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Taytor, Harriet G., An Investigation of Certification

in Computer Science as a Teaching Field in Secondary Schools

in the United States. Doctor of Philosophy (College

Teaching), May, 1983, 201 pp., 16 tabtles, bibliography, 51
titles.

The purpose of this study was to investigate the status
of computer science teacher certification in the United
States. Methods used included a survey of chief teacher
certification officers in all fifty states to determine the
status of each state concerning the certification of high
school computer science teachers and a survey of forty
selected leaders in the field of computer science education
to determine the current and future status of computer
science education and to identify the courses most
appropriate for computer science teacher training programs.

Status reports on all fifty states were presented.
Summaries for the states that offer certification in com-
puter science as a field by itself and as a part of another
subject field were provided. Five state-approved computer
science certification programs were reviewed.

Frequencies and percentages were reported for the data
from the opinion poll. The five state-approved programs
were compared to the program that was selected by the

leaders in the field.



Findings were that computer science is a separate,
distinct subject field in which high school teachers should
be certified. A rapid downward movement of the college
computer science curriculum into the high school was
identified.

Lack of qualified teachers and programs to train these
teachers were found to be major barriers to the introduction
of computer science in the high school. A group of computer
science courses most beneficial to high school teachers was
identified and recommendations were made about the content

of computer science teacher training programs.
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CHAPTER I
INTRODUCTION

During the last decade, computers have become a domi-
nant force in American society. Indeed, there are few
people in the United States whose Tives are not in some way
affected by a computer. Workers are being called on to use
the computer as tools of their trades. David Moursund, one
of the leading advocates of universal computer literacy,
states that computers "are a fact of 1ife in the adult
world" (1977, p. 8). As a result of the introduction of the
microcomputer in the 1970s, small personal computers have
become common in many homes and schools in this country.

The time has come for the American public to acknowledge
that the computer era is here.

Accompanying the rise of the computer as a major factor
in American 1ife is the need for the educational system to
recognize the computer's role in the lives of Americans and
prepare students for 1ife in such a society. This need has
been growing since the late 1960s.

As early as 1970, the International Federation for
Information Processing's Working Group on Secondary School

Education investigated the role of the computer in society.



The group found that "the computer is already causing deep
and rapidly accelerating changes in society and therefore
the spectrum of jobs available" (IFIP, 1971, p. 21). Fur-
thermore, they state that "It is important for all students
to understand the nature and use of computers in a modern
society" (IFIP, 1971, p. 1).

Over the past decade, many educators warned of the
coming of the computer era and the mandate for computer
education for the masses. Levien (1972) points out that as
computer usage increases, so too must the extent of in-
struction about computers. Fu and Koo claim that “"computers
will play a dominant role in the lives of students" (1973,
p. 51). Furthermore, many high schools will need to involve
themselves in computer education since “"the future clearly
belongs to those who understand the computer" (Fu and Koo,
1973, p. 52).

As the 1970s drew to a close, educators were stating
that basic computer awareness, or computer literacy, was
essential for all students. Barnes states that "since
computers are now playing an ever pervasive role in our
society, it is imperative that every student learn about
them, their capabilities, and their limitations" (1979, p.
37). Henderson claims that "it is important that every
high school student have a general understanding of com-

puters and computer applications" (1978, p. 41).



In his address delivered at the Second Annual Southern
California Conference of Computer Using Educators, Edmund G.
Brown, the governor of California, outlined his plan to
promote computer education and the training of teachers in
his state. His program was developed to meet the needs of
students who will find "computer literacy critical to ob-
taining future employment in hundreds of fields" (Brown,
1982, p. 99). Governor Brown terms the proper use of com-
puters in classrooms as a revolution in American education,
second only to the move to provide free public education to
all citizens.

Recently, many schools have begun to require basic com-
puter literacy for high school graduation. Some educators
predict that by 1990, computer literacy will be needed to
function in our society and should be required of all high
school graduates {Sjoerdsma, 1982). In a 1982 nationwide
survey, 90 per cent of all adults polled felt that it was
important for public schools to teach students how to use
computers as part of their regular education ("Computer
Education in Schools Wins Survey Approval," 1982).

During the last fifteen years, instructional uses of
computers in secondary schools have increased dramatically.
In 1966, 1.7 per cent of all public secondary schools used
computers for dinstructional purposes (Mayer, 1978.)., In

1972, the figure had risen to 12.9 per cent (Fu and Koo,



1973; Darby, Korotkin, and Romashko, 1972), and by 1975, it
had risen to 27 per cent (Poirot, 1979). A 1982 study by
the United States Department of Education shows that over
half of the nation's secondary schools have at least one
microcomputer or computer terminal for instructional uses by
students (McCormack, 1982). 1Indeed, it would appear that in
the not too distant future, most secondary schools will have
the physical equipment needed to introduce computers into
the curriculum.

High schools will be called on to provide basic com-
puter education to students as well as specialized courses
for those planning to pursue a data processing career or
degree in college. The downward migration of the college
computer curriculum which is referred to by Taylor (1980)
has begun. Sjoerdsma predicts that by 1990 "most high
schools will be teaching the first year of computing now
taught by colleges and universities" (1982, p. 288).

The National Council of Teachers of Mathematics in its
recommendations for school mathematics in the 1980s states
that most students must not only become acquainted with the
role of computers in society, but must also know how to use
them (NCTM, 1980). The Council feels that schools must take
an active part in preparing students to live in the com-
puterized society in which they exist. Actions that should

be taken include



A computer literacy course, familiarizing the
student with the role and impact of the computer,
should be part of the general education of every stu-
dent. . . . . 0 0 h e e e e e e e e e e e e e e e

Secondary school computer courses should be de-
signed to provide the necessary background for advanced
work in computer science (NCTM, 1980, pp. 9-10).
Computer science is, therefore, evolving as a separate

discipline in the secondary school. Since the development
of the microcomputer, most schools can no longer point to
cost as a deterrent to providing instruction about com-
puters. The most frequently cited problems are the lack of
teachers who are qualified to teach computer science courses
as well as the lack of training courses to prepare computer
science teachers. Cornwall proclaims that "the pool of col-
lege graduates entering the teaching field with a computer
science background is nonexistent" (1982, p. 28).

Although many schools now offer computer science as a
part of the high school curriculum, few teachers are certi-
fied to teach computer science. In most cases, the computer
science teacher is a teacher who is certified to teach in
another discipline, but who has a 1ittle experience with
computers or perhaps was simply brave enough to take on such
a class.

Beyond certification lies the problem of the lack of
teacher training programs for those who desire to pursue

computer science as a teaching field (Poirot, 1979). Milner

(1975) claims that teacher education is a major barrier to



the introduction of computers in the classroom. Statz
(1975) warns that universities and colleges of education
should begin to train computer science educators, and that
state departments of education should start certifying com-
puter science teachers. Meinke (1976) predicts that there
will be certification programs in many states in the not too
distant future. Progress has been sltow, however. 1In 1979,
Moursund stated that "formal computer education programs of
study, specifically designed for educators, are still rather
few and far between” (1979, p. 56).

In 1980, the Taskgroup on Computer Science of the
Association for Computing Machinery's Elementary and
Secondary Schools Subcommittee addressed the issue of certi-
fication of computer science teachers. The taskgroup
concludes that

It is expected that in the near future, certifica-
tion requirements for computer science teachers will be
established throughout the educational system. Some
schools and states have already established such re-
quirements, and these should be met by all teachers
where the requirement exist. However, until more
teacher training programs are available in computer
science at the secondary level, many teachers will find
themselves teaching computing because of a personal
interest, but with 1ittle or no formal training (ACM,

1980, p. 33).

Much has been written about the need for computer
science education and the lack of certification requirements

and training programs. Exactly where the United States now

stands is conjecture.



This study may provide factual information on the cur-
rent status of teacher certification in computer science in
the United States. It may identify and analyze some exis-
ting state approved teacher training programs. It may
report the opinions of national leaders in the field of
computer science education about the importance of computer
science certification and the composition of teacher train-
ing programs.

Through this study, the educational community may be
able to see where it stands. The states that are preparing
to institute state certification and begin teacher training
programs will have access to qguidelines. Using the informa-
tion gathered by this study, educators all over the United
States may be able to formulate plans to meet the growing
demand, if not mandate, for computer education in the

nation's secondary schools.

Statement of the Problem
The problem investigated by this study is the certi-
fication of secondary computer science teachers in the

United States.

Purposes of the Study
The purposes of this study were
l. To determine the current status of certification in

computer science in all fifty states;



2. To identify and analyze common characteristics of
the computer science component of a state-approved program
in each state that offers certification in computer science
as a separate teaching field;

3. To ascertain if computer science is a separate
discipline of sufficient importance to constitute an area of
specialization in which teachers should be certified;

4. Through analysis of the existing programs and the
opinions of the leaders, make recommendations about the
computer science courses that are most useful for those who

are training to be computer science teachers.

Research Questions

Following are the basic research questions that guided
the course of this study.

1. Which states now offer certification in computer
science as a scparate area?

2. In those states that offer certification in
computeyr science as a separate subject area, what are the
requirements for certification, how many teachers are
certified, and which one college or university in the state
that now has a state-approved program that leads to computer
science certification?

3. In those states that offer certification in computer
science as a separate subject area, what are the computer

science certification requirements for a teacher who is



already certified in a field other than computer science to
be certified to teach computer science.

4. In those states offering certification in computer
science as a separate subject area, what provisions were
made so that those teachers already teaching computer sci-
ence when the certification standards were adopted could be
certified if they did not meet the requirements?

5. In each state that offers computer science as a
separate certification field, what computer science courses
are part of the curriculum in one state-approved program
that leads to computer science certification?

6. What are the similarities and differences among the
state-approved programs?

7. Is computer science a separate discipline distinct
from any other subject area?

8. What are the opinions of leaders in the field of
computer science education about the importance of certifi-
cation of computer science teachers?

9. Which computer science courses do leaders in the
field of computer science education feel should be part of a
computer education curriculum that leads to certification in
computer science?

10, Based on the analysis of the existing programs and
opinions of the leaders in the field, what courses should be

included as the computer science component of any teacher
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training program that leads to certification as a teacher of

computer science?

Limitations

This study is delimited to the review of the status of
computer science as a certifiable subject field and iden-
tification of the computer science component of teacher
training programs., Any sound teacher preparation program
involves a well-conceived blend of courses and experiences
that are designed to produce individuals who are not only
professionally competent but who also have the general edu-
cation needed to interact in the whole society. One
component of such a program would be a sound background in
an area of specialization, such as computer science.

This study considered only the computer science content
of such a program. No attempt to define a total program or
to evaluate any component of a program other than computer
science content is made. Data collected by this study
should be beneficial, however, to those responsible for the
development of such a program. The task of the design of a
complete, well based program in computer science education
is left to the individual institutions and state agencies

that must approve the programs.
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Significance of the Study

Many educators now predict that in the near future
computer science will be as fundamental to education as
reading, writing, arithmetic (Kibler and Campbell, 1976).
Soon every individual in this nation will need basic com-
puter literacy just to function in the society (Molnar,
1978).

In addition, high schools will be expected to offer
more specialized computer science courses to those preparing
for computer-related employment and those pursuing technical
degrees in colleges. Universities will expect incoming
students to have acquired basic skills in computing in high
school (National Council of Teachers of Mathematics, 1980).

The future clearly dictates a need for a supply of
well-trained, qualified computer science teachers who can
provide instruction on how to use computers as well as in
basic computer literacy. Unless computer science is offered
as a separate certification field and suitable training
programs are developed, the prospective teacher will have to
obtain certification and expertise in another subject field
in order to be licensed to teach. Few individuals can
afford the Tuxury of the extra time and money needed to
become fully trained in computer science as well.

Many states perceive the need for standards for com-

puter science teachers and are investigating the possibility
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of such certification. One of the major hindrances is the
lack of adequate information. Few precedents have been set.
Most states do not offer separate certification in computer
science, so there are very few training programs (Hector,
1980).

This study may identify the models that are in place
as well as analyze their common characteristics. It will go
beyond looking at the present and determine what computer
science courses are most appropriate for a computer science
teacher.

This study may investigate the central issues around
the problem of certification of computer science teachers.
Many states now consider computer science a math course that
should be taught only by a teacher certified to teach math.
In some states computer science is classified as a science
or a business course.

Perhaps the most fundamental issue at hand is simply
whether or not computer science is in reality a distinct
discipline within itself. Furthermore, it shoul'd be deter-
mined if there is sufficient demand for computer science in
the high school curriculum to substantiate the certification
of teachers only in the discipline of computer science. 1If
satisfactory soltutions to both of these problems can be
found, then the appropriate training for a computer science

teacher must be ascertained. If there are courses other
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than those found in the normal computer science bachelor's
degree program that are fundamental to those who are pre-
paring to teach, these courses must be developed.

Solutions to these problems have been sought over the
past decade by many of the leading advocates of computer
science education. Through compilting the available facts
and opinions of those who can best answer these questions,
this study will attempt to provide accurate, well-grounded
answers to some of these issues which are fundamental to
computer science education.

This study should provide accurate information about
the current status of certification in computer science.
With it, each state will be able to assess where it stands
relative to other states. A true picture of our national
situation and future directions should become ctear. The
study should provide information about programs that can be

a valuable asset in the development of a state progranm.
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CHAPTER II
REVIEW OF RELATED LITERATURE

The modern electronic computer has become an estab-
lished part of America 1ife. Poirot reports that "it is
difficult to find an individual in our country who is not
directly or at least indirectly influenced by the electronic
computer" (1976, p. 41). M™more recently, Heller and Martin
(1982) claim that the average American comes in contact with
a minimum of fifty computerized effects from the time he
wakes up until he arrives at work. Souviney (1980) notes
that the use and influence of computers is constantly grow-
ing, and, he predicts that by 1985 the average home in the
United States is 1ikely to have as many as twenty computer-
controlled components or devices.

In the light of these facts and predictions, it is not
surprising that Coburn and others (1982) feel that "com-
puters appear to be revolutionizing every aspect of our
lives" (1982, p. 1}. As the use of computers‘becomes more
widespread, so too will the need for an understanding, at
least, by society of the ways that computers affect and can
benefit it.

Accompanying this technological revolution must be an

education revolution. An enlightened public is as essential

17
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to the computer revolution as it was to other movements such
as the revolution that changed our society from an agricul-
turally-based society to one that is based on industry.

Charp (1967) stresses that students must be en-
Tightened, and not frightened by the changes occurring in
our society. Furthermore, according to Charp,

An understanding of the historical development of
the computer is as much a part of a student's general
education as an understanding of the development of
other machines since the advent of the Industrial Revo-
lution (Charp, 1967, p. 138).

For the United States to continue in the technological
forefront, its citizenry must become educated in the new
technology. Just as for the Industrial Revolution, workers
will have to be trained to fill the new types of jobs
created by the new technology (Charp, 1967). Public accep-
tance and confidence in the technology is essential. Just
as in the Industrial Revolution, the vehicie to accomplish
these goals is the educational system and the development of
an educated citizenry.

An essential outcome, therefore, is universal computer
literacy. Computer literacy implies that such literate
individuals have the understandings, skills, and values
needed to function in a computer-based society.

As early as 1968, Michael predicted the coming era in

The Unprepared Society. Michael perceived a gap in society

between those who work with and understand the uses and
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effects of computers and the rest of the population.

Michael echoes the sentiments of contemporary writers such
as Kibler and Campbell (1976) with the prophecy that people
who are ignorant of computers will be as functionally il-
literate as those who are ignorant of reading, writing, and
arithmetic. Finally, he reasons that to achieve true equity
in society, all citizens needed an understanding of com-
puters.

Indeed, sentiments such as Michael's are expressed fre-
quently today. Many leaders feel that computers eventually
will become a standardized tool for every classroom. The
most basic goal is to insure that elementary and secondary
school students acquire the basic rudiments of computer
literacy.

One simple solution is to introduce the computer into
the high school curriculum. Some schools are already re-
quiring a basic course in computer literacy for high school
graduation. Indeed, one of the main objectives of any
educational system is to prepare students to function in
society. If, as is predicted, computer literacy will soon
be needed for a productive and useful 1ife, then the educa-
tional system must respond to the challenge.

Such sentiments have been voiced by many of the leading
advocates of computer education. In 1978, Henderson stres-

sed the importance of a general understanding of computers
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and computer applications for every high school student.
Johnson and others (1980) report on the position of the
National Council of Teachers of Mathematics regarding com-

puters in the classroom. In its Agenda for Action, this

group recommends the institution of not only computer liter-
acy courses in high school but also the development of
computer science courses that would be part of a high school
computer science curriculum. Specifically, the council
takes the position that
an essential outcome of contemporary education is
computer literacy. Every student should have first-
hand experiences with both the capabilities and 1imita-
tions of computers through contemporary applications

(Johnson and others, 1980, p. 92).

