36. The goal of this workshop should be developing
teacher skills in the practical use of the compuies. Yes Ne

37. 1 felt pressure to attend this workshop from other
sources. Yes No

38. I would rather spend more time with the computers
and less time concerning ourselves with issues
such as other resources in the school. Yes No
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39. The goal of this workshop should be developing an
understanding of how to integrate computers into my
content area. Yes No

40. I have increased my understanding of how to use computers
as a problem solving tool as a result of this workshop. Yes No

For numbers 41 - 43 please . ..cl: the number the best describes your atd tude toward each or the
software programs listed. If you think the program was excellent cixcie 5 for excellent. If you think
the program was poor circle 1. Circle 3 if your attitude toward the program is neutral. Please do
not refer to your handouts or notebook, we are interested in how you remember these software

programs.
Poor Excellent

41. United States Database 1 2 3 4 5
42. North American Database 1 2 3 4 5
43, President Elect 1 2 3 4 5
44. The Other Side 1 2 3 4 5
45. U.S. History 1 2 3 4 5
46. Easy Graph 1 2 3 4 5
47. MECC Graph 1 2 3 4. 5
48. Bank Street File ’ 1 2 3 4 5

DPlease write brief answers to the following questions.

1. Has the workshop been reievant to your needs?

2. Has the workshop been organized in a way that facilit ited learning? If not, how can we
improve it?

3. Please wrn 4 short description (2 or 3 sentences) of what you percei: e as the purpose of the
workshop.

[N

AL
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4.  Identify the most positive aspect(s) of the workshop.

5. Please describe two or three ideas demonstrated during the workshop that are directly
applicable to your classes.

6. What can we do to improve this workshop and others like it?

7.  Please feel free to make any general comments about the inservice.

Table 2: Social Studies Inservice Evaluation Instrument
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Participant Log Sheet

Note: It is commcn 10 T, ..ot participants to keep a caily log of their computer use and related
activines during the weeks of the inservice sessions. These are to be turned in each week; they may
provide the inservice facilitator with valuable formative evaluation information. Sorrv facilitators
will use logs only for formative evaluation of the inservice series, while others may also use them
in evaluating individual participants. In the latter case, the facilitator should expect that some of
what is written on the log sheets was written to fit the perceived needs of the facilitator.

Name Daic

Please use this form to record all »f your computer related activities, both at schoo ind at
home, during the week. This log sheet is not used for grading purposes. Its purpose is to provide
formative evalnation information to the inservice facilitator.

Monday

Tuesday

Wednesday

Thursday

¥riday

Weekend

Use back of sheet for notes, additional comments, and questions you would like
to ask the inservice facilitator.
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Chapter 3.4
Summative Evaluation:
Perceived Quality ard Effectiveness of the Workshop

This section contains five forms that can be used to evaluate perceived quality and effectiveness
of the workshop. The first gathers Demographic Information. It might be used before the first
inservice session, or during the first inservice session. The second might be used at the beginning
and end of a one-shot inservice or a sequence of inservices. The remaining three are designed for
use at the end of an inservice. All five forms have been adapted from forms developed by
Professor Phil Browning of the University of Oregon.

Training Program Evaluation

(Thus form 1s based on the work in Philip Browning's The Impact of Nationwide Training Programs ‘o
Promote Self-Advocacy, and revised with per.nission of the author. Philip Browning is a professor in the
College of Education at the University of Oregon, Eugene, Oregon 97403.)

Identifying Information

Name:

Address:

Home Phone ) Work Phdne
Age Sex Highest Degree

Employment Status (check one)

Full Time Part Time Volunteer ___

~mgloyer:

Job Title:

Major Job Duties:

Number of Years of Work Experience:

5

Vs
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Participant Gbjectives

We are interested in why you are participating in this workshop. Please state as briefly and
specifically as possible what you would like to gain from this workshop. At the end of the
workshop you will be asked to indicate how well each of your objectives was met.

Objective: Uitmet Met
1. 1 2 3 4
2. 1 2 3 4
1 2 3 4
1 2 3 4
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Workshop Facilitator Objectives

We are interested in how well yeu think each of the following objectives of this workshep was
met. These ase the objectives used in the overall design of the workshop.

Objective Un.net Met

1. Participants have increased knowledge 1 2 3 4
on how to design and conduct staff
development for integration of
computer-as-tool into the curriculum.

2. Participants have increased knowledge 1 2 3 4
and understanding of roles of computers
in problem solving.

3. Participants have increased knowledge 1 2 3 4
and ur “erstanding of long-range
planning for computers in schools.

4. Participants have increased ability 1 2 3 4
to use discovery-based and group
discussion techniques in the
workshops they conduct.

5. Participants had fun . 1 2 3 4
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Overall Program

We are interested in learning how you perceived the "overall" workshop in terms of the content,

presentations, and presenters. Please rate each o "the areas below.
Content Low High
New . 1 2 3 4
Relevant 1 2 ? 4
Practical 1 2 3 4
Presentations Low Higl
Clear Cbjectives 1 2 3 4
Organized 1 2 3 4
Involving 1 2 3 4
Presenter(s) Low * High
Informed 1 2 3 4
Articulate 1 2 3 4
Well Prepared 1 2 3 4

Comments:
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Participant Change

We are interested in learning what changes have occurred for you as a result of this workshop.
Please rate your perceived degree of change in each of the four types of change.

Type of Change

Informational (gain in
knowledge, understanding,
awareness)

Behavioral (gain in skills,
ability to apply information)

Attirudinal (change in beliefs,

pecceptions, values)

Motivational (increased drive,

desire, incentive)

Comments: Please discuss other job-.eiated change; that you

workshop.

Low Degree

of change
: 2
1 2
1 2
1

Coeae

£
¢ A
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Chapter 3.5
Summative Evaluation:
Participant Change

Remember, the overriding purpose of the inservice is to improve the quality of education being
received by stadents. Thus, we want and expect that inservice participants will change their
classroom behavior to reflect ideas and conter: presented and practiced during the inservice
scssions. In. this chapter we briefly discuss some ways to obtain information about pasticipa:
change. Some of the instrumentation given in this chapter was developed vy vivian Johnso
part - her Ph.D. dissertation research in evaluating the NSF projc t TEI 8550588 inservice
sessions.

We know from extensive . ssearch that one-shot inservices produce li:tle or no change in the
vast majority of teuchiers. Of course, there are sometimes a few exceptions. A few percent of any
large group of teachers will be early adopters. They wiil be qu: k to seize on new ideas and try
them out in their classrooms. They may mz¥ 2z major changes in their classroom behavior based on
a modest amount of inservice.

As far as the fiel." of use of computer as-tool in the classroom is concerned, the early adcpters
may well have getten started years ago. They are most likely the ones that are now organizing and
conducting inservice sessions. The participants in a current ¢, pical comy uter inservice currently are
not the early adopters. If the goal of the inservice is to produce change in the classroom behavior of
these teachers, a sequence of inservices and other support will be needed, and this must extend
over a long period of time.

Relatively few inservice projects track participants af.er the inservice ends. They do not attempt
to see 1if participants ¢ implementing the ideas and content from the inservice sessions. There are
many reasons for this. Most common, of course, is ime and money. The ir...rvice facilitator may
not have the time and money to do such follow up summative evaluation. Another common factor
is that teachers do not like tc be evaluated.

Because teachers do not like to be evaluated, the summative evaluation being discussed here
should be done discretely, in a non threatening manner. Remember, the goal is to determine the
effectiveness of the inservice. Data collected should remain confidential. The data should not be
uscd to evaluate the workshop participants. (The goal is to evaluate the workshop, not the
workshop participants!)

The forms provided here might be us=d weeks, menths, or even a couple of years after the end
of the inservice sessions.

—~
UV
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Computer Attitudes Survey

Name:

School:

(Note: It is relatively common to administer an attitude scale before and after an inservice, and
perhaps a third "me for long term follow-un. This is done as part of the summary evaluation of an
inservice. A for all collections of evaluative information, partic.pants should be reassured that the
information collected . ill be confidential and wi™* not affec. their grade in the .nservice. Ideally,
this survey form would be admini: :red, collec  and analyzed by someone other than the

inservice facilitator.)