Another recommendation suggests that high schecol cours-
es should be developed that go beyond computer literacy and
explore the fundamental concepts of computer science. Ac-
cording to the National Council of Teachers of Mathematics,

Secondary school computer science courses should
be designed to provide the necessary background for
advanced work in computer science. Curriculum design
should provide the required foundation for those stu-
dents who will be involved in careers that increasingly
demand advanced computing skills and apptications of
computing and for those students who will go on to
deeper study in frontier fields of computer develop-

ment (NCTM, 1980, p. 10).

Predictions are that by 1990, the basic computer sci-
ence courses taught in the first year by most colleges and
universities will be taught in high school (Sjoerdsma, 1980;

Mayer, 1979). Luerhmann also identifies this downward
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migration of computing topics which are taught now in
colleges and concludes that soon "college and university
matriculants will arrive with a solid understanding of the
fundamentals" (Luerhmann, 1980, p. 148).

Much, therefore, has been written about the need for
implementation of computer-based courses, particularly in
the high school, over the past fifteen years. Progress has
come slowly, however. In a few states, computer science
courses are part of the standard curriculum of most high
schools. Still, there are no standardized courses, nor is
there even agreement about where computer science fits into
the curriculum.

A search of the literature reveals insights into many
of the problems that are associated with the implementation
of computer science courses in high schools and identifies
factors that have inhibited such development. Some of these
include reluctance and even opposition to change by both
educators and the American public, the high cost of the
computer hardware, the lack of adequately trained teachers,
and the lack of curricula and a sound notion of where such
courses would fit into the high school curriculum. The
remainder of this synthesis will explore each of these
factors.,

Although change normally comes slowly in our educa-

tional system, it appears that educators are ready for
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change. Most educators are now aware of the powerful in-
fluence the computer is exerting on our society, and they
recognize the importance of incorporating computer science
into the curriculum. The general public, as well, seems to
favor mass computer education. In fact, in a recent survey,
90 per cent of all adults surveyed felt that computer educa-
tion should be part of the general education of each student
("Computer Education in Schools Wins Survey Approval,"
1982). Where there may have been reluctance in years past,
this is no longer a real factor. Perhaps, then, the main
barriers today are other factors.

In the early 1970s, few schools could afford to invest
in computer hardware. Computers were very large, expensive
machines that required excessive space and maintenance.
Those schools that used computers leased terminals and
bought or were given time ¢n computers which were owned by
large companies or state agencies. Even then, the cost was
usually quite prohibitive.

The last few decades have brought rapid changes in the
cost as well as size of computers. Kibler and Campbell
(1976) point out that for a decade, the size and cost of
computer hardware has been dropping by an order of magnitude
every three to five years.

The development of the microcomputer, which is a small,

economical computer about the size of a typewriter, in the
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mid 1970s revolutionized the world of computing. Today
small personal computers can be bought at local department
stores for a tiny fraction of what a computer cost in 1970.
Many of these computers are finding their way into schools
and homes across the United States.

According to Lobello (1982), home computer sales in
1981 totalled 120 million dollars, and analysts predict a
sales volume six times higher for 1982. Experts say that in
the near future, computers will be found in most schools and
homes in this country. As early as 1977, a microcomputer
dealer, reporting on industry forecasts in Time, fofesaw
that "some day every home will have a computer. It will be
as standard as a toilet" ("Plugging in Everyman," 1977, p.
39).

Educational institutions constitute a large portion of
the home computer market. Correa (1979) estimates that 400
million dollars will be spent on microcomputer hardware by
schools in 1982. Coburn and others (1982) found that there
are already between a quarter and a half million microcom-
puters 1in schools.

According to McCormack (1982), a ma ority of the sec-
ondary schools in the United States now own at least one
microcomputer or computer terminal for instructional pur-
poses. Many high school students are, therefore, being

exposed to computers at school. In 1970, one third of all
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secondary students had used a computer (Jay, 1980). By
1980, well over half of all secondary students had used a
computer {(Jay, 1980; Wexler, 1979).

The development of the microcomputer has made available
to the publfc ltow cost, affordable computing power. The
cost of these devices is continually decreasing, so that
cost of hardware soon will not be a major barrier to com-
puter education. Lopez, confirming this analysis, says
"“microcomputer systems have lowered hardware costs so sig-
nificantly that cost is no longer a serious factor against
classroom use" (Lopez, 1981, p. 15).

The most frequently cited factor that inhibits the
implementation of computer science education in secondary
schools is the lack of adequately-trained teachers. In-
twined with this factor are a number of major questions
about the need for special training in order to teach com-
puter science, about computer science as a separate field,
or as part of another subject field such as math or science,
about certification of teachers to teach only computer sci-
ence, about the existence of programs designed to train
computer science teachers, about the need for special
programs designed only for computer science teachers, and
about the elements of such a program.

Certainiy, most educators believe that education is

best served when it is conducted by personnel who are not
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only trained in the methodology of teaching but also well-
grounded in an area of specialization. Reasonably, there-
fore, computer science education should be directed by a
person who has such training. Statz (1975a) identifies the
lack of trained personnel as a major problem impeding the
implementation of computer science courses in the secondary
school. Statz further emphasizes that not only are trained
teachers desirable but, perhaps, "without trained profes-
sionals, students gain a partial, perhaps incorrect, view of
computers and their uses" (Statz, 1975a, p. 73).

In 1970, the Working Group on Secondary School
Education (WG 3.1) of the International Federation for In-
formation Processing (IFIP) investigated problems associated
with the introduction of computers in the secondary schools.
This group concluded that the major problem was teacher
training. A product of this group's work is a booklet
(IFIP, 1971) that describes what secondary school teachers
of computer science should know.

During this period, the major theme was simply the need
to find any teacher with enough training to conduct a basic
computing class. Fu and Koo (1973) also identified the need
for teachers with adequate training, but suggests (as did
WG 3.1} that the solution is to train the math and science
teachers in computer science and have them conduct computer

science classes. Although trained teachers were needed,
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computers were not so common in schools that a person could
find full-time employment as a computer science teacher,

The computer science teacher would have to be a teacher who
was certified to teach in some other area of specialization
(Moursund, 1975). Thus, in its beginning stages, computer
science was generally introduced into the curriculum by a
teacher trained in some other subject area, particularly
math or science, or even business (Rogers and Austing, 1980;
Poirot, 1976).

Since the mid 1970s, the computer has been introduced
into secondary schools at a rapid rate (Poirot, 1976). By
1976, Statz (1976} claimed that enough full time jobs for
computer science teachers were available so that teachers
could be trained in computer science as the major field of
specialization. In 1978, Henderson (1978) declared that
every large school district needed personnel who were
trained in computer science to teach computer science clas-
ses and coordinate computer uses in schools.

The trend has continued to the point that today there
are many full-time job openings for computer science teach-
ers. But the supply has not kept up with demand. As late
as 1982, few teachers were receiving their primary training
in the area of computer science. According to Cornwall,

“the pool of college graduates entering the teaching field
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with a computer science background is nonexistent" (1982, p.
28).

One major problem is to identify the group that should
be trained to teach computer science. This problem involves
deciding if computer science is mathematics, science, busi-
ness, or an entirely separate subject area. Rogers and
Austing (1980) found that computer science has generally
begun in secondary schools through the mathematics program,
and academic credit has usually been given as a unit of
math. In other states, a computer science course may be
counted as a unit of science, business, or even computer
science. As of today, there is no national agreement on the
true nature of computer science as a subject area.

Many leaders in the field of computer science education
are beginning to classify computer science as a separate
discipline. The Taskgroup on Computer Science of the Asso-
ciation for Computing Machinery's Elementary and Secondary
Schools Subcommittee concludes that “computer science is a
separate discipline and should be taught as such. It should
be listed in curriculum guides and on transcripts under a
title that makes it clear that the course is computer sci-
ence" (Rogers and Austing, 1980, p. 16). Moursund (1975}
predicts that eventually there will be standard computer

science courses at the secondary level.
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The possibility exists, then, that computer science is
a discipline apart from any other subject area, and that
teachers should, therefore, be trained in the discipline of
computer science. Normally, as a prerequisite of employ-
ment, a teacher must be certified to teach in certain areas
of specialization. The inference is that computer science
might be a certifiable area of specialization. Since, cer-
tification usually depends on the completion of a state-
approved teacher training program, there must be training
programs specifically designed to develop teachers who will
receive certification in computer science.

By 1975, two states, Wisconsin and Minnesota, were
certifying computer science teachers (Statz, 1975a; Statz,
1975b). Meinke and Bauer (1976), reported in February,
1976, that still only Minnesota and Wisconsin offer certifi-
cation in computer science. By October, 1976, according to
Statz (1976), Ohio had joined Texas, Wisconsin, and
Minnesota in offering such certification. Moursund (1977)
confirmed in 1977, that as yet, only the same four states
certified computer science teachers. In February, 1979,
Poirot (1979) claimed that five states were offering com-
puter science teacher certification. In June, 1979, Milner
stressed that "the need to certify teachers of computer
science is pervasive" {1979, p. 27), and he added that only

four states in the United States offer computer science
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certification. Thus, for the year 1979, reports conflict on
the exact number of states that had adopted certification
standards for computer science teachers.

When this study was begqun, the most recent count of the
states that certify computer science teachers was published
by Hector in 1980. Hector wrote to the departments of
education in all fifty states asking for certification re-
quirements in computer science. Hector's 1980 findings are
that only two states, Texas and Wisconsin, offer certifi-
cation in computer science, but that approximately twenty
others have some form of certification that is associated
with another subject area. At that time, computer science
was not identified as a certifiable subject area by
Minnesota and Ohio.

Previous to this study, the exact number of states that
certified teachers of computer science was not known and the
latest reports gave conflicting data. No report lists many
states offering computer science certification. Therefore,
in most states a computer science teacher needed a speciali-
zation field other than computer science in order to be
licensed to teach.

Certainly, adoption of certification standards would
have to precede the development of state-approved teacher
training programs. Given the low incidence of states that

presently certify computer science teachers, it is not
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surprising that there are few existing programs which are
designed to train computer science teachers. Moursund
points out that "formal computer education programs of
study, specifically designed for educators, are still rather
few and far between" (1979, p. 56).

Development of teacher education programs would include
decisions about how much training is necessary for a com-
puter science teachers, what specific competencies are
needed by the high school teacher of computing, and what
group of courses should be chosen to achieve these goals.
Some possible answers to these questions could be derived
from an examination of the literature devoted to the subject
of teacher education in computer science.

Statz (1975a) argues that for the teacher who simply
wants to use computers in the classroom, one or two com-
puting courses might be a sufficient background. A much
stronger background is needed, however, by high school
teachers who teach computer science. Atchison (1973) rea-
sons that the minimum background for a teacher of computing
in secondary schools is a minor in computer science.

The most promising approach to the problem is taken by
Poirot, Taylor and Powell (1981), First, they develop a set
of computing competencies for all teachers and the more

specific competencies that are needed by the teacher of
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computing. Second, they present a group of topics of study
that could be used to achieve these competencies.

Another program approach is to describe the content of
such a program and include a group of courses that meet the
content requirements., Statz (1975a) describes the general
content of a teacher training program that includes a group
of required courses, two required specialized education
courses, and a recommended group of computer science elec-
tives. Frederick (1975) and Poirot (1975) also describe the
characteristics of programs for potential computer science
teachers and provide alist of courses that meet the crite-
ria. Statz (1976) lists the courses that are part of the
Ohio certification standards. These include a group of
required computer science courses and a number of hours of
computer science electives; the specific courses from which
electives could be chosen are not listed.

Others have published descriptions of programs that had
been implemented in their respective institutions. Stat:
(1975b) outlines the teacher training program at Bowling
Green State University. This program, which, according to
Statz, involves a solid background in computer science and
education in the materials and methods of teaching computer
science, was one of the three such programs in the United

States at the bachelor's level in 1975 (Statz, 1975b).
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Meinke and Bauer (1976) outline a master's degree pro-
gram at the ITlinois Institute of Technology. The program
is designed to provide computer science training for teach-
ers who were certified in other fields, and who had three or
more years of teaching experience. It includes a required
group of computer science courses, one of which is a practi-
cuum 1in teaching computer science, and then two elective
groups.

Poirot (1979) describes the teacher training program at
North Texas State University. The program contains the re-
quired courses that are needed to develop competencies which
are most important to a high school computing teacher.
According to Poirot, the basic competencies are the ability
to write programs in several high level languages, an over-
a1l understanding of the basic operation and organization of
a computer, and the ability to teach computing courses.

There is general agreement on the computer science con-
tent for each of the aforementioned programs cited. The
typical program involves a required group of six courses,
that includes an introductory course covering algorithm
design and principles of programming using a high-level
language, assembly language programming, survey of data
structures, survey of programming languages, fundamentals of
computer organization, and uses of computers in education.

Other courses that are mentioned, but not universally, as
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required are social implications of computing and a second
programming course using another high level language.

A11 agree on the importance of including a course in
the material and methods of teaching computer science in
such a curriculum, but in most cases this course is identi-
fied as a specialized course to be offered by the education
department. Several programs describe specific elective
groups, but there is no great degree of similarity among the
identified groups.

The literature also presents many possible models for
the computer science component of a computer education pro-
gram. In most cases, it is assumed that the candidate
will also complete all of the general education courses as
well as the professional education courses required by the
institution offering the program.

The literature includes many ideas on the nature of
computer science as a separate, certifiable teaching field
and on the appropriate training for the teacher of comput-
ing. Computer science is a dynamic, rapidly changing field.
Several courses that are standard in most computer science
departments today did not even exist in 1975. As new tech-
nological advances are made, the curriculum must adjust to
meet the new technology.

Those who are developing computer science programs

today will need to look at the existing programs and study
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the opinions of the experts for guidelines. Research in the
field must continue at a high level. It is only through
research that the educators of the future will be able to
identify the basic elements of computer science and to
adjust the training programs to meet the needs of a changing

society.
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CHAPTER III

PROCEDURES FOR THE COLLECTION
AND ANALYSIS OF DATA

The Population

The population for this study consists of three
groups:

1. The state teacher certification officer in each
state or an appropriate state official as chosen by the
state officer;

2. The institutions of higher education in the United
States that offer state-approved programs leading to certi-
fication in computer science;

3. Nationally recognized leaders in the field of com-

puter science education.

Selection of the Sample
Each state certification officer was asked to par-
ticipate in the study. The certification officers were
asked to respond to the questionnaire or forward it to an
appropriate official for completion.
In each state that offers computer science certifi-
cation, the officer responding to the questionnaire was

asked to supply the name of one college or university in
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that state which has a state-approved program leading to
certification in computer science. In each state that
offers computer science certification, only the institution
listed on the state officer's questionnaire was contacted.

A group of forty leaders in the field of computer
science education was chosen. Fifteen were chosen from the
participants in EdCom '82, a national computer conference
for educators. The participants in this conference were
selected because of their recognition as leaders in their
fields of expertise, based on publication and achievement in
their respective areas of interest. In particular, the six
panel members that spoke on "Keeping One Step Ahead: Teach-
er Training" were part of the sample. The participants in
this conference are recognized as experts in the field and
are well qualified to address the issues in question.

In addition, fifteen other leading computer science
educators were selected who did not participate in EdCom
'82, but who have distinguished themselves through publica-
tions and participation in at least one of the National
Education Computer Conferences. Five other nationally re-
cognized leaders were chosen on the basis of contributions
during the last decade as evidenced by their publications in
the area of computer science education. Finally, five ac-
tive high school computer science teachers were included in

the sample.
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Data Collection

The data for this study were collected from a survey of
certification officers of each state, and from documents
supptied by the certification officers concerning state
computer science certification requirements. In addition,
descriptive brochures were collected from the selected in-
stitutions of higher education that have a state-approved
computer science certification program. Finally, data was
obtained from a national survey of leaders in the field of
computer science education.

Status reports for the fifty states concerning computer
science certification were developed from the questionnaires
sent to the certification officers and brochures describing
the state's certification requirements. Descriptions of
state-approved programs leading to computer science certifi-
cation were compiled using brochures and catalogs from the
institution, as well as course descriptions, if needed, from
the various departments within the institution, and through
further written and telephone communications, if necessary.

A national opinion survey was conducted of leaders in
the field of computer science education. These individuals
were asked to state their opinions on the importance of
certification in computer science and to list the computer

science courses that should be included in a computer
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science education curriculum. The survey was in the form of

a self-administered questionnaire.

Research Design

A questionnaire (see Appendix D) was sent to the cer-
tification officer in each state. The respondents were
asked to identify the state's current position on certifica-
tion of computer science teachers. Prior to the
distribution of the questionnaire, the content of the ques-~
tionnaire was validated by a panel of five people. Included
in this group were three administrators in the field of
higher education and certification specialists in the col-
lege of education at two universities.

Those states that certify computer science teachers as
a discipline by itself were asked to supply descriptive
information about certification requirements, to identify
one state-approved program Teading to computer science cer-
tification, and to report on the number of certified
computer science teachers in the state. Those states that
certify computer science teachers as part of another subject
area were aske& to supply a description of the requirements
in the other area, and any particular requirements for
computer science teachers. States not certifying computer

science teachers were not asked for further information.
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The questionnaire was mailed with an accompanying pre-
addressed envelope for the convenience of the respondents.