Instructions:

Please circle the number that best describes your attitude. If you strongly agree with the statement
circle 1 for strongly agree. If you strongly disagree with the statement circle 5. Circle 3 if your

attitude toward the statement is neutral.

Strongly
Agree

Computers can irnprove learning of higher order skills.
Computers will improve education.

Computers can improve drill and practice.

Computers will create jobs needing specialized training.
Computers will improve hzalth care.

A person today cannot escape the influence of computers.
Computers will displace teachers.

Computers will dehumanize society.

Computers can teach better than teachers.

Computers are beyond the understanding of the typical person.
Computers will replace low-skill jobs.
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Strongly
Disagree
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Scale from Computer Attitudes Factor Structure deveiuped by Bannon, Susan H., Marshall, Jon C., and Fluegal,
Susan in Cognitive and affective computer atutude scales. A val.dity study. Educational and Psychologieal

Measurement, 45, 679-681.
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Ease of Use Attitude Survey

Name:

School:

Wore: This attude survey form could be administered concurrently with the Computer Attitudes
Survey. For many teachers, their attitude toward ease of availability and access of computer
software and hardware may be a major determining factor in whether they ma' : instructional use
of computers for themselves and their students. Note, however, that if use of this form in a
summative evaluation detects a change in teacher attitude over time, the change may not necessarily
be related to the inservice. For example, it could be that the teacher's school purchased a lot more
computers!)

Instructions:

The following activities relate to the ease of using computers and software in your curriculum and
classroom. For numbers i-7, please circle the number that best describes your attitude towards
each activity. The scale runs from 1 (Very Difficult) to 5 (Very Easy).

Very Very
_ Difficult Easy
1.  Obtaining a compnicr and
monitor for use in my class is 1 2 3 4 5
2. Obtaining the proper software is 1 2 3 4 5
3. Scheduling the use of the
computer lab for my class is 1 2 3 4 5
4.  Obtaining time for setting up
the computer in my class is 1 2 3 4 5
5.  Obtaining time for learning how
to use and review new software is 1 2 3. 4 5
6.  Obtaining time for using the
computer within the present
curriculum is 1 2 3 4 5
7.  Using a computer and software .
in my class is 1 2 3 4 5
8.  The number of machines available for use in my classroom s

9. The number of teacher(s) who share the available machines is
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[nservice Participant Focused Interview C
(Long form, for an in-depth interview.)

Site: Date:

Subject: Researcher:

Introduction

furpose Thus interview is part of the computer inservice follow-up. The interview

is 1 major source of data to help us determine the residual effect of the
in service you completed.

Topics to be wnterview questions will briefly cover the following (.pic~ your

covered teaching vxperience, your experience with computers, feanmres of the
inservice, your atutude and expectations about using computers in
education, and how completing the inservice affected you. If there is **me
available at the end of the interview, please feel free to go back and
provide more detail on specific questions.

Ethics I would like to tape record this interview only for the purpose of
validating the accuracy of my questions. The taped interview will be
heard by only myseif and "X" (list and other names and explain why they
may also listen to the recording). Your name will never be mentioned,
nor will any particular response be connected to you. In addition, you
may turn the tape recorded off at any time. g

Concemns of Do you have any questicns or concerns before I begin?
respondent
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e Experience (Time allocation 5 min.)
Teaching 1I~w long have you been teaching (brief)?
Computers Briefly describe your experience with computers.

If experienced, what brands of computers do you feel comfortable

using?
— Apple . IBM
_ Atan _— Radio Shack
___ Commadore (PET) ____ Other (Note Brand)
___ Macintosh ___ Other (Note Brand)
Inservice (Time Allocation 5-7 min.)
Features
Content What did you perceive as the subject of the service you completed?
Positive What were the features that made the inservice
features work best for you? Examples?
(As a backup, shes list of inservice features and ask: Do you remember
any of these features?)
Limitatdons What features of the inservice limited its success?
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Changes over
time

Attitudes
and Expectations

Computers
in education

Teaching

Effect on
studernts

Reason for
inservice

(As a backup, show list of features and ask: Others say these features are
the most important, what would you add or delet2? Did your inservice
have these?)