A cover letter (Appendix B} soliciting the cooperation of
the respondents also included an offer to send a complimen-
tary summary of the completed research report. Because of
the national nature of the study, it was hoped that 100 per
cent of the sample would respond.

Follow-up solicitations by letter (Appendix C) were
conducted three weeks after the initial mailing. Three
weeks after the follow up letter was sent, phone calls were
made to the certification officer of each state that had
failed to respond. If the information could not be obtained
through these solicitations, the college of education at a
major university within the state was to be contacted and
asked to participate. This procedure was unnecessary, how-
ever. Forty states responded to the first solicitation, and
the other ten responded within a week and a half of the date
of the follow-up letter. Therefore, all of the data were
collected from the first two mailings.

One state-approved program was identified in each state
that certifies computer science teachers, and letters were
sent to each institution cited. The college or department of
education within the institution was asked to furnish the
curricular requirements for a degree leading to computer

science certification., Course descriptions of the computer
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science courses in the curriculum were obtained from the
institution's general catalog, and further clarification was
requested and received from the computer science department,
if needed. Any other information needed to adequately iden-
tify the curriculum was solicited through correspondence or
telephone conversations.

The college or department of education of each institu-
tion was contacted by phone and curricultar information was
requested. Phone requests for course descriptions also were
made to the computer science departments. If the institu-
tion's catalog was not available through local library
facilities, a catalog was requested.

Follow-up procedures consisting of a solicitation let-
ter after three weeks of non-response and a phone call after
three further weeks were used. Again, it was hoped that 100
per cent of the sample would respond.

A survey form (see Appendix G) was sent to each of the
selected leaders in the field of computer science education.
A cover letter (Appendix E) stressing the importance of the
study and the value of the individual's participation was
included along with a request for participation. A stamped,
pre-addressed envelope was enclosed along with a guarantee

of confidentiality.
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A survey instrument was designed based on a synthesis
of the relevant literature and interviews with experts in
the field. Prior to its distribution, the instrument was
tested for content validity by a panel of experts in the
field.

In the first section of the instrument, respondents
were asked to evaluate a series of items concerning the
importance of certification of computer science teachers and
the development of training programs designed especially for
computer science teachers. A five point Likert-type scale
was used throughout this section. An additional open-ended
question solicited individual comments.

The next section of the survey instrument was designed
to identify the computer science courses that should be
included in a computer education curriculum. Respondents
were given a list of twenty-four possible computer science
courses, from which to choose a maximum of twelve courses.

The chosen courses were lTabeled with either anE or an
R to indicate that the course should be part of an elective
(E) group or a required (R) course. MNo more than six
courses could be designated as required. The respondents
had the option of writing in courses other than those listed
on the form. No more than a total of twelve courses could
be selected, although less than twelve could have been se-

lected. The individual items in this section were chosen by
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an examination of the literature describing existing pro-
grams or proposinrg content for such programs (Poirot, 1979b;
Meinke and Bauer, 1976; Poirot, 1976; Frederick, 1975;
Poirot and Early, 1975; and Statz, 1975b}), and writings
describing competencies needed by computer science teachers
(Taylor, Poirot, and Powell, 1980a; Taylor, Poirot, and
Powell, 1980b; Poirot and others, 1979a).

One major group of courses included are those in "Cur-
riculum '78" (Austing and others, 1979), the basic
curriculum defined by the ACM Curriculum Committee on Com-
puter Science. Since most computer science departments are
experiencing rapid growth in terms of the number of under-
graduate and graduate computer science majors. These
departments are hard pressed to provide the courses needed
to meet the demands of their own curricula. It was un-
realistic to expect many computer science departments
to be able to add an entirely new set of courses that are
primarily for teachefs. Therefore, many of the courses to
be taken by those who are training to be teachers will have
to be selected from the standard computer science curricu-
Tum.

A final section of the survey instrument was designed
to determine the high-level languages in which a computer
science teacher should be proficient. Since most computer

science departments offer programming courses in several
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high-level languages, a major decision in the design of a
teacher training program would be whether to allow students
to specialize in the tanguages of their choice or to require
specific languages. If, in the future, high school computer
science courses become standardized, perhaps so should the
basic languages for teachers. Respondents, therefore, were
given a 1ist of the major high-level languages and asked to
pick a maximum of three languages in which teachers should
be proficient. Again, a respondent could add in any lan-
guage not on the list which he felt would be appropriate.

Once designed, the instrument was field tested for
content validity and distributed to the leaders in the
field. Follow-up solicitations, first by letter and then by
phone were conducted. Efforts to solicit responses con-
tinued until a minimum of thirty responses (75 per cent of
the sample) were completed and returned. The return enve-
lopes were coded to allow for verifying the responses and
determining the panelists to whom follow-up letters should
be sent.

The overall research design calls for the collection
of data that would lead to a description of each state's
current status on the question of certification of computer
science teachers. Descriptive data about existing programs
were collected. Evaluation of the similarities and differ-

ences of the individual components of the programs is
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made, but no ranking or evaluation of the individual pro-
grams was performed.

A five-point Likert scale was used on the first part of
the questionnaire that was sent to the 1eaders in the field
of computer science education. This scale lended itself to
tabulation of responses to each question and a description
of the relative significance attached to each issue by the
panel.

Recommendations are made about the content of the com-
puter science component of a computer education curriculum.
The courses offered in each of the existing programs are
categorized using course descriptions on the instrument sent
to the leaders in the field, so comparisons can be made.

In making these recommendations, more significance was at-
tached to the opinions of the leaders in the field than the

content of the existing programs.

Reporting of Data
Data collected from the state certification officers
are reported in a common format, listing each state and
describing its current position on the certification of
computer science teachers. The data collected on the certi-
fication requirements of each state that certifies computer
science teachers are summarized. The states that certify

computer science as a discipline by itself are summarized



49

separately from those that consider computer science to be a
related part of another discipline.

Summary reports describing each existing state program
have been developed. Composite totals resulting from the
classification of courses and the tabulation of frequencies
are displayed in summary tables.

Reports of the data gathered from the national opinion
survey are displayed in summary charts of the opinions on
teacher certification and teacher training and a composite
description of the courses chosen for a computer science
curriculum was developed. Responses to the open-ended ques-

tion are summarized separately.

Treatment of the Data

Responses to the individual items on the first part of
the survey instrument were summed and then the mean computed
to derive a numeric indicator of the level of agreement with
each item. Conclusions drawn from this procedure are pre-
sented in narrative form.

Three frequency distributions of the courses selected
in the second part of the instrument were constructed. The
first indicates the number of times each item was chosen as
a required course. The second shows how many times a course
was selected to be part of an elective group. The final
tabulation displays the number of times an item was selected

for either group. A sample program has been designed using
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the six courses selected most frequently as required courses
and then from the remaining courses, the six courses most
frequently selected for either group.

Similar distributions were made for the computer sci-
ence courses that were part of the existing programs that
were identified by states that certify computer science
teachers. A summary is presented describing areas of agree-
ment and nonagreement between these groups and the group
selected by the survey instrument.

Frequencies were tabulated for each language Tisted in
the third section of the instrument. Conclusions are drawn
in summary form. Recommendations about the computer science
content of a teacher training program and the true nature of
computer science as an area of specialization were developed
by the researcher through analysis of the opinions and

preferences of the participants in the study.
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CHAPTER IV

REPORT ON THE SURVEY OF STATE
CERTIFICATION OFFICERS

The purpose of this chapter is to report and analyze
the data collected from a survey of the chief certification
officer of each state. The survey form, which is included
in Appendix D, was sent to the chief certification officer
in each state. Each officer was asked to choose the one out
of three categories that best described his state's position
on computer science certification. In addition, those
states signifying certification of computer science teachers
as a separate subject area or as part of another subject
area were asked to provide descriptive information about
their state's requirements.

Within three weeks of the initial mailing, forty of the
fifty state officers had responded to the survey. At that
time, follow-up letters were sent to the remaining ten state
officers. Within two more weeks, the ten remaining
responses had been returned.

When this study was begun, it was felt that it was
essential for all fifty states to participate to derive a

true picture of the national status of computer science
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certification. The goal of 100 per cent response was met
quickly due to the prompt action of the state officers.

The Directory of 1981-1982 of the National Association

of State Directors of Teacher Education and Certification
provided the names and addresses of the state officers to
whom the survey was sent. From the responses to the section
of the form that asked for an individual to contact for
clarification, it was found that several state certification
officers had changed since the publication of the directory
as well as the location of the offices. An updated list of
the names, addresses, and phone numbers of these officers,
reflecting those changes gathered through this study, is
provided in Appendix A of this study.

The data collected by this survey are reported and
analyzed in several sections. The first section is a status
report on each state regarding computer science teacher
certification. The other sections include notes about the
states that do not certify computer science teachers apart
from another discipline, summaries about the states offering
separate computer science certification, conflicts between
the data and the literature, and analysis of the data.

Status of Each State Concerning Computer
Science Teacher Certification
The data in Table I indicate the status of each state

concerning the certification of high school computer science
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teachers as described by the chief certification officers.
The three status choices in Table I correspond to the three
choices on the survey form. The states are ltisted in
alphabetical order in Table I.

Summaries are provided in the following section for
those states that offer certification in computer science
apart from any other subject area. The summaries are based
on the narrative responses included on the survey form by
the certification officers, information found in the
descriptive brochures provided by the respondents, and
insights gained through phone calls that were made to
clarify the data.

Thirteen state certification officers responded that
computer science certification is considered to be part of
certification in another subject area in their state. They
each were requested to supply additional information on the
survey form about their state's regulations. Phone calls
were made for the clarification of data in eleven of these
thirteen states. Summaries for all thirteen states,
including the information provided on the survey form and
insights gained through the subsequent phone calls, are
found in Appendix H.

Certification officers in eight of the states that have
no provisions for the certification of computer science

teachers voluntarily submitted extra information. Notes
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TABLE 1

OF HIGH SCHOOL COMPUTER
SCIENCE TEACHERS
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State

Status

(a)

Offers sep-
arate compu-
ter science
certifica-
tion

(b)
Offers compu-
ter science
certifica-
tion as part
of another
subject area

{c)
No provi-
sions for
computer
science
certifica-
tion

Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
Florida
Georgia
Hawai i
Idaho
ITlinois
Indiana
Iowa

Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri

X*
X *
X*
X *

X *

*

> > > < < x > > >
*

>€ > >

<> XX
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Status
(a) (b) {c)
Offers compu- No provi-
Offers sep- ter science sions for
arate compu- certifica- computer
ter science tion as part science
certifica- of another certifica-
State tion subject area tion
Montana X
Nebraska X
Nevada X
New Hampshire X
New Jersey X*
New Mexico X
New York X
North Carolina X*
North Dakota X*
Ohio X X*
{special
case*)
Oktahoma X*
Oregon X*
Pennsylvania X*
Rhode Istand X*
South Carolina X
South Dakota X*
Tennessee X
Texas X
Utah X*
Yermont X
Virginia X*
Washington X*
West Virginia X
Wisconsin X
Wyoming X

¥ See Appendix H for notes on this state.
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that describe the additional information for these eight
states are also included in Appendix H. It is possible that
similar situations exist in other states, but such informa-
tion is not available from the data collected as part of
this study.
States That Offer Separate Computer
Science Teacher Certification

The state certification officers in Arizona, Illinois,
Texas, and Wisconsin responded that their states offer
teacher certification in computer science apart from any
other discipline. On the survey form, each officer who gave
this response was asked to supply narrative responses to
each of the following 1items.

a. Please supply the name of one college or university
in your state that now offers a state-approved program
leading to certification in computer science, which is rep-
resentative of all the programs in your state.

b. Approximately how many certified computer science
teachers are there 1in your state?

c. When computer science certification requirements
were adopted, what provisions were made to certify those
teachers who were already teaching computer science but did

not meet the requirements for certification?
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d. How can a teacher already certified in your state
in an area of specialization other than computer science
become certified in computer science as well?

e. Would you please either describe the requirements
for computer science certification or enclose a brochure
giving this information?

The following sections contain summaries of the res-
ponses to the five items by each state officer. 1In
addition, any further insights gained from follow-up phone
calls to all four state officers are included in the sum-
maries.

Although no state standards for computer science certi-
fication have been adopted in Ohio, special permission has
been granted to offer certification to graduates of one
state-approved program in Ohio. This exceptional provision

for the state of Ohio is also summarized.

Arizona

Computer science certification standards have only
recently, within the last few months of 1982, been adopted
in the state of Arizona. Computer science may now be posted
as a major on a secondary (grades seven through twelve)
certificate in Arizona. Thirty semester hours in computer
science are required for a teaching major.

Currently, there are no state-approved teaching

training programs in Arizona that offer a teaching major in



60

computer science. With the recent adoption of certification
standards, it is predicted that the various teacher training
institutions within the state will add such programs to
their curricula.

A teacher who seeks initial certification can receive
Arizona certification with a computer science major by
completing thirty semester hours of computer science plus
the normal professional and general education courses taken
by secondary education majors. A teacher who is certified
in another area may also become certified in computer sci-
ence through the completion of thirty semester hours of
computer science coursework.

Those certified teachers who desire to be approved for
accreditation purposes to teach computer science can com-
plete the requirements for a minor teaching area. Such a
program usually includes eighteen to twenty hours of course-
work, with the exact number of hours set by the accrediting
association. Minor teaching areas in Arizona are not posted
on certificates. Teachers who pursue this avenue would not
be certified in computer science but would, in the eyes of
the state, be qualified to teach computer science. The
University of Arizona now offers a program in secondary
education with a teaching minor in computer science.

Certification requirements, as well as the teaching of

computer science as such, in Arizona are very new. The
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exact number of certified computer science teachers in
Arizona was not available, but was estimated to be very few.
Decisions are still being made about provisions for those
teachers who presently teach computer science. For actual
certification, rather than only approval to continue to
teach computer science, these teachers would still need to
complete the reguired thirty hours of computer science

coursework.

ITlinois

Teachers who are completing a state~approved teacher
training program with a teaching major in computer science
may be certified in the area of computer science in
ITtinois. Thirty-two semester hours of computer science
coursework are required for a teaching major. The only
state-approved program in the state is offered by the
IT1inois Institute of Technology.

The number of certified computer science teachers in
I11inois was not available. When computer science certifi-
cation standards were adopted, those teachers who were
presently teaching computer science, and who possesed a high
school certificate with a mathematics or business major and
five semester hours in computer science, were eligible for
certification. Certified teachers who do not meet this
requirement can be certified in computer science by com-

pleting thirty-two semester hours in computer science and a
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computer science teaching methods course. In addition, they
would need 100 hours of clinical experience in computer
science.

Since the number of institutions that offer state-
approved programs in I11inois is so Timited, state officials
reported that it is possible to be certified in computer
science through transcript evaluation. An individual who
completes thirty-two semester hours of computer science
coursework along with the appropriate general and profes-
sional education courses, can be certified in computer
science without being in a state-approved program. O0f-
ficials believe that no one has been certified in computer

science as yet through this procedure.

Ohio Exception

There are no state standards for computer science
certification in the Ohio state blue book of certification
standards. However, in several isolated areas, individual
institutions which have been judged by the state to be
capable of offering special programs to students, have been
given state approval for such programs and permission to
validate certificates in these areas. This is the case at
Bowling Green State University in Ohio.

Several years ago, Bowling Green State presented the
state with a plan for its computer science education

program. The program was approved by the state and Bowling
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Green was given the individual privilege of offering
certification to its graduates in the area of computer
science. This exemplary program is discussed in Chapter V,
which is devoted to the review of state-approved programs.
In summary, the state of Ohio has no state computer
science certification standards. Computer science certifi-
cation can be achieved in Ohio, however, through completion

of the program at Bowling Green State University .

Texas

Four universities in the state of Texas, BaylYor Univer-
sity, East Texas State University, North Texas S tate
University, and the University of Texas at Dallas, now offer
state-approved computer science certification programs. The
computer science coursework required by the state for these
programs and for certification consists of twenty— four hours
of computer science courses or mathematics courses in com-
puter information science. At least twelve of the twenty-
four hours must be in advanced courses.

Teachers who seek initial certification can be certi-
fied in computer science by completing one of the state-
approved programs, with the recommendation of the
institution. Teachers who have certification in an area of
specialization other than computer science may add computer
science as a teaching field by completing the twenty-four

hour computer science component of one of the sta te-approved
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programs and by receiving the institution's recommendation
for the addition of a teaching field.

No information was available about the number of certi-
fied computer science teachers in the state of Texas.
According to the Texas Education Code, those teachers who
have been teaching a given subject prior to the development
of certification standards are safeguarded in that assign-
ment without having to meet the naw certification
requirements. The basic intent of this rule is to insure
school accreditation. Such teachers are allowed by the
state to continue to teach computer science, without spe-
cific certification in computer science, and pose no threat
to the employing school's accreditation status.

Although Texas has adopted standards for certification
in computer science as a teaching field, it has not yet
included computer science on the 1ist of approved courses
that can be taught in the state's public schools.
Generally, computing courses are classified as either mathe-
matics, business, or vocational education, and such courses
are taught by individuals with appropriate subject area
credentials. According to state officials, teachers who are
certified in computer science and have at least twenty-four
hours of credit in mathematics, but not necessarily as part
of a math education certification program, could be allowed

through transcript evaluation to teach a course classified
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as computer mathematics. A course entitled computer science
may be taught only as an experimental course in secondary

schools in the state of Texas.

Wisconsin

Computer science certification is available in
Wisconsin to individuals who complete state-approved pro-
grams with a teaching major or minor in computer science.
Thirty-four semester hours of computer science are required
for a teaching major and twenty-two hours for a minor.
Twelve of the thirty-one teacher training institutions in
Wisconsin offer a teaching minor in computer science. The
program at the University of Wisconsin at Green Bay is
considered representative of all the programs in the state.

The total number of certified computer science teachers
in Wisconsin was not available. One hundred seventy-one
licenses were issued in 1981-1982. Most of these were
issued through Wisconsin's liberal grandparenting clause
which is still in effect. Certification is available
through this clause to all who have had at 1east one year of
experience teaching computer science. Teachers who are
certified in other areas may obtain computer science certi-
fication either by meeting the grandparenting provisions or
completing a twenty-two semester hour teaching minor in

computer science.
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Conflicts With the Literature

As noted in Chapter II, published reports since 1975
have conflicted regarding the number of states that offer
computer science certification. Statz (1975a, 1975b) re-
ported that only two states, Wisconsin and Minnesota, were
certifying computer science teachers in 1975. Meinke and
Bauer (1976) confirmed in 1976 that this was still the case.

In October, 1976, Statz (1976) in an article entitled
"Another State Certifies Computer Science," says that as of
June 14, 1976, Ohio has offered certification in a major and
minor field of computer science. Statz (1976) also stated
that Minnesota, Wisconsin, and Texas also were offering
computer science certification at that time. 1In 1977,
Moursund named the same four states as those that offer
certification in computer science. Two 1979 reports differ,
however, on the number of states. Poirot (1979) claimed
that five states had adopted computer science certification
standards, and Milner (1979) reported that only four states
had such standards. Neither Poirot not Milner identify the
states that were being counted.

The Tast report found on this matter was published by
Hector in 1980. Hector surveyed each state and concluded
that only two states, Texas and Wisconsin, offered computer
science certification. Neither Minnesota nor Ohio was iden-

tified by Hector as a state in which such standards had been
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adopted. Thus, Hector's finding directly conflicts with the
earlier reports about the number of states that certify
computer science teachers and the status of Minnesota and
Ohio in particular.

According to the data collected by this study, neither
Minnesota nor Ohio have adopted computer science certifica-
tion standards. In addition, Arizona and I11inois have been
jdentified as states in which such certification is now
possible. Follow-up phone calls to clarify each state's
position were made to all four states.

Officials in Minnesota insist that no such standards
have been adopted in that state. No way was found to
account for the earlier published reports to the contrary.

Ohio is an unusual case. No state standards have been
adopted, but a special exception has been granted in the
case of graduates of the program at Bowling Green State
University. Thus, Ohio's exact status depends upon the
individual's interpretation of the situation. In all prob-
ability, this unusual set of circumstances in Ohio has led
to the conflicting reports.

Certification standards in Arizona have been es-
tablished only within the last few months of 1982, certainly
after the publication of all of the previously identified

reports. Thus, Arizona is a valid new addition to the list.
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Provisions have been established in I1linois for quite
some time to grant certification in any area that was an
approved subject in the Illinois public schools through
completion of a thirty-two hour coursework major. However,
only within the last few years has computer science been
such a course and the one state-approved program instituted.
Therefore, ITlinois was rightfully omitted from earlier
reports, but should now be included in any such list.

Analysis of the Data Collected by the Survey
of State Certification Officers

According to the data collected by this study, only
four states, Arizona, Il1linois, Texas, and Wisconsin, have
adopted standards for the certification of teachers in the
area of computer science. Ohio, in one special case, couid
issue a license in computer science, but statewide standards
have not been developed in Ohio.

Although adoption of computer science standards by the
various states appears to be progressing very slowly, the
evidence does show that computer science is moving into the
high schools and that many states have at least developed
regulations pertaining to the instruction of such courses.
Today, many states have identified and approved the academic
computer science courses that can be taught in public
schools and have classified them under various subject

areas. They also have developed special accreditation
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guidelines for determining who is allowed to teach these
courses. California, Pennsylvania, and South Dakota appear
to be the leaders in this movement.

Several of the certifiqation officers interviewed dur-
ing the follow-up phone calls feel that given the relatively
small number of teachers who have actually completed enough
computer science coursework to meet any potential certifica-
tion standards, that development of some measures of quality
control for school accreditation purposes is the most ap-
propriate goal for their state at this time. Doubt was
expressed that individuals with a substantial number of
hours in computer science, even if certified, would actually
pursue teaching as a career., It was thought that such
individuals would probably seek more lucrative positions in
industry or serve as consultants to the local school dis-
tricts. Their efforts are better spent, they believe, in
jdenti fying those teachers who have some computer science
training and adopting regulations whereby they could be
assigned to teach computing classes.

It would appear that little progress has been made in
terms of the number of states that offer computer science
certification. The most substantial apparent result is an
increased awareness of the growing demand for computer sci-

ence in the secondary schools and the responsibility of the
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states to insure the quality of the preparation of teachers
assigned to conduct such courses.

At present, few states now offer a broad range of
academic computer science subjects in high school. 1If pre-
dictions come true about the downward migration of the
college computer science curriculum into the high school,
more high schools may establish computer science departments
and more states may move toward the adoption of state com-

puter science certification standards.
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CHAPTER V

REVIEW OF SELECTED STATE-APPROVED COMPUTER
SCIENCE EDUCATION PROGRAMS

Certification officers in each state in which computer
science teacher certification standards have been adopted
were asked to identify one state-approved computer science
teacher training program in their state that is representa-
tive of all the programs in the state. The universities
named were the University of Arizona, the I11inois Institute
of Technology, North Texas State University, and the
University of Wisconsin at Green Bay. In addition, although
Chio has not adopted state computer science certification
standards, it has granted approval for certification of
graduates of the state-approved program at Bowling Green
State University.

The purpose of this chapter is to review the programs
at the five universities cited. The following sections
contain brief narrative descriptions of each program that
emphasize the computer science coursework component. The
programs are listed alphabetically by state. Sources of
information for the descriptions include the catalogs and

brochures provided by the institutions and telephone

72



73

conversations with appropriate representatives of each

institution.

The University of Arizona

The University of Arizona offers a Bachelor of Science
in Secondary Education with a teaching minor in computer
science. Students who are enrolled in this program also
choose a teaching major from a list of approved major fields
offered at the university. Computer science is available
only as a minor teaching field at the University of Arizona.
Presently, no college or university in the state of Arizona
offers a state-approved program that includes a teaching
major in computer science.

Arizona certifies teachers only in major subject
fields. Certified teachers who complete twenty semester
hours of coursework in a teaching field other than their
major field may be assigned by schools to teach in the field
in which the additional coursework was done. Such a teacher
is approved but not certified in the additional field.

Therefore, graduates of the program at the University
of Arizona that includes the eighteen-hour teaching minor in
computer science are not eligible for computer science
certification but could possibly be approved to teach com-
puter science. Since there are no state-approved progranms
in Arizona that offer a teaching major in computer science,

individuals who desire computer science certification in
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Arizona could be granted such credentials through transcript
evaluation after completion of thirty semester hours of
computer science coursework. Presumably, then, any graduate
of the program at the University of Arizona who has the
additional coursework could be certified by the state in the
field of computer science.

Recently, changes have been made in the computer sci-
ence course sequence that is required for a teaching minor
at the University of Arizona. These changes will be re-
flected in the 1983-1985 catatog. The courses identified in
this summary are those in the new course sequence instead of
the courses outlined in the 1981-1983 catalog.

A computer science teaching minor at the University of
Arizona consists of eighteen semester hours of computer
science, which includes five required courses and one elec-
tive. The elective must be a 400-Tevel course, which are
reserved for advanced undergraduate courses.

The five required courses are course 115, Computer
Science Principles, course 227, Program Design and
Development, course 237, Introduction to Assembly Language
Programming, course 327, Comparative Programming Languages,
and course 342, Data Structures. The catalog descriptions
of these courses are included in the Appendix.

The first two courses, 115 and 227, are beginning and

advanced courses in problem analysis, algorithm design, and
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program development using a high-level language. The titles
of the remaining three required courses accurately describe
course content.

The courses that comprise the teaching minor at the
University of Arizona are determined by the computer science
department. Students who are enrolled in the program are
supervised, however, by the secondary education department.
A1l of the minor courses are part of the normal computer
science course sequence that is taken by computer science
majors. The emphasis of the courses selected is on the
development of sound computer scientists.

Noticeably absent from this program are courses that
concentrate on the educational aspects of computer science.
The College of Education at the University of Arizona now
offers two experimental courses, an introductory course on
microcomputers in education and a more advanced course on
microcomputer applications, that emphasizes areas such as
computer-assisted instruction, design of computer-based
materials, and curriculum design. These courses could be
elected by the secondary education major who is minoring in
computer science. If the program is expanded to include a
major in computer science, some of the additional coursework

may be courses such as these that bridge both fields.
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I11inois Institute of Technology

The I1linois Institute of Technology offers the only
state-approved computer education program in the state of
ITTinois. In past years, the two available programs were an
undergraduate program with a teaching minor in computer
science, and a master's program specifically for certified
teachers. The undergraduate program has recently been dis-
continued. The master's program is discussed in this
summary.

The Master of Science for Teachers, or MST degree in
computer science, was developed in 1970 (Bauer and Meinke,
1975). The program "evolved as a result of computer science
emerging as a separate discipline at the secondary school
level" (Meinke and Bauer, 1976, p. 35). The purpose of the
program is not to teach an individual how to teach per se,
but to strengthen an experienced teacher's academic back-
ground in computer science as well as the teaching of
computer science,

Applicants must have a bachelor's degree and at least a
B average on the entire undergraduate program or appropriate
evidence attesting to the individual's ability. In addi-
tion, the program is open only to certified teachers who
have a minimum of three years of successful teaching ex-

perience.
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Three computer science courses, or their equivalent,
are required prerequisites for the MST program. These
courses inctude CS 460, Fundamentals of Computers for Teach-
ers (an introduction to programs and languages), CS 461,
Practicuum in the Teaching of Computer Science (which deals
with the practical experience of teaching computer science
in secondary schools), and CS 350, on computer systems and
organization (which includes assembly language programming).

About thirty people have completed the program. Those
who are currently enrolled are part-time students who hold
teaching positions. An average of three and a half years of
part-time study is needed to complete the program. Under
standards recently adopted by the state of I11linois, MST
graduates are eligible for computer science certification
through transcript evaluation.

The MST program is a state-approved program of thirty-
two hours of coursework which is divided into three com-
ponents. The program includes a core component of fifteen
semester hours, a twelve-hour elective program, and a five-
hour project.

The core component requires CS 440, Programming
Languages and Translators I, CS 485, Computers and Society,
CS 560, Computer Science in the Classroom, CS 561, The
Computer and Curriculum Content, and a choice between CS$

565, Computer-Assisted Instruction, and CS 566, Practicuum
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in the Application of Computers in Education. The core
group was designed to provide training in the academic
computer science areas that are most important to teachers
as well as an in-depth examination of topics of importance
to those who are designing and implementing computer science
courses in high schools.

CS 560, Computer Science in the Classroom, emphasizes
commonly used programming languages and their use in the
classroom. A discussion is included of how and what to
teach in a high school computer science course. CS 561 and
565 concentrate on the organization and preparation of com-
puter-based instructional units and their implementation in
secondary schools. CS 566 offers supervised experience in
the development of computer-based teaching units for disci-
plines other than computer science. According to a 1976
article by the program director, CS, 485, Computers and
Society, was included in the program because secondary com-
puter science teachers usually teach a unit on that subject
in a high school course (Meinke and Bauer, 1976).

The core group represents a well-organized group of
courses that are specifically designed to address the needs
of high school computer science teachers. The elective
program consists of twelve hours of coursework at the 400
and 500 Tevels. Students must plan, with the guidance and

consent of their advisors, an elective program of courses
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that are selected from the offerings of the computer science
department or, when appropriate, from other departments.

A11 of the 400-500 level computer science courses (other
than those in the MST required core group) concentrate on
aspects of computer science other than educational uses.
Through the elective program, the student can acquire spe-
cialized knowledge about a particular area of computer
science.

A11 students in the program must complete a five-hour
project that deals with some aspect of computer science or
with computer science as it is applied to another academic
discipline. 1In addition, to receive the MST degree, stu-
dents must pass a written comprehensive exam over the core
curriculum.

The MST program is designed to produce individuals who
have a sound computer science background and an in-depth
understanding of the relationship between computer science
and education. Graduates are particularly well-versed in
the principles of teaching secondary computer science clas-

ses.

Bowling Green State University in Ohio
The computer science education program at Bowling Green
State University is the only avenue that leads to certifica-
tion in computer science in the state of Ohio. No state

standards have been adopted, but an exception has been made
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in the case of this one university in Ohio. Bowling Green
State University offers a Bachelor of Science in Education
that leads to certification in computer science. Both
teaching majors and minors are available through this pro-
gram.

Thirty hours of computer science coursework are
required for a teaching major in computer science. Students
must select either CS 101, Introduction to Programming, or
CS 103, FORTRAN Programming. Both courses cover programming
development and algorithm design using FORTRAN as a program-
ming langqguage. CS 103 requires prior extensive programm}ng
experience and CS 101 assumes no prior experience.

Six other computer science courses are explicitly re-
quired for a computer science teaching major. These include
CS 201, Assembler Language Programming, CS 205, Advanced
Programming Techniques, CS 305, Data Structures, CS 306,
Programming Languages, and CS 307, Computer Organization.

Although nine of the thirty hours are electives, it is
stipulated that six of these nine hours must be at the 400
Tevel, Five other computer science courses are excluded
from the electives for a teaching major or minor.

Twenty-one semester hours are needed for a teaching
minor in computer science. Students in this program also
must have credit for either CS 101 or CS 103. Two other

courses, S 201 and CS 205, are required. The twelve
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remaining hours are electives that have no course-level
restrictions. The program at Bowling Green State University
is strongly oriented toward development of competencies in
the theoretical and technical aspects of computer science.
The required courses are all part of the normal sequence of
computer science courses taken by all computer science
majors.

No courses that deal! with the educational aspects of
computing are included in the curriculum. CS 100, Computer
Basics, which is specifically excluded from this program,
includes discussions of social issues and BASIC programming.
Many of the CS 100 topics are similar to those normally
included in basic computer literacy classes, which many high
schools may soon offer. Such a course could be very valu-
able to a high school teacher.

The program at Bowling Green State University is a
strong academic computer science program. Graduates are
well-prepared for jobs as computer professionals but may
have inadequate training in some areas of computing that are
most important to high school teachers. If predictions of
the downward migration of the college computer science cur-
riculum are accurate, teachers with such in-depth training

may be needed and sought by many high schools.
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North Texas State University

Computer education has been an area of concern and
attention at North Texas State University for several years.
A wide variety of courses and programs has been developed to
provide for the computer education needs of teachers in all
phases of their training. Computer education programs
available include specialized courses at the graduate and
undergraduate level, computer science teacher certification
programs, and an interdisciplinary master's degree program
in computer-based educational systems. Two doctoral pro-
grams within the College of Education allow concentration in
the area of computer science.

A review of all the programs, both at the undergraduate
and graduate level, could be productive for those who are
planning to meet the computer education needs of other
colleges and universities. Since this study is delimited to
an examination of the state-approved certification programs
that were identified by state certification officers, only
the certification programs at North Texas State University
are summarized.

North Texas State University offers a 124-semester hour
program that leads to a Bachelor of Science degree in sec-
ondary education. A major component of this program is
academic specialization. One plan for academic specializa-

tion requires first and second teaching fields, both
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selected from a list of approved teaching fields. Computer
science is designated as an approved teaching field.

A minimum of twenty-seven semester hours of computer
science coursework is required for a first teaching field.
Four computer science courses--110, 111, 310, and 410--are
explicitly required. Fifteen additional hours of computer
science electives, of which at least nine are advanced, must
be selected. For a second teaching field, however, only
twenty-four hours of computer science coursework are needed,
In this case, the same four required courses (CSCI 110, 111,
310, and 410) are required as well as twelve hours of
computer science electives, with a minimum of six hours in
advanced courses.

The first two required courses, CSCI 110, Introduction
to Computer Science, and CSCI 111, Program Development, are
beginning and advanced courses in program and algorithm
design using a high-level language. The language used in
the first course is BASIC, but the language in the second
course is not specified. The second course also covers
principles of structured programming, which could imply that
a more modern structured language is used.

The two other required courses are CSCI 310, Computer
Systems Analysis, and CSCI 410, Computer Science for the

Teacher. The titles of both of these courses provide
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accurate descriptions of course content. Catalog descrip-
tions of all four required courses are in Appendix 1.