Would your answers have been different just after
you finished the inservice?

(Time allocatior 10 min.)

What do you thiztk we should be do:ng with
computers in education?

Probe to elicit teachers’ perceptions in the following areas: appropriate
uses of computers

enrichment ____ remediation
regular instruction
If t-me permits suggest teachers describe some specific examples of

appropriate uses.

What would you like to be doing with computers in your own classroom?

What effect will classroom use of computers have
on your students?

How will they respond? What will they learn?

Why did you sign up for the inservice?
Was it voluntary? __yes __ no

Chapter 3.5 Page 6




Anticipated
QOutcomes

Qutcomes

Expectations

Knowledge

and Skills

Teaching

Students

What did you hope to learn? What did you hope
to be able to do?

(Time allocation i5 min.)

Did you learn what you hoped to learn?
Why? Why not?

Describe what you learned? What facts and skills?

Did the inservice affect the way you teach? Either
how you teach or what you teach?

Name the computer applications that you feel are the most beneficial to
your students?
(Provide only word processing as an example of a computer application.)
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Plans

Problems

Changes
in inservice

Final
Instructions

Have you seen changes in your students since using computer* in the
class?

(Possible examples: student attitude towara school, toward leamning,
toward subject matter.)

What do you plan to be doing with computers in the future?

What factors influence your cheice to use or not use computers in your
classroom?

(If participants have difficulty answering this questions—suggest they
think about the following: access to computers, time issues, support from
school administration, ctc.)

What problems have you had trying to use computers that the inservice
did not prepare you to solve?

How would you change the inservice?
(Omit if time becomes a problem.)

We are at the end of the interview, is there anything else you wo .1d
like to mention or a question you wish to go back to?

Please thank the individual for his or her time and input and
teli them they have been very helpful.
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Inservice Participant Focused Interview
(Short form, for a brief interview.)

t.ame:

School: _

Date:

Instructions:

Instruct the participant to answer the following questions as briefly as possivle.
(Note: Use the sams confidentiality discussion as is given with the Long Form.)

[
.

Describe the purpose of the computer inservice.

2. State why you participated in the computer inservice.

3. List three changes, in you as an individual or teacher, that can be attributed to your
participation in the computer inser . ice sessic <.

a)

b)

)
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10.

Identify the three mc;t irnportar.n experiences that occurr d during the training.

a)

b)

List the subject areas, identified in = training, where computer use tenefits your
students.

.ist the computer applications, idertified in training, that benefit your students.

List the subject areas, discussed in training, where you think computer use benefits
you.

List the computer applications, utilized in training, that benefit you.

Do you feel you know enough abour computers to m.. . effective use of
them in your tzaching?

How has the non-computer content of vhat you teach been affected by your increasing
cumnputer kiowledge?
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Computer Inservice Project Loeng Term Asscssment
(Questionnaire.)

Name:

School:

Date:

Instfuctions for Part 1.
For numbers 1-9 below, please circle yes or no.

1.
2.

Do you still have, use, or reference the computer inservice handouts/materials?
Frior to the computer inservice, was there an in-school compu:ar “nterest or suppori gioup at

your school?
YES NO

Following the ompletion of the inservice sessions, has a computer interest or support group
been formed?
YES WO

Have you requesied that your school or department purcHase any software within the last
year?
YES NO

Do you use the 3:hool district's software preview center?

YES NO
Do you have a computer in your home? YES NO
If you circled YES,
{(a) What brard and model is it?
(b) Do ,ou bring it into the classroom? YES NO

Do you plan to purchase a personal cotnputer within the next 12 months”

YES NO

Does the integration of the computer in education change the priorities of what should be
taught in the curriculum.?
YES NO

Cliapter 5.5 Page 11

F<o

L4




10.