Since only twenty-four hours of coursework are needed
for certification in Texas, students who complete the re-
quirements for computer science as either a first or second
teaching field are eligible for certification in computer
science in the state of Texas. Through the program of-
ferings at North Texas State University, computer science
certification may be obtained by both pre-service teachers
who are seeking initial certification and in-service teach-
ers who are seeking credentials in an additional teaching

field.

University of Wisconsin at Green Bay

The University of Wisconsin at Green Bay offers an
undergraduate degree program through the Department of
Education that leads to a bachelor's degree in education
with a teaching minor in mathematics-computer science. The
program, which was instituted about five years ago, was the
second computer science certification program established in
the state. Students who complete the program are eligible
for state certification to teach computer science in grades
seven through twelve.

The teaching minor must be taken in conjunction with an
appropriately related teaching major. Most students enrol-

1ing in the program pursue a teaching major in mathematics.
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A11 computer science courses are taught under mathematics
course numbers by mathematics department faculty.

The teaching minor requires a2 minimum of twenty-five
semester hours of math coursework. Eight courses, covering
all twenty-five hours, are explicitly required. The methods
course in mathematics and student teaching in computer sci-
ence or mathematics is required. Seven math courses are
designated as approved electives in this curriculum.

Three of the eight required courses (eleven
of the twenty-five required hours) are traditional mathe-
matics courses. These include MATH 202, Calculus and
Analytic Geometry I, and MATH 203, Calculus and Analytic
Geometry II, both of which are four semester hour courses,
and a three-hour course, MATH 320, Linear Algebra.

The remaining five required courses are normally con-
sidered to be computer science courses. The first three of
these courses, which are MATH 255, FORTRAN: A Specific Pro-
gramming Language, MATH 256, Introduction to Computer
Science I, and MATH 257, Introduction to Computer Science
II, concentrate on aspects of programming and algorithm
design using a high-level language. MATH 256 and 257 are
three credit hours each; MATH 255 is a two credit hour
course.

The other two required courses are MATH 351, Data

Structures, Storage, and Retrieval, and MATH 353, Computer
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Organization and Programming, both three credit hour
courses. The material included in MATH 351 matches closely
the course content of most data structures courses. A major
component of MATH 353 is a thorough study of assembly lan-
guage programming in addition to an overview of computer
organization.

A1l of the courses in the elective group are computer
science courses. Since most of the students are also seek-
ing teaching majors in math, it is possible that the eleven
hours of traditional math courses in the required group
might be counted in the math major. Eleven hours would then
be taken from the elective group. Included in this group
are MATH 350, Numerical Analysis, MATH 354, Compiler Theory,
MATH 450, Theory of Algorithms, MATH 451, Data Base Manage-
ment Systems, MATH 453, Systems Programming, and MATH 455,
Microprocessors and Microcomputer Systems, all of which are
three credit hour courses. A one-hour course, MATH 359,
Computer Simulation, may also be elected.

The required and elective courses identified are all
courses in the computer science curriculum that a person who
is seeking a teaching minor is allowed to take for credit
toward the minor. No courses are offered in the sequence
that deal with the educational aspects of computer science.

For a computer science teaching minor, students are

required to take a course in the materials and methods of



87

teaching secondary mathematics. From the information pro-
vided, it is unclear whether any part of the methods course
is devoted to the teaching of computer science. Students
could choose, however, to do student teaching in computer

science.
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CHAPTER VI

REPORT ON OPINIONS OF SELECTED LEADERS
IN THE FIELD OF COMPUTER
SCIENCE EDUCATION

This chapter includes tabulations of the responses of
the selected lTeaders in the field of computer science educa-
tion to the survey on the nature of computer science
education and the content of teacher training programs. The
questionnaire was mailed to forty selected leaders in the
field. Thirty-nine of the questionnaires, which represents
97 per cent of the sample, were returned. Follow-up proce-
dures employed were reminder letters and telephone requests.
It is worthy of note that thirty-five questionnaires were
returned in response to the initial maiting without ad-
ditional solicitation.

This report is divided into four parts, with each
part containing the data collected from one of the four
sections of the survey instrument and the analysis of that
data. The first part presents the results of section A,
which deals with opinions on general issues in computer
science education. The next part presents the information
collected in section B, which concerns computer science

courses most appropriate for programs that train computer
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science teachers. The third part describes the data col-
lected in part C, the identification of the high-level
languages that a teacher should know. The final part con-
tains the replies to the open-ended question in section D of
concluding remarks.
Opinions on General Issues in
Computer Science Education

Respondents were asked to express their opinions using
a five-point scale on eighteen items dealing with the nature
of computer science education. These items, numbered as
they appear on the survey instrument, are shown in Table
II. Each individual's responses to the items is depicted in
Table III. Respondents are numbered in Table IIIl according
to the numeric code used on the survey forms for the purpose
of follow-up solicitations.

The intent of this study was to examine the entire
group's opinion on each item rather than an individual's
response to each item. Therefore, Table III is included
for the purpose of completeness in the presentation of the
data but not for analysis of results.

Frequency counts of the number of times each of the
five possible responses is given to each item and the mean
of the responses to the item are shown in Table IV. Items
in Table 1Y are identified by number on the survey form.

Table II may be consulted for the exact wording of the item.
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TABLE II

GENERAL ISSUES IN COMPUTER
SCIENCE EDUCATION

Item Number Item Content

1 Computer science is a distinct disci-
pline not a part of any other subject.

2 Basic computer literacy should be re-
quired of all high school graduates.

3 There are enough full-time positions for
teachers of computer science, that a
computer science teacher will not need
certification in another area of
specialization to be employed.

4 Most administrators support the in-
troduction of computer science into the
high school curriculum.

5 Certification of computer science teach-
ers is a national problem that demands
immediate attention.

6 By 1990, the first-year computer science
courses now being taught in most col-
leges and universities will be taught in
high school.

7 Cost of computer hardware is no longer a
major deterrent to the introduction of
computer science into the high school
curriculum.

8 More indepth training is needed for a
teacher who will teach about computers
than one who simply uses computers in
the classroom.

9 In the near future, most high schools
will form computer science departments.
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TABLE II--Continued

Item Number

Item Content

10

11

12

13

14

15

16

17

18

Computer literacy is the next great
crisis facing American education.

Most parents feel that computer '
education should be a part of their
child's general education.

Colleges and universities must act
quickly to develop computer education
programs to train prospective teachers
of computer science.

Teachers of computer science should be
certified in the area of computer
science and not in another subject
field which encompasses computer
science.

There is a definite downward movement of
the computer science curriculum now
found in colleges and universities into
the high school.

A major barrier tc the implementation of
high school computer science courses is
the lack of a supply of adequately-
trained teachers.

Credit for a high school computer
science course should be given as a unit
of computer science and not a unitof
math, science, or business.

Most teachers feel that computer science
should be included in the general
education of all students.

There are now many programs in this
nation designed to train computer
science teachers.
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Survey Items 10 through 18

18

eIt Dt~ S N

OSSN W ST DM WNWD

17

—=SWOMIONNNYET NGNS NN AN NN A NN™M

s T N A TN NN

16

et e M OANN N e = N TN NN = NN N

et = M AN N—AM e N OO

15

Al A NS N Al N s NN OO — N OO

L e e B I I I S B I I o V]

14

Nt A A N A NN N A NN A~ NN — O N

A = NN ANNN O

13

Nt rd = NN NS A e TN NN~ NNNNAST 0 et

et = NN O = NN

12

ot et e A N N v el vl S A N NN A et N e e ) == O

e e O D) e et e e O e WD) ey

11

Neet NN NI N ANNAST N AN NN-ON NN

TN ANNANNNNAANNN

10

N AN A M SN MA ST A MMM e M A=A N NN

SN N M = NS OO KD e




TABLE IV

FREQUENCIES AND MEANS OF RESPONSES
TO GENERAL ISSUES IN COMPUTER
SCIENCE EDUCATION

95

Frequency of Responses {N = 39)
Very Very

Survey | Strongly No Dis~- Strongly
[tem Agree Agree Opinion agree Disagree Mean
1 21 11 2 5 0 1.76
2 29 9 0 0 1 1.33
3 7 11 7 12 2 2.76
4 3 18 8 10 0 2.64
5 19 13 4 2 1 1.79
6 18 17 1 0 3 1.79
7 13 18 1 6 1 2.07
8 29 10 0 ] 0 1.25
9 2 11 8 17 1 3.10
10 11 12 6 7 3 2.46
11 7 26 3 2 1 2.07
12 27 9 2 0 1 1.43
13 14 16 3 4 2 2.07
14 18 18 0 2 1 1.71
15 23 14 0 2 0 1.51
16 14 16 6 2 1 1.97
17 7 10 11 8 3 2.74
18 2 2 4 15 16 4.05
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Item nineteen in this section of the survey instrument
is an open-ended question asking for additional comments or
insights about the general nature of computer science educa-
tion. The remarks of the nineteen individuals who responded
to this item on the survey form are included in Appendix J.
These comments address many issues over a broad range of
topics. Rather than force a classification onto the com-
ments, the comments are presented in random order without
any relationship to the numbering of respondents in Table
ITI. Many worthwhile ideas are presented in the comments.
Discussion of the individual comments would be a complex and
lengthy matter beyond the scope of this study. The comments
are not, therefore, individually analyzed.

The data are perhaps more descriptive for analysis when
expressed in terms of percentages rather than frequencies.
InTable V, the number of times each response was given to
an item is expressed in terms of percentage of the total
number of responses to the item.

Inspection of Tabte V data reveals that over 65 per
cent of the respondents agree very strongly with items two,
eight, and twelve. Such a strong response to these items
indicates overwhelming support for the ideas expressed.

In particular, the respondents clearly indicate their
feelings that computer literacy should be required of all

high school graduates. There is strong agreement with the
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PERCENTAGE OF EACH RESPONSE TO EACH ITEM ON GENERAL

ISSUES IN COMPUTER SCIENCE EDUCATION

Percentage of Responses (N = 39)
Very Very
Survey Strongly No Dis- Strongly
Item Agree Agree Opinion agree Disagree

1 53.84 28.20 5.12 12.82 0.00
2 74.35 23.07 0.00 0.00 2.56
3 17.94 28.20 17.94 30.76 5.12
4 7.69 46.15 20.51 25.64 0.00
5 48.71 33.33 10.25 5.12 2.56
6 46.15 43.58 2.56 0.00 7.69
7 33.33 46.15 2.56 15.38 2.56
8 74.35 25.64 0.00 0.00 0.00
9 5.12 28.20 20.51 43.58 2.56
10 28.20 30.76 15.38 17.94 7.69
11 17.94 66.66 7.69 10.25 5.12
12 69.23 23.07 5.12 0.00 2.56
13 35.89 41.02 7.69 10.25 5.12
14 46.15 46.15 0.00 5.12 2.56
15 58.97 35.89 0.00 5.12 0.00
16 35.89 41.02 15.38 5.12 2.56
17 17.94 25.64 28.20 20.51 7.69
18 5.12 5.12 10.25 38.46 41.02
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idea that more in-depth training is needed for teachers who
teach about computers than for those who simply use com-
puters in the classroom. Consistent with these findings is
concurrence with the idea that colleges and universities
must act quickly to develop computer education programs to
train prospective teachers of computer science.

Item eighteen is the only item that produced strong
disagreement. Although the level of disagreement for the
item (there are now many programs in the nation designed to
train computer science teachers) is far lower than the high
level of strong agreement for items already mentioned, it is
notable when compared to the low levels of disagreement on
other items.

Indicators of general agreement or disagreement with
the other fourteen items are best derived when the responses
are grouped into three categories. Table VI data combine
the frequencies of those who agree or very strongly agree
into one figure and the frequencies of those who disagree or
very strongly disagree into another figure. The number of
no opinion responses is left unchanged from Table IV.

Table VI data also reveals the unanimous agreement with
item eight, which deals with the need for in-depth training
by those teaching about computers. Analysis of these data

is further enhanced when these frequencies, expressed in
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TABLE VI

CUMULATIVE FREQUENCIES OF RESPONSES TO GENERAL
ISSUES IN COMPUTER SCIENCE EDUCATION

Cumulative Frequency (N = 39)
Survey Agree or Very Disagree or Very
Item Strongly Agree Strongly Disagree No Opinion
1 32 5 2
2 38 1 0
3 18 14 7
4 21 10 8
5 32 3 4
6 35 3 1
7 31 7 1
8 39 0 0
9 13 18 7
10 23 10 6
11 33 3 3
12 36 1 2
13 30 6 3
14 36 3 0
15 37 2 0
16 30 3 6
17 17 11 11
18 4 31 4
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terms of number of responses, are converted to a cumulative
percentage of total responses as shown in Table VII.

According to the data in Table VII, there is over 75
per cent general agreement with nine items in addition to
the three items, numbers two, eight, and twelve, already
discussed. Items in this category are numbers one, five,
six, seven, eleven, thirteen, fourteen, fifteen, and six-
teen. More than half of the respondents generally agree
with items four and ten. Thus, there is a tendency towards
agreement with these two items, but not at the 75 per cent
level of the other nine items.

The areas of agreement indicate strong feelings about
the emergence of computer science as a discipline in the
high schools and the certification of computer science
teachers. In particular, it is generally agreed that com-
puter science is a distinct discipline, not a part of any
other subject area and that teachers of computer science
should be certified in computer science and not in another
subject field encompassing computer science. Certification
of computer science teachers is perceived as a problem that
demands immediate attention. In addition, those surveyed
feel that credit for a high school computer science course
should be given as a unit of computer science and not as a

unit of mathematics, science, or business.
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CUMULATIVE PERCENTAGES OF RESPONSES TO GENERAL
ISSUES IN COMPUTER SCIENCE EDUCATION

Cumulative Percentage (N = 39)
Survey Agree or Very Disagree or Very
Item Strongly Agree Strongly Disagree No Opinion
1 82.05 12.82 5.12
2 97.43 2.56 0.00
3 46.15 35.89 17.94
4 53.84 25.64 20.51
5 82.05 7.69 10.25
6 89.74 7.69 2.56
79.48 17.94 2.56
8 100.00 0.00 0.00
9 33.33 46.15 20.51
10 58.97 46.15 20.51
11 84.61 7.69 7.69
12 92.30 2.56 5.12
13 76.92 15.38 7.69
14 92.30 7.69 15.38
15 94.87 5.12 0.00
16 76.92 7.69 15.38
17 43.58 28.20 28.20
18 10.25 79.48 10.25
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The respondents perceive a definite downward movement
of the computer science curriculum now found in colleges and
universities into the high school curriculum. There is
strong opinion that by 1990, the first-year computer science
courses now taught in colleges and universities will be
taught in high school.

Although cost of computer hardware is no longer viewed
as a major deterrent to the introduction of computer science
into the high school curriculum, the lack of a supply of
adequately-trained computer science teachers is seen as a
major barrier. Respondents indicate that most parents feel
that computer education should be a part of their children's
general education.

The level of general agreement on all items discussed
in the preceding paragraphs is above 70 per cent. On two
other items, there is a tendency towards agreement. Over 50
per cent of those surveyed believe that computer literacy is
the next great crisis facing American education. A majority
also accept the notion that most administrators support the
introduction of computer science into the high school cur-
riculum.

The biggest problem area, as indicated by these data,
is the attitudes of the teachers. Less than half of the
respondents believe that teachers support the inclusion of

computer science as a part of the general educationof all
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students. In fact, almost 30 per cent of those responding
chose the no opinion option in response to the item dealing
with the attitudes of teachers.

Opinions were fairly evenly divided on items three and
nine. In neither case is there a majority opinion. In both
cases, a substantial number of respondents chose the no
opinion option. More respondents agree than disagree with
item three. The data are not conclusive, however, about
whether or not there are enough full-time positions for
teachers of computer science so that computer science teach-
ers should not need certification in another area of
specialization in order to be employed. Through the years,
the problem of employment has been one of the chief factors
cited by even the most avid proponents of computer science
education as a major reason not to offer computer science
certification. It appears from this survey that the argu-
ment against certification because of employment problems is
still valid in the minds of some and that others are unsure
if conditions have changed and venture no opinion.

While there is no majority opinion on item nine, more
respondents disagree than agree that in the near future most
high schools will form computer science departments. It is
of interest that all but two of the seventeen respondents
disagreeing with this item also agree that the first year

computer science courses now taught in college will be
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taught in the high school by 1990. Likewise, all but two
agree that there is a definite downward movement of the
college computer science curriculum into the high school.
Therefore, no certain conclusions can be drawn from the

survey on the issue brought up by the item.

Analysis and Summary

The opinions expressed in this survey point towards a
possible bright future for computer science in the high
school. Computer science is emerging, in the opinion of
those surveyed, as a discipline in high schools, with a
trend seen towards movement of the more academic computer
science courses now taught in college into the high school.

Respondents indicate that academic credit for computer
science courses should be given as a unit of computer sci-
ence and that teachers should be certified in computer
science. Certification of computer science teachers fis
identified as a problem that warrants immediate attention.