11.

Lo you feel that you know enough about computers to make effective use of them in veur
teaching?
YES NO

(a) List the names of the top five computer programs/packages that you use either in your
role as an educator or for personal use.

(b) Indicate the approximate number of computer programs/packages you use with your
classes.

(c) Indicate the approximate number of computer programs/packages that are for your
personal use.

List the names of the top five computer programs/packages (titles) that you use or have used
most frequently with your students.

Chapter 3.5 Page 12
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Instructions for Part 2:
Please answer each of the following questions with a checkmark ().

1. Before the inservice sessions, how involved were you in integrating
computers into your curriculum?
none slightly somewhat very

2. Since the inservice training, have you i.acreased your involvement in
the integration of computers into the curriculum?
none ___slightly moderately ___ much

3. Before the training, wese ycu part of a local computer support group?
__Yes ___No

4. Since the training, have you been involved in stariing a local computer
support group or become a member of one?
Yes ___No

5. Since the inservice sessions, have you increased you communications
with others about integrating computers into the curriculum?
Yes No

If you checked "yes" to question number 5, please indicate the approximate number of people
you have communicated with in each of the following categories:

Approximate
Number of People Categoric;

Shared information with people unaware of how to
integrate computers into the curriculum.

Exchanged information with people alre slved with integrating
computers into the curriculum.

Contacted other inservice session participants.

6. Have you used any of the materials you received at the inservice
sessions? Yes No

If you checked "yes,” how useful did you generally “ind the materials to

be? Please check one.

___Useless ___ Hardly useful ___ Somewhat »seful ___ Very useful

7. Do you think the ty pe of training you received helps to promote computer
integration _1to the curriculum? ___Yes ___ No

Chapter 3.5 Page 13
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And you |l help them discover how to find the  Teaching Thinking Skills with Databases contains

answers. By usir.g Teaching Thinking Skills 14 data files and 46 worksheet and transparency
with Databases in your classrcom, you'll macters. Teach with databases in any subject
challenge students to develop a mind of using AppleWorks® or FiEdBase.

their own.

Use Teaching Thinking Skills with Databascs...
Designed for Grades 4-8. this step-by-step because they want to know.
guide by Jim Watson gives you the
opportunity to impact your students’
cognitive development through the use of ISTE. University of Oregon. 1787 Agate St..
databases. Eugene. OR 97403-9905; ph. 503/346-4414

R

- Students’ Homework: Teacher’s Homework:

Microsoft §

.-* Read. Chapter'is Ve grjdde history rep'\orts

W 0 r k s and write @ suim- ¢ entergrades .
. ‘mary .~ = develop progr ( =
\ ' .report _format ]
fO r o . E * “list fqndraising ideas
i L ]
you!
Microsaft Works for the Learn Microsoft Works while Microsoft Works for the

Mac:ntosh: A Workbook you're learning to manage your Macintssh: A Woskbook for i
teaching responsibilities more Educatars helps you get your
for Educators efficiently and professionally. homewoik done on time.
Microsoft Warks for the
A teacher's homework s Macintosh: A Workbook for Available for Microsoft Werks,
rarely done. Grade books, trans- Educators by Keith Wetzel Versions 1.1 and 2.0. Plaases
parencies, letters to parents, supplies you with field-tested specify version when ordering.
lesso~ plans, and class actvities and a procedure disk  Works, Version 1.1 or greater is
schedules are time intensive f examples that guide you in  required but not included.
responsibilites. Help 1s here. raaking your own templates.

ISTE, University of Gregen, 1787 Agate St., Eugene, OR 97403-3905, ph. 503/346-4414.




Based on a National Science Foundation project, '
these volumes bring you the latest research on effecuve
training Each work contains specific activities and

ef-fecstive\i-'fek-tiviadj (14c)

| a: producing a decided, decisive, or background readings that enable you to hold inservices
desired effect b: DMPRESSIVE, that result 1n positive, durable change at the classroom
STRIKING level.