Parents and school administrators support the introduc-
tion of computers into the high school. Respondents feel
that computer Titeracy should be required for high school
graduation. Colleges and universities should act quickly to
develop programs to provide the in-depth training needed by
computer science teachers. Those surveyed indicate that few

programs are now in existence.
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Implications

Although opinions were fairly evenly divided on the
other issues, the overwhelming agreement on the issues cited
should carry with it broad implications to the educational
community. Educators should become aware of the coming of
the computer age to education and the implied responsibili-
ties that accompany its arrival. Plans should be made now
to implement computer education in high schools, including
the preparation of an adequate supply of qualified, well-
trained teachers. Standards should be adopted so that
teachers with appropriate preparation can be certified in
the field of computer science and be encouraged to pursue a
career as a computer science teacher.

Opinions About Computer Science Courses Most
Appropriate for a Program to Train
Computer Science Teachers

The purpose cf this section of the survey instrument
was to identify those courses most appropriate for computer
science teachers. Respondents were asked to designate a
maximum of six courses from a list of twenty-four possible
courses to be part of a required group of courses. A maximum
of six courses were to be picked for an elective group. An

option was available to write in other courses which might

be more appropriate than the twenty-four listed.
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Opinions About A Course on the Materials
and Methods of Teaching
Computer Science

Prior to choosing the required and elective courses,
respondents were asked to reply to an open-ended question
about a course in the materials and methods of teaching
computer science. In some of the programs examined by the
researcher, such a course was part of the professional
education component and in others it was a computer science
course. Due to the conflict about the proper place for such
a course, it was not included in the list of courses.

Respondents were asked to express their opinions about
the appropriateness of the course and its proper place in
the curriculum. The comments of the eleven individuals who
replied to the open-ended question are transcribed in Table
VIII. The comments are numbered so that they may be easily
referenced in the following discussion. The order of the
listing of the comments does not relate to the numbering of
respondents in Table III.

Of the eleven comments, nine can be interpreted to be
in favor of inclusion of such a course in a computer science
teacher training program. The exact intentions of two com-
ments are unclear. Comment five, not required, could be
interpreted in several ways, minimally that such a course

should not be required. Whether such a course is considered
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TABLE VIII

COMMENTS ABOUT A COURSE IN THE MATERIALS AND METHODS
OF TEACHING COMPUTER SCIENCE

Reference
Number

Comment

1

Yes, there should be a methods course -
who teaches it is not important as long
as they are competent.

Everyone who is a certified teacher
should have a methohds class in their
subject area which includes use of a
computer. An optional and more exten-
sive class on computer use {not program-
ming) should also be offered.

The course is essential. Should normally
(given qualified faculty) be taught in
the educational department. So should
some of the introductory computer
science courses.

I think it should be included. The tea-
chers and students in these programs
(computer science) will, like it or not,
become a resource to other programs
within the school. Therefore, they
should have some idea about how other
programs use and apply computers.

Not required.

I feel that such material is important

in teacher training but I'm not such a

purist that I believe it must be in one
place or the other. Either will do.

For now, it must be in computer science.
There simply is not the experience, in
general, in schools of education. When
we are strong enough to have departments
of computer science education, then it
can be done.
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TABLE VIII--Continued

Reference
Number Comment
8 Belongs in whatever department has a
person with both a) computer science
background and b) direct experience
teaching pre-college and strong teaching
methods background.
9 I think it should be in the education
component - team taught by educator and
a computer science person.
10 I think it is appropriate; perhaps
included in the "Computer and Education"
course (No. 11).
11 Needed course in the professional

education component.
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appropriate is not clear. The exact meaning of comment two,
and how it applies to the gquestion, is also unclear.

In addition, comment ten supports inclusion of the
course and suggests the possible inclusion of the course
material within the framework of another course. The
general opinion, however, with a small degree of dissent, of
those responding seems to be strongly in favor of the inctu-
sion of a course in the materials and methods of teaching
computer science in programs that are designed to train
computer science teachers.

Opinions were divided as to the proper place for this
course. Three people feel that the course is properly a
part of the education component of teacher training pro-
grams. One respondent commented that placement depends on
the availability of qualified faculty. For another, the
course should be team-taught by the computer science and
education departments.

One individual considers the course to be the property
of the computer science department by reason of lack of
available expertise in the education department. Two res-
pondents give no indication of the proper place for the
course.

Three of the respondents believe that the exact place-

ment of the course is not critical. More emphasis was
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placed by these respondents on the qualifications of
individuals who teach such courses.

The best general description of the responses to this
section is that a course in the material and methods of
teaching computer science is indeed appropriate and desir-
able in programs that train computer science teachers. For
the present, the choice of the department that offers the
course and the instructors for the course depend on the

local expertise available.

Selection of Required and Elective Courses

Thirty-seven of the thirty-nine respondents answered
the section devoted to the choice of reguired and elective
courses that should be included in programs designed to
train computer science teachers. The raw data, showing
which courses were selected by each individual, is used to
generate frequency counts for each course.

Respondents had the option of writing in additional
courses rather than Timiting their choices to the list of
courses provided. Several individuals chose this option and
picked some of the courses from the 1ist on the form and
wrote in others, still 1imiting the total number of courses
to a maximum of six required courses and six elective
courses. Only two of the courses written in could be con-
sidered to be equivalent. 1In all other cases, the course

written in was the selection of only one individual. None
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of these additional courses was found with sufficient fre-
quency to be a factor in the findings of this section.

A display of the raw data, listed by respondents,
showing only selections from the twenty-four course list
would unfairlty depict the opinions of those who also wrote
in courses. The data are displayed, therefore, in fre-
quency tables based on the 1ist of courses rather than
individual responses. The written-in courses are presented
in Appendix K.

In Table IX, the twenty-four courses are listed in the
same order as on the survey form by the full name of the
course. Also included are the number of times each course
was selected as either required or elective and the total
number of times selected. The ordering of the information
in Table IX is convenient for location and examination of
courses by number. In addition, Table IX gives a complete
description of all the data compiled from this section of
the survey instrument.

Required Courses.--These data are easier to understand

and analyze when the 1ist of courses is rearranged in order
of selection. Table X aids in determining opinions about
required courses. The courses are listed in order of fre-
quency of selection as required courses, and only frequency
of choice as a required course is shown. In cases where two

courses were selected by the same number of people as a
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TABLE IX

SELECTION OF COURSES APPROPRIATE FOR A COMPUTER
SCIENCE TEACHER TRAINING PROGRAM

{N = 37}*
Course Frequency of Selection
Number Title Required | Elective | Combined
1 Introduction to Pro- 35 0 35

gramming and Algor-
ithm Design

2 Advanced Topics in 13 16 29
Programming and Al~-
gorithm Design

3 Introduction to 14 10 24
Computer Systems

4 Assembly Language 10 9 19
Programming

5 Fundamentals of Com- 10 11 21
puter Organization
and Digital Logic

6 Introduction to b 18 24
File Processing

7 Operating Systems 2 12 14

8 Data Structures i2 11 23

9 Programming 19 11 30
Languages

10 Computers and 21 10 31
Society

11 Computers and 23 5 28
Education

12 Computer Assist- 12 13 25

ed Instruction

13 Minicomputer 0 6 6
Systems
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Course Frequency of Selection
Number Title Required| Elective | Combined

14 Microcomputer 15 9 24
Systems and
Applications

15 Numerical Methods 1 6 7

16 Database Manage- 4 13 17
ment Systems

17 Artificial 1 13 14
Intelligence

18 Software 1 6 7
Engineering

19 Computer Graphics 6 12 18

20 Compiler Design 0 1 1
and Construction

21 Systems 0 5 5
Programming

22 Theory and Design 1 5 6
of Programming
Languages

23 Simulation and 4 8 12
Modelling

24 Advanced Computer 0 2 2
Organization and
Computer Archi-
tecture

*2 of the original 39 respondents did not answer this

section.
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REQUIRED COURSES SELECTED IN ORDER OF
FREQUENCY OF SELECTION

(N = 37)
Course
Frequency of Selection
Number Title As A Required Course
1 Introduction to Programming 35
11 Computers and Education 23
10 Computers and Society 21
9 Programming Language 19
14 Microcomputer Systems 15
3 Introduction to Computer 14
Systems
2 Advanced Topics in 13
Programming
12 Computer Assisted 12
Instruction
8 Data Structures 12
5 Fundamentals of Computer 10
Organization
4 Assembly Language 10
Programming
6 Introduction to File 6
Processing
19 Computer Graphics 6
16 Database Management Systems 4
23 Simulation and Modelling 4
7 Operating Systems 2
17 Artificial Intelligence 1
15 Numerical Methods 1
18 Software Engineering 1
22 Theory and Design of 1
Programming Languages
13 Minicomputer Systems 0
21 Systems Programming 0
24 Advanced Computer 0
Organization
20 Compiler Construction 0
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required course, the course that was selected most fre-
quently as an elective is listed first.

Nine additional required courses were written in by
respondents. These courses are included in Appendix K. Both
of the first two added courses deal with how to teach pro-
gramming. These courses could be included in the category
of the course in the materials and methods of teaching
computer science that was the object of the open-ended
question in the first part of this section on the survey
form. Their inclusion here is an even stronger indication
of the approval of those surveyed that such a course is a
highly desirable element of a teacher training program.

A1l of the other added courses are the selections of
just the individual including them in the list. These
courses have, therefore, a frequency equivalent to that of
the four courses in the original 1ist that were selected
once. Sixteen courses on the 1list of twenty-four courses
have a higher frequency count. Unless the required course
group of a program contains more than sixteen courses, none
of the added courses is selected often enough to warrant
inclusion in the required group.

Respondents were restricted to the selection of a maxi-
mum of six required courses. Four courses were selected by
over 50 per cent of the respondents to be included in a

required group of courses. These include Introduction to
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Programming and Algorithm Design, Computers and Education,
Computers and Society, and Programming Languages. To com-
plete a six-course required component, the next two most
frequently selected courses, Introduction fo Computer Sys-
tems and Microcomputer Systems and Applications, should be
included in the group of required courses.

The actual number of required computer science courses
in any teacher training program will vary from institution
to institution. No attempt to determine the ideal number of
required courses was undertaken by this study.

At the beginning of the study, it was felt that most
states would require twenty-four to thirty semester hours of
coursework for certification, that training programs would
be based on the state requirements, and that few programs
would require more than eighteen hours and not allow stu-
dents to elect some courses. Therefore, the decision was
made to restrict the number of choices in the hope of iden-
tifying those courses most beneficial to computer science
teachers.

Those in charge of designing such programs should not
feel 1imited to six required courses or obligated to include
as many required courses. The information provided in Table
X could be used as a guide when considering selection of
courses for required components of teacher training pro-

grams.,
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Opinions about the first four courses in Table X were
strong enough that these courses should receive a great deal
of consideration for inclusion in all programs. Only five
respondents chose to include both Microcomputer Systems and
Applications and Introduction to Computer Systems in the
same required group. A sound argument could be made for
inclusion of only one of these courses in the required group
or requiring one of the two courses. In these cases, the
next most popular course, Advanced Topics in Programming,
could be placed in the required group.

Elective Courses.--Respondents were asked to pick a

maximum of six courses to be part of an elective group of
computer science courses included in teacher training pro-
grams. Choices could be made from the twenty-four courses
listed on the survey form or by writing in other courses
considered more appropriate than the courses in the list.
Table XI Tists the twenty-four courses altong with the
number of times each was selected as an elective course. In
some cases, the course name has been abbreviated. Table IX
shows the full title of each course. Courses are listed in
Table XI in the order of frequency of selection as an elec-
tive course. Courses with equal elective frequencies are
listed in order of selection as required or elective courses

combined.
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ELECTIVE COURSES SELECTED IN ORDER OF
FREQUENCY OF SELECTION

(N = 37)
Course
Frequency of Selection
Number Title As An Elective Course
6 Introduction to File 18
Processing
2 Advanced Topics in 16
Programming
12 Computer Assisted 13
Instruction
16 Database Management Systems 13
17 Artificial Intelligence 13
19 Computer Graphics 12
7 Operating Systems 12
9 Programming Languages 11
8 Data Structures 11
5 Computer Organization 11
10 Computers and Society 10
3 Introduction to Computer 10
Systems
14 Microcomputer Systems 9
4 Assembly Language 9
Programming
23 Simulation and Modelling 8
15 Numerical Methods 6
18 Software Engineering 6
13 Minicomputer Systems 6
11 Computers and Education 5
22 Theory of Programming 5
Languages
21 Systems Programming 5
24 Advanced Computer 2
Organization
20 Compiler Construction 1
1 Introduction to Programming 0
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The six courses written in as elective courses are
included at the end of Appendix K. Since none of these six
courses appears on more than one survey form, they all have
a frequency count of one, which is surpassed by all but two
of the twenty-four courses in the master 1ist. Therefore,
none of the added elective courses was selected frequently
enough to warrant consideration for inclusion in an elective
group.

Determination of an appropriate elective group could be
made through analysis of Table XI, which represents selec-
tion only as an elective course. Reasonably, anyone
selecting a course to be part of a required group could also
consider the course an appropriate elective. More valid
selections may possibly be found by combining the fre-
quencies of selection for both required and elective
courses, as shown in Table XII.

Table XII 1ists all twenty-four courses in order of
their combined frequency of selection. Some course names
are abbreviated, and Table IX should be consulted for the
entire cocurse title. Courses that were selected an equal
number of times are 1isted in Table XII in the same order
they appeared on the survey form.

If a computer science education program is divided into
required courses and elective courses, then those courses

that are required would not be part of the elective group.
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COURSES SELECTED FOR EITHER GROUP
IN ORDER OF COMBINED TOTALS

(N = 37)

Course Course Frequency of Selection
Number Name Either Group
1 Introduction to Programming 35
10 Computers and Society 31
9 Programing Languages 30
2 Advanced Topics in 29
Programming
11 Computers and Education 28
12 Computer Assisted 25
Instruction
14 Microcomputer Systems 24
3 Introduction to Computer 24
Systems
6 Introduction to File 24
Processing
8 Data Structures 23
5 Computer Organization 21
4 Assembly Language 19
Programming
19 Computer Graphics 18
16 Database Management Systems 17
17 Artificial Intelligence 14
7 Operating Systems 14
23 Simutlation and Modelling 12
15 Numerical Methods 7
18 Software Engineering 7
22 Theory of Programming 6
Languages
13 Minicomputer Systems 6
21 Systems Programming 5
24 Advanced Computer 2
Organization
20 Compiler Construction 1
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In the design of such programs, it would be advantageous to
determine the required courses first and then select courses
from Table XII for the elective group.

A required groupof six courses was proposed in an
earlier section in this chapter. Five of the first six
courses in Table XII were included in the proposed required
group. To aid in the selection of elective courses, all
courses except the proposed required courses are shown in
Table XIII along with the associated combined frequencies.

The stated method to be followed by this study for
selection of an elective group was to pick the six most
popular courses remaining after choosing the regquired group.
Arguments could be made that almost any computer science
course could be of benefit to a teacher and is therefore a
valid elective. The attempt of this study was to ask those
who are in a position to render an opinion judge which
courses are most beneficial and appropriate. Therefore,
respondents were limited to six elective choices.

A possible use of this study would be to leave the
choice of elective courses open to the student but to sug-
gest courses receiving a strong degree of support as
indicated by Table XIII to those students desiring guidance
about choice of electives. Others may feel that restricting
the choice of electives to a prescribed group of courses is

the most appropriate action. There is a definite break in
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COMBINED TOTALS FOR ALL COURSES EXCLUDING THE
FIRST SIX MOST POPULAR REQUIRED COURSES

(N = 37)

Course Course Frequency of Selection
Number Name Either Group
2 Advanced Topics 1in 29
Programming
12 Computer Assisted 25
Instruction
6 Introduction to File 24
Processing
8 Data Structures 23
5 Computer Organization 21
4 Assembly Language 19
Programming
19 Computer Graphics 18
16 Database Management Systems 17
7 Operating Systems 14
17 Artificial Intelligence 14
23 Simulation and Modelling 12
15 Numerical Methods 7
18 Software Engineering 7
22 Theory of Programming 6
Languages
13 Minicomputer Systems 6
21 Systems Programming 5
24 Advanced Computer 2
Organization
20 Compiler Construction 1
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the data between the eighth and ninth courses in Table XIII.
A group of elective courses made up of the first eight
courses in Table XIII would also be an excellent choice and
would increase the student's options.

In the opinion of those surveyed, the six courses most
appropriate for an elective group include Advanced Topics in
Programming and Algorithm Design, Computer Assisted Instruc-
tion, Introduction to File Processing, Data Structures,
Fundamentals of Computer Organization and Digital Logic, and
Assembly Language Programming. Over 55 per cent of the res-
pondents chose the first two courses and a majority selected
the other four. The level of support for the entire group
is a strong indictment for the inclusion of all the courses
in the group in any computer science education curriculum.
A1l of the courses, with the possible exception of Computer
Assisted Instruction, are normally found in a computer sci-
ence major curriculum and would be available at most
institutions that offer computer science degrees.

Opinions About High-Level Languages in Which a
Computer Science Teacher Should Be Proficient

The purpose of the third section of the survey form was
to determine which high-level languages are most needed by
high school computer science teachers. Respondents were
given a list of nine languages, listed in alphabetical

order, and they were instructed to select a maximum of three
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languages as those appropriate for computer science
teachers. An option was available to write in other lan-
guages that are more appropriate.

Results compiled from this section of the survey form
are displayed in Table XIV. The courses are listed in Table
XIV in the order that they appeared on the survey form.

Data included are the number of people choosing each tan-
guage and the percentage of respondents choosing the
Tanguage. Three of the thirty-nine respondents who answered
the survey items included in Tables III, IV, V, VI, and VII
did not respond this section of the questionnaire. The
percentages shown are in terms of the thirty-six responses
to this section.

The only two languages written in were LOGO and as-
sembly Tanguage. Most computer scientists would not
consider assembly language to be a high-level language. For
that reason, assembly language was not included as a choice
on the survey. It was offered as the fourth course listed
in the previous section of the survey. According to Table
X, assembly-language programming was selected by nineteen
people to be part of either a required or an elective group.
Its inclusion by two individuals in this section simply adds
to its importance as an elective component or as a possible
substitution for a required course in teacher training pro-

grams.



TABLE XIV

OPINIONS ABOUT HIGH LEVEL LANGUAGES IN WHICH A
COMPUTER SCIENCE TEACHER SHOULD BE PROFICIENT

(N = 36)
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Language** Frequency of Selection Percentage
ADA 3 8.33
BASIC 31 86.11
COoBOL 8 22.22
FORTRAN 9 25,00
LISP 3 8.33
PASCAL 34 94.44
PL/I 1 2.78
SNOBOL 1 2.78

*3 of original 39 respondents did not reply to this
section of the survey form.

**Added languages:

dents representing 41.67 per cent of the 36 respondents.

Assembly language programming was written in by 2 respon-
dents representing 5.56 per cent of the 36 respondents.

LOGO was written in by 15 respon-
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Fifteen respondents added LOGO as an appropriate lan-
guage. In the comments section, one individual, who chose
only two 'anguages in this section, wrote that he felt that
teachers should have LOGC training but that he did not
consider LOGO to be a language. If this response is in-
cluded in the total of those writing in LOGO, the figure
jumps from fifteen to sixteen respondents or 45.71 per cent
of the respondents.

The only two listed languages chosen by a majority of
the respondents are BASIC and Pascal. Only two people
failed to select Pascal and five did not choose BASIC.

The overwhelming choice of BASIC is indeed noteworthy
due to the ongoing arguments among computer scientists as to
the value of or potential dangers of BASIC. The implication
of this survey is that BASIC, despite any problems it might
have, is needed by computer science teachers.

In summary, the respondents agree that Pascal and BASIC
should be included as required language components of any
computer science education curriculum. Exposure to LOGO
should be strongly considered. FORTRAN and COBOL, which
were chosen by over 20 per cent of the respondents, could be
appropriate elective languages in such a program, followed

by ADA and LISP.
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Final Comments of the Respondents

The Tast section of the survey form is an open-ended
question asking for any other comments the respondents
wished to make. Fifteen respondents included answers to
this question. The fifteen comments are transcribed in
Table XV. The comments are numbered so that they can be
easily referenced in the discussion. The numbers bear no
relationship to the numerical order of respondents in Table
I11.

The comments cover a broad range of topics. Numbers
two, five, and six concern certification issues. Comments
three, four, nine, and fourteen are actually remarks about
the survey form itself. Items numbered one, seven, eleven,
twelve, and thirteen all center around issues involving
teachers, not only computer science teachers, but in some
cases, those teachers who use computers in the classroom.
Other comments address individual issues not encompassed by
the three classifications listed.

Many worthwhile issues are discussed. Again, discus-
sion of most of the ideas is beyond the range of this study.
Several of the points might be excellent objects of studies
themselves.

In conclusion, although the comments are not analyzed
individually, they do provide useful information. They give

extra insights into some key issues of computer science
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TABLE XV

FINAL COMMENTS OF SELECTED LEADERS IN THE
FIELD OF COMPUTER SCIENCE EDUCATION

Reference
Number

Comment

1

A person with the background I feel is
necessary, will go into industry (25k)
instead of teaching (15k). More's the

pity!!

I assume you've gotten materials from
Minnesota, Oregon, and Ohio {and any
other state that has recently joined the
ranks} for comparison of certification
requirements??

Several of these questions contain
leading qualifying/quantifying words
that altered my responses from what they
would have been to items not containing
these terms.

Difficult to answer where so 1ittle
choice available. Not sure what results
will prove.

The idea of "national certification"
concerns me. This has always been a
responsibility of the states, and to
change it for a particular subject area
would require some strong arguments.
Even then I doubt it would be success-
ful.

I hope that certification will become a
reality.

You are only thinking, it appears, of

computer science teachers. What about

computer courses for all teachers

(required) to enable them to use the new

fgchno]ogy throughout the curriculum K-
?
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Reference
Number Comment

8 Programming will change dramatically in
the next 5-10 years!

9 Need to distinguish between preparation
for an elementary teacher and a
secondary teacher! Several topics list-
ed in B needed to be included in one
course, i. e. too specialized to be
included in one class.

10 1) We should not rush judgement on
requirements. Curriculum '68, '78 were
successful because
a) it provided a taxonomy of the field
b) it provided ample options and
alternative choices to fit local needs
and interests (and equipment) and it
was closely monitored to identify imme-
diate problems. Languages tend to be
important because of applications to be
used as reactions to poor design of
previous languages to specific sets of
applications. Therefore, requirements
should be broad and dynamic.

11 1} Right on! - very timely and of
immense importance
2} Don't think only of upper division
high school teachers. Most jr. high
teachers will be taking a one-semester
computer course with a strong focus on
programming. These teachers need to
know a 1ot of computer science if they
are to do a decent job.

12 A computer science degree should be
designed so the teacher can teach
students to program. Not to use
computers, design games, etc.
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TABLE XV--Continued

Reference
Number Comment
13 Very worthwhile questions to consider
here. Let's all get together sometime.
People who are teaching programming at
the high school level and college
professors and professional computer
users and start to discuss these things.
14 Don't know exactly what proficient means
for languages but some variety is
important.
15 Right on!!
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education as well as some areas of conflict among those in
the field. For this reason, the comments are included in

this report of the data collected by this study.



CHAPTER VII

COMPARISON OF EXISTING PROGRAMS AND THE
IDEAL PROGRAM AS PERCEIVED
BY NATIONAL LEADERS

The purpose of this chapter is to examine similarities
and differences among the five state-approved programs that
are reviewed in Chapter V and to compare their content to
the curriculum selected by the respondent leaders in the
field of computer science education. The chapter is divided
into two major sections. The first section presents a
comparison of the existing programs, and the last compares
the programs as a group with the opinions of the 1eaders in
the field.

Simiiarities and Differences in
State-Approved Programs

Five state computer science education programs were
identified by state certification officers as representa-
tive of all the programs in the state. In the cases of
Arizona, I1linois, and Ohio, the identified programs are the
only state-approved programs. Four state-approved programs
are presently offered in Texas. Wisconsin leads the nation

with twelve state-approved programs.

132
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Comparison of the programs is difficult due to the
diverse nature of the programs. Two of the programs offer
both undergraduate teaching majors and minors in computer
science, two offer teaching minors only, and one is open
only to graduate students. The number of hours of required
computer science coursework ranges from eighteen to thirty-
four hours, with the graduate program requiring additiona)l
computer science hours for entry to the program.

The programs at The University of Arizona, I1linois
Institute of Technology, Bowling Green State University,
and North Texas State University are divided into required
and elective computer science core components. The number of
explicitly required courses in these programs varies
from four, totalling twelve semester hours, to seven
courses, totalling twenty-one semester hours. None of
these four universities specifically prescribes an elective
group, but all of them ptace some restrictions on the level
of the elective courses. Bowling Green specifically exludes
some courses from elective credit.

Twenty-five semester hours of computer science course-
work are required at the University of Wisconsin at Green Bay.
A required group of courses that totals twenty-five hours,
the total hours needed for the teaching minor, is specifi-

cally outlined. A group of courses is also identified as
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approved electives for those who desire additional computer
science coursework.

In three of the programs, all of the required courses
are selected from the standard offerings of the computer
science department, or in one case, the mathematics depart-
ment, to all computer science majors. In only two programs
are courses required that deal with computers and education.

Four of the programs require both an introductory and
an advanced course in programming and algorithm design using
a high-level language, and the fifth program requires both
for entry. Three other courses that are required by a major-
ity of the programs are Programming Languages, Data
Structures, and Assembly Language Programming. Thus, there
is general agreement on at least fifteen hours of the re-
quired components.

In summary, there is a great deal of variance in the
five programs. Offerings range from a graduate program
requiring thirty-two semester hours of computer science
coursework plus additional hours of prerequisite coursework
to an undergraduate program offering a teaching minor in
computer science that requires eighteen hours of coursework.
A1l of the programs have two courses in commoen. Three of
the five programs require three of the same courses. In

only one case were elective courses explicitly identified.
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In all others, only the level of the elective was restric-
ted.
Comparison of Programs with Opinions of
the Selected Leaders

One section of the survey instrument that was completed
by leaders in the field of computer science education is
devoted to the identification of computer science courses
most appropriate for computer science teacher training pro-
grams. Data from this section of the survey are presented
in Chapter VI, Tables IX, X, XI, and XII.

A required group of six courses and an elective group
of six courses was selected by the leaders. Respondents
were asked to select courses most appropriate for such a
program, trying not to guess which courses are actually in
existing programs. The purpose of this section is to com-
pare the courses selected by the leaders to the required
courses in the five representative state programs.

Table XVI shows which of the required courses in the
existing state programs are also part of the two groups
selected by the leaders in the field. Courses selected by
the leaders are listed in Table XVI in the order of selec-
tion. Since specific elective groups were not included in
most of the state programs, no attempt was made to include

elective courses in the state programs in the comparison.
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TABLE XVI

COMPARISON OF THE REQUIRED COMPONENT OF STATE PROGRAMS
WITH COURSES SELECTED BY THE LEADERS IN THE FIELD

Programs**
Courses Selected By
Leaders™ UA 117 BG NTSU UW-GB
Required Courses
Introduction to Programming R P R R R
Computers and Education P R
Computers and Society R
Programming Languages R R R
Microcomputer Systems
Introduction to Computer
Systems P R
Elective Courses
Advanced Topics in
Programming R P R R R
Computer Assisted
Instruction RC
Introduction to File
Processing
Data Structures R R R
Computer Organization R
Assembly Language R P R R
*Classification (ode: - Required course; RC -

Required choice of this course or one other course; P -
Prerequisite for entry to program.

**Key to Program Names: UA =The Universityof
Arizona; IIT = I11inois Institute of Technology; BG =
Bowling Green State University; NTSU = North Texas State
University; UW-GB = University of Wisconsin at Green Bay.

Note: 1 course was required by the University of
Arizona and 3 by Il1linois Institute of Technology that are
not in the 1ist of 12 courses.
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The data in Table XVI show that Introduction to Pro-
gramming is a major component in all of the programs and the
first choice of the leaders as a required course. Pro-
gramming Languages, a required course in the opinion of the
leaders, is required in three of the five state programs.

Most of the other required courses in the state pro-
grams are elective courses in the groups selected by the
leaders. In particular, Advanced Topics in Programming is
required in all five state programs but is only an elective
in the opinion poll. The two other required courses that
are shared by a majority of the state programs, Data Struc-
tures and Assembly Language Programming, attain only
elective status according to the leaders.

Thus, there is general agreement on two required
courses and disagreement on the status of three other
courses. None of the other courses selected by the leaders
appears with any regularity in the state programs.

Discussion of Inferences Drawn from
the Comparisons

One possible explanation for the lack of agreement is
that in most cases, the computer science course structure of
the program was designed by the computer science department
in consideration of the background that is most important to
the development of general computer science competencies,

not necessarily those needed by computer science teachers.
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Due to other demands on faculty, some computer science
departments may have felt unable to include any specialized
offerings for teachers. Other departments may have decided
that survey courses (such as Computers and Society and
Computers and Education) are not true computer science
courses and should not be counted as such.

The leaders also examined the problem from another
angle--namely to select courses most appropriate for high
school computer science teachers. The group's course selec-
tions in all but two cases disagree sharply with the
programs now in existence. A close examination of the
leaders' required group reveals that all of the selected
courses relate directly to skills and competencies most
needed by high school teachers.

In particular, two of the courses, Introduction to
Computers and Programming Languages, help develop competen-
cies needed by those who will teach programming classes in
high school. Teachers will need the fundamentals of pro-
gramming and have the ability to design curricula for the
courses and make reasonable choices about which languages
should be taught. They will be required to teach courses in
several languages and will need a sound understanding of the
basic characteristics of these languages.

In many schools, the computer science teacher is con-

sidered the computer expert at the school, and is called
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on for expertise in many areas outside of the «—omputer
science classroom. The computer science teacher often

must help decide how computers will be used in the entire
lTearning process. Some must select both hardw & re and soft-
ware for resource labs. They may assist in de« i sions
concerning computerization of administrative feanctions.

The computer science teacher may be responsibl & for the

inservice training of other teachers on the use< of c omputers

in the classroom. The Computers and Education course can
provide an overview of the use of computers in all phases
of education and can help prepare teachers for the multi-

plicity of jobs and responsibilities of computer science
teachers.

Based on the predictions of the leaders izw the survey
opinion poll and current trends in the United = tates. com-
puter literacy soon will be required for high = chool
graduation. The computer science teachers wil ¥ , therefore,
inherit the responsibilities of conducting com p>» uter 1 4 teracy
classes and preparing students to live in a corwm puteri zed
society. Teaching such a course involves knowl edge of how
the computer can be used in everyday life. In this Tight, &
well designed course in Computers and Society 7 s almost
essential for computer science teachers.

Computer science teachers often must part ¥ cipate 1in

decisions about the selection and purpose of c > mputer
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equipment, not only for the computer classroom, but also for
the whole school. In most cases, computer science classes
use the smaller, self-contained microcomputer systems.
Teachers will need training in the use and care of such
systems and all of the types of systems that might be found
in schools. Introduction to Computer Systems and Micro-
computer Systems and Applications are two courses that would
be extremely useful and necessary to teachers who are faced
with such decisions and lTimited to the use of systems that
can be afforded by the schools. It seems only reasonrable
that school systems will and should expect such expertise

from the computer science teachers.

Summary

Sound arguments can be made that atl of the courses
selected by the teaders are vitally important to prospective
computer science teachers. Through well chosen elective
courses, such as those common to the existing programs,
teachers could broaden their computing backgrounds, and
perhaps enhance their abilities as teachers.

The message conveyed by the group of concerned computer
science educators is that the duties of a high schoo?l
computer science teacher are quite different from those of
a person who enters a position in industry with a computer
science degree. The nature of the training for a career

computer science teacher should be different. When design-
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ing computer science education programs in the future, close

attention should be given to this conceptual difference.



CHAPTER VIII

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Summary

The primary purpose of this study was to investigate
the certification of high school computer science teachers.
The study examined the issue from historical, present, and
future standpoints.

An extensive review of the literature was conducted to
determine the best-known history of computer science certi-
fication. A report on the current status of computer
science certification was developed from data collected from
a survey of state certification officers.

The first step in determining the need for certifica-
tion in the future was to determine if a definite trend of
movement of computer science into the high school could be
detected. Such a trend would imply the need for more teach-
ers of computer science as well as quality control measures
oh those teachers. The final step of the investigation
centered on the development of a computer science curriculum
for future certification programs as well as all programs
designed to train computer science teachers.

Methods employed consisted of examination of data col-

lected from the survey of state certification officers and

142
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review of five representative state-approved computer
science education programs. This information was compared
to results of the opinion poll of selected leaders in the
field of computer science education.

The forty leaders in the field of computer science
education were a carefully selected group chosen by the
formula outlined in the research procedures of Chapter III.
Selection was based on the criteria of recognized contribu-
tions to computer science education, usually in the areas of
certification, teacher training, or the teaching of computer
science.

Individuals selected for the sample came from twenty-
ocne different states and the District of Columbia. Among
the group are more than twenty college professors, all
currently active in the field. O0fficers of most of the
national educational computing organizations are included.
Editors of at least three major educational computing jour-
nals participated in the study. At least a quarter of the
group serve on the advisory staffs of major computer educa-
tion journals. Most of those included in the sample are
major contributors to research and knowledge in the field
and are widely published.

Five nationally recognized active high school teachers

were included, three of whom have published in the last
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year. Three were recently recognized for outstanding teach-
ing as well,

Several individuals who serve as consultants to major
school districts in the area of instructional computing were
asked to participate. Others who have moved from the uni-
versity to industry or private businesses are included in
the sample.

At least one-fourth of the respondents have published
major books on aspects of computer education. Many who are
internationally known for their efforts have participated in
international conferences and served on international com-
mittees that investigated computer science education.