2 : ready for service or action

If you design or run computer-oriented inservices,
Effective Inservice for Integrating Computer-As-Tool
into the Curriculum will help you develop a sound

Com puter-In tegrated program through theory and practice. Sample forms
. for needs assessment and formative and summative
Instruction: evaluations are included.
E.ffeCtive InserVice Each of the five volumes ccmes 1n a three nng bmc.icr .

that includes both hard copy and a Macintosh disk of
the printed materials. Math, Science, Social Studies,
Dave Moursund’s comprehensive series on inservice  and Elementary School vulumes are availabie
training for computer using educators has grown. individually, or you can get the complete sct of five
Effective Inservice for Secondury School Mathematics  a. 1 discount.
Teachers and Elementary School Teachers ar: joined
by texts for Secondary School Science Teachers and ISTE, University of Oregon, 1787 Agate St.,
Secondary School Social Studies Teuchers, Eugene, OR 97403-9905: vh. 503/346-4414.

Explore your database alternatives.

Upgrade your*

_FrEdBa§e (v2.0)isa copy of FrEdBase
high-quality database to version 2.0.
Contac1 ISTE.

program for the Applell®
computer that is freely

copyable, making it ideal
H’EﬂBﬂSﬁ for individual schools or entire districts.

The price is less’ than commercial database
programs, but it's capabilities are not. In FrEd-
Base. you can have up to 18 fields, print column
and label-typed reports, and produce bar, line, and
pie chart graphs.

DATABASE MANAGER

ISTE distributes FrEdBase by special arrange-
ment with CUE Soft” wap.

ISTE. University of Oregon, 1787 Agate St.. Q
* Purchased from [STE (formerly ICCE) Eugene. OR 97403-9905: ph. 503/346-44 14
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Finally, a long distance relationship that

won't break your-heart.

¥ o

o o -0

ISTE offers eight Independent Study courses that get to the heart of Ieaming.

Each course Joroughly covers the title material and is designed to provide staff develop-
mentand leadership tzaining. You correspond directly with the course’s instructor by mail,
and can receive graduate credit through the Oregon State System - ~*Y~hez Education.

Classes offered this yei .ve:
¢ Introducdon to Logo for Educators
(available for LogoWriter or Logo PLUS)

* Fundamentals of Computers in
Education

» Long Rang~ Planning for Cumputers in
Schools

» Computers in Mathematics Education
» Computers and Problem Solving

¢ Introductiun to AppleWorks for
Educators

» Computers in Composition

¢ Effective Inservice for Instructional Use
of Computers in Education

Reg: iter for classes independently or
with a group. Districts enrolling six or
morec teachers receive a fee reduction fur
each person enrolled.

Courses range in price for 3-4 quar*r-
hours of graduate credit. You have one
y=ar tc complete your course.

Start a great long distance relationship

‘ today with anISTE Independent Study Course.

T .quest an Independent Study course
brochurc. Write or call:

. ISTE, Unviersity of Oregon, 2
1787 Agate St., Eugene, OR 97407205
ph. 503/346-4414
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AppleWorks far-Eazgcatarse~
A Beginning and Iniermediate
Workbook hits ISTE’S be -seller hst -

2NN

- +f A

/ 0 X ,‘.r
;% YA

Over 20,000 2
copies sold? \ 4

There’s a good reasen Lmda | I

1‘{ath;e s AppleWorks for SR T o Y| e
ducators—A Beginning and R [ = SR ﬁl};‘ N g

Intermediate Workbook sells so 3 (R

well. It works.

Word processing, database
and spreadsheet management; —
and printer options.are detailed _____ W
step-by-step. Both novice and experienc ced AppleWorks
users benefit from the depth and strength of the matérial.

AppleWorks for Educators—A Beginning and
Intermediate Workbook has been revised to include a mail
merge section, expandea integration activities, glossary,
and up-to-date articles from The Computing Teacher

Move AppleWorks for Educators—A Beginning and
Intermediate Workbook to the top of your reading list.

IS’“E Un1vers1ty of Oregon 1787 Agate St., Eugene OR, «
97403-9905; ph 346-4414. X -
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