The group carries with it an impressive set of creden-
tials and combines hundreds of years of experience in
computer science education. All have a proven interest and
knowledge and are well qualified to express opinions on the
issues presented by this study.

It is of singular importance that all but one of the
group of forty leaders responded to the survey. A reason-
able conclusion could be reached that the unusually large
percentage of returns is due to the perceived importance
of the issues at hand. The group assembled represents some
of the best expertise available to answer the questions
posed by this study. The group expressed strong and defi-

nite opinions that are worthy of serious consideration.
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This study attempted to collect the best available data
to answer the major research questions through contact with
those who are in the best position to provide the needed
information. Included in this group were the state certifi-
cation officers and the leaders in the field of computer
science education. A summary of the findings from these
data include the following items.

1. Only four states have adopted computer science
certification standards.

2. In one state which has no state computer science
certification standards, computer science certification can
be achieved through completion of the one state-approved
computer science teacher training program in the state.

3. At least one third of the remaining states have
adopted for the purpose of school accreditation requlations
concerning which teachers are approved to teach high school
computer science classes.

4, It is the opinion of the group of selected leaders
in the field of computer science education that:

a. There is a definite, rapid, downward movement of
the computer science curriculum that is presently found in
colleges and universities into the high school.

b. Most parents favor the incliusion of computer

education in the general education of all students.
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¢. Most school administrators support the introduction
of computer science into the high school curriculum.

d. Although cost of computer hardware is no longer a
major barrier to the implementation of computer science into
the high curriculum, the lack of a supply of adequately-
trained teachers is such a barrier.

e. More training is needed by teachers who teach about
computers than those who oniy use them in the classroom.

f. There are few programs in existence today that are
designed to provide training for high school computer
science teachers.

g. Basic computer literacy should be required of all
high school graduates.

h. Computer science teacher training programs should
contain a course on the materials and methods of teaching
computer science.

i. Computer science is a distinct discipline not a
part of any other subject field.

j. Teachers of computer science should be certified in
the area of computer science and not in another subject
field which encompasses computer science.

k. Academic credit for a high school computer science

course should be given as a unit of computer science.
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5. A set of six required courses and six elective
courses were identified as those most appropriate for
computer science teacher training programs.

6. Computer science teachers should be proficient in
the languages BASIC and Pascal.

Due to careful design, control, and selection, the data
derived by this study are as valid as possible. Appropriate
conctusions and recommendations may be drawn from the data.
The remainder of this chapter is devoted to the presentation
of conclusions and recommendations made as a result of this

study.

Conclusions

Examination of the data collected by this study has
lead to the following conclusions.

1. Computer science is a separate, distinct, certi-
fiable subject field.

2. Certification of high school computer science
teachers is a national problem that demands immediate
attention,

3. Based on a survey of literature and the opinions of
the selected leaders in the field of computer science
education, computer literacy should be required for high
school graduation, thereby making the need for certification

more acute.
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4, Certain types of computer science courses directly
meet the needs of high school computer science teachers.

5. Computer science teacher certification programs
should require computer science courses that develop
proficiencies needed for duties as a teacher and then allow
for the broadening of computer science ability through

elective courses.

Recommendations

2ased on all the evidence collected by this study,
including a search of the literature and the opinions of the
state certification officers and selected leaders in the
field of computer science education, the following recommen-
dations are made.

1. A1l states not currently offering computer science
teacher certification should adopt standards in the near
future,

2. Teachers of computer science should be certified in
the field of computer science.

3. Educators must find a place for computer science
per se in the high school curriculum.

4. Colleges and universities must act quickly to

develop computer education programs to train computer

science teachers.
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5. A1l programs designed to train high school computer
science teachers should include the following types of
courses:

a. A course on the materials and methods of teaching
computer science that is taught by a person or group of
persons who have the appropriate expertise.'

b. Courses on programming applications in both Pascal
and BASIC, with emphasis on programming proficiency in both
languages. At least one course should include exposure to,
and preferably experience in, the computer language LOGO.

¢c. A required component of five courses that includes:

(1) Introduction to Programming and Atgorithm
Design, including programming using a high-
level language;

(2) Computers and Education, including analysis of
the major instructional uses of computers;

(3) Computers and Society;

(4) Programming Languages, including the
definition and structure of languages and
comparison of existing high-level languages.

(5) A choice of either Introduction to Computer
Systems or Microcomputer Systems and
Applications.

d. Due to its inclusion in all five current state

programs reviewed, serious consideration should be given to
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requiring a course called Advanced Topics in Programming and

Algorithm Design and Analysis, using a high-level 1anguage.

e. A group of elective courses which includes

(1)

(2)
(3)
(4)
(5)

(6)

Advanced Topics in Programming and Algorithm
Design and Analysis (if it is not required);
Computer Assisted Instruction;

Introduction to File Processing;

Data Structures;

Fundamentals of Computer Organization and
Digital Logic;

Assembly Language Programming.
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APPENDIX A

DIRECTORY OF THE CHIEF TEACHER
CERTIFICATION OFFICER IN EACH STATE

ALABAMA

Ms. Martha N. Hestor,

Teacher Certification Coordinator and Certification
Officer

Department of Education

349 State Office Building

Montgomery, Alabama 36130

(205) 832-3133

ALASKA

Ms. Charlie Mae Moore,

Chief, Educational Standards
Teacher Education and Certification
Department of Education

State Office Building

Pouch F

Juneau, Alaska 99811

(907) 465-2841/2831/2857

ARIZONA

Mr. R. Berkley Lunt,
Director

Teacher Certification Unit
Department of Education
1535 West Jefferson
Phoenix, Arizona 85007
(602) 255-4367

ARKANSAS

Mr. Austin Z. Hanner,

Coordinator

Teacher Education and Certification
Department of Education

State Education Buildings, Room 107-B
Little Rock, Arkansas 72201

(501) 371-1475
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CALIFORNIA

Dr. John R, Brown,

Executive Secretary

Commission for Teacher Preparation and Licensing
1020 0 Street - Room 222

Sacramento, California 95814

(916) 445-7254

COLORADO

Dr. Melvin D. Spurlin,

Supervisor

Teacher Education and Certification Unit
Department of Education

310 State Office Building

201 East Colfax Avenue

Denver, Colorado 80203

(303) 839-3075

CONNECTICUT

Mr. Edwin S. Przybylski,
Coordinator, Teacher Certification
Teacher Certification Unit

P.0. Box 2219

Hartford, Connecticut 06145

(203) 566-2670/2671/2672/2673

DELAWARE

Dr. Ervin C. Marsch,

State Director

Certification and Personnel Division
State Department of Public Instruction
Townsend Building

Dover, Delaware 19901

(302) 736-4688
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FLORIDA

Dr. Garfield Wilson,

Administrator

Teacher Education, Certification, and Staff Development
Department of Education

Knott Building

Tallahassee, Florida 32301

(904) 488-5724

GEORGIA

Dr. William Leach,

Director, Division of Staff Development
State Department of Education

18th Floor Twin Towers East

Atlanta, Georgia 30334

(404) 656-2559

HAWALI

Mr. James H. Nohara,
Administrator

Office of Personnel Services
State Department of Education
P.0. Box 2360

Honolulu, Hawaii 96804

(808) 548-5803

IDAHO

Roy E. Lawrence,

Consultant, Teacher Certificatioan
Teacher Education and Certification
State Department of Education

Len B. Jordan Office Building
Boise, Idaho 83720

(208) 334-3475/3476
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ILLINOIS

Mr. Barry Weiss,

Manager, Certification and Placement
State Teacher Certification Board
100 North First Street

Springfield, I1linois 62777

(217) 782-2805

INDIANA

Ms. Anne Patterson,

Director

Division of Teacher Education and Certification
State Department of Public Instruction

Room 229, State House

Indianapolis, Indiana 46204

{317) 636-6636

[OWA

Dr. Orrin Nearhoof,

Director, Teacher Education and Certification
Teacher Education and Certification
Department of Public Instruction

Grimes State Office Building

Des Moines, Towa 50319

(515) 281-3611

KANSAS

Kathleen A. Homtlish,

Director, Certification Section
State Department of Education
120 East Tenth Street

Topeka, Kansas 66612

(913) 296-3142
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KENTUCKY

Dr. Sidney Simandle,

Director

Teacher Education and Certification
State Department of Education
Capitol Plaza Tower

Frankfort, Kentucky 40601

(502) 564-4606

LOUISIANA

Mr. Robert Crew,

Director

Bureau of Higher Education and Teacher Certification
State Department of Education

P.0. Box 44064

Baton Rouge, Louisiana 70804

(504) 342-3490

MAINE

Mr. Steve Hamblin,

Director of Certification

Teacher Education and Higher Education
Department of Education and Cultural Services
Augusta, Maine 04330

(207) 289-2441/2181

MARYLAND

Mr. Herman Behling,

Assistant State Superintendent,
Certification and Accreditation
Teacher Education and Certification
State Department of Education

200 W. Baltimore Street

Baltimore, Maryland 21207

(301) 659-2142
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MASSACHUSETTS

Mr. Thomas P. 0'Connor,

Director

Bureau of Teacher Preparation and Certification
Department of Education

1385 Hancock St.

Quincy, Massachusetts 02169

(617) 727-5726

MICHIGAN

Mr. Thomas J. Schrauber,
Coordinator, Teacher Certification
Department of Education

P.0. Box 30008

Lansing, Michigan 48909

(5617) 373-3310

MINNESOTA

Dr. George B. Droubie,

Manager, Personnel Licensing and Placement
State Department of Education

610 Capitol Square Building

St. Paul, Minnesota 55101

(612) 296-2046

MISSISSIPPI

Mr. James J. Hancock,

Supervisor

Teacher Education, Certification and Placement
Department of Education

P.0. Box 771

Jackson, Mississippi 39205

(601) 354-6869
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MISSOURI

Mr. R.V. Wilson,

Director

Teacher Education and Certification

Department of Elementary and Secondary Education
P.0. Box 480

Jefferson City, Missouri 65102

(374) 751-3486

MONTANA

Br. John Voorhis,

Director

Teacher Education and Certification and Staff Development
Office of Public Instruction

State Capitol

Helena, Montana 59620

(406) 449-3150

NEBRASKA

Mr. H. L. McCoy,

Director

Teacher Education and Certification
Department of Education

301 Centennial Mall South

P.0. Box 94987

Lincoln, Nebraska 68509

(402) 471-2496

NEVADA

Mr. Douglas M. Stoker,

Director of Teacher Certification
Department of Education

State Mail Room

Las Vegas, Nevada 89158
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NEW HAMPSHIRE

Mr. George Lewis,

Director

Office of Teacher Education and Professional Standards
State Department of Education

410 State House Annex

Concord, New Hampshire 03301

{603) 271-2407

NEW JERSEY

Dr. Fred A. Price,

Director

Bureau of Teacher Education and Academic Credentials
Division of Field Services

State Department of Education

3535 Quakerbridge Road

Trenton, New Jersey 08619

(609) 292-4477

NEW MEXICO

Mr. James Pierce,

Director, Teacher Education and Certification
Teacher Education and Professional Development
Education Building

Santa Fe, New Mexico 87503

(505) 827-6581

NEW YORK

Dr. Vincent (. Gazzetta,

Director, Division of Teacher Certification
Teacher Education and Certification

State Department of Education

Cultural Education Center, Room 5All
Nelson A. Rockerfeller Empire State Plaza
Albany, New York 12230

(518) 474-6440
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NORTH CAROLINA

J. Arthur Taylor,

Director, Division of Certification
State Department of Public Instruction
Education Building

Raleigh, North Carolina 27611

(919) 733-4125

NORTH DAKOTA

Ordean M. Lindemann,

Director of Teacher Certification
Teacher Certification

Department of Public Instruction
State Capitol

Bismarck, North Dakota 58505
(701) 224-2297

OHIO
Dr. Paul W. Hailey,
Director
Teacher Education and Certification
Ohio Department Building, Room 1012
65 S. Front St.
Columbus, Ohio 43215
(614) 466-3595
OKLAHOMA

Normand R. Dillard,
Administrator

State Department of Education
0liver Hodge Education Building
2500 N. Lincoln Boulevard
Oklahoma City, Oklahoma 73105
(405) 521-3337



160

OREGON

Doris Sanders,

Certification Officer

Teacher Standards and Practices Commission
730 12th Street S.E.

Salem, Ohio 97310

{503} 378-3586

PENNSYLVANIA

Mr. John Rebert,

Director, Bureau of Certificatiton
State Department of Education

333 Market Street

Harrisburg, Pennsylvania 17108
{(717) 783-6732

RHODE ISLAND

Mr. Edward L. Dambruch,

Director

Teacher Education and Certification
Department of Education

235 Promenade Street

Providence, Rhode Island 02908
(401) 277-2677

SOUTH CAROLINA

Dr. Elmer L, Knight,

Acting Director

Teacher Education and Certification
State Department of Education

Room 1011, Rutledge Building
Columbia, South Carolina 29201
(B03) 758-5081



SOUTH DAKOTA
Dr. Dick A. Stahl,

Director, Teacher Education and Certification
Division of Elementary and Secondary Education
Department of Education and Cultural Affairs

Kneip Building
Pierre, South Dakota 57501
(605) 773-3553

TENNESSEE

Dr. Don C. England,
Director

Teacher Education and Certification

State Department of Education
125 Cordell Hull Buildirg
Nashville, Tennessee 37219
(615) 744-1644

TEXAS

Ms. Magnolia Starks McCullough,

Director, Division of Certification

Texas Education Agency
201 East Eleventh Street
Austin, Texas 78701
{512) 834-4122

UTAH

Dr. Yere A. McHenry

Coordinator

Instruction and Support

Utah State O0ffice of Education
250 East Fifth South

Salt Lake City, Utah 84111
(801) 533-5965

VERMONT

Pat Pallar,
Certification O0fficer

le6l



State Department of Education
Montpelier, Vermont 05602
(802) 828-3131

VIRGINIA

Mr. Wayland H. Jones,
Director of Certification
Department of Education
P.0. Box 6Q

Richmond, Virginia 23216
(804) 225-2097

WASHINGTON

WEST

Dr. Donald Hair,

Director, O0ffice of Certification and Licensing
Superintendent of Public Instruction

7510 Armstrong Street, S.W. FG-11

Tumwater, Washington 98504

(206) 753-2751

VIRGINIA

Dr. Robert Gabrys,

Director, Education Personnel Certification
Professional Development Systems

Department of Education

1900 Washington Street

Building #6, Room B309

Charleston, West Virginia 25305

(304) 348-3787

WISCONSIN

Br. Lond Rodman,
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Director, Bureau of Teacher Education and Certification

Bureau for Teacher Education and Certification
Department of Public Instruction

125 South Webster Street

Madison, Wisconsin 53707

(608) 266-2386
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WYOMING

Dennis Donohue,

Director

Accreditation Services Unit
State Department of Education
Hathaway Building

Cheyenne, Wyoming 82002
(307) 777-7291
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APPENDIX B

SAMPLE LETTER OF TRANSMITTAL TO
STATE CERTIFICATION OFFICERS

November 15, 1982

Department of Computer Sciences
North Texas State University
P.0O. Box 13886

Denton, Texas 76203-3886

Dear

! 2m currently conducting research for my doctoral
dissertation at North Texas State University. As part of
this research, | am attempting to determine each state's
current regulations concerning the certification of high
schoo! computer science teachers. | am mailing this
questionnaire and reguest for information to the chief
certification officer in each of the fifty states. Will you
please take a few moments of your time to complete the
questionnaire and return it to me by December 157 Your
response will be crucial to the study. Unless the current
situation in all 350 states can be determined, an accurate
description of the national status of computer science certi-
fication cannot be developed.

A stamped, self-addressed envelope (s enclosed for your
convenience in returning the completed form. If you are
interested in receiving a summary copy of *he report when it
is completed, please write your name and address on the
enclosed post card and mail |t separately. | welcome any
additional comments or questions that you might have. | can
be reached by telephone at 504-388-1495,

Yours truly,

Harriet G. Tay!lor

Enclosures
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APPENDIX C

SAMPLE FOLLOW WP LETTER TO
STATE CERTIFICATION OFFICERS

Dear

Several weeks ago, I sent you a questionnaire about the certifi-
cation of computer science teachers. I have not yet received
a response from your state.

The responses so far have been very positive and informative.
However, a true picture of the national status of computer science
certification cannot be drawn without a response from your state.
Would you please take a few moments to complete the questionnaire
and return it to me in the enclosed envelope? I have enclosed

a second copy of the questionnaire for ycur convenience as well

as a post card to £ill out if you would like a copy of the report.

Again thank you for your cooperation and valuable contribution
to this research effort.

Sincerely,

Harriet G. Taylor
HGT/bss

Enclosures



APPENDIX D

SAMPLE {INSTRUMENT FOR
SURVEY OF STATE OFFICERS

NATIONAL COMPUTER SCIENCE CERTIFICATIIOQN SURVEY

Demographic Information

Your state

Name and title of the chief certification ofiicer in your
state:

Name

Title

Name, address, and phone number of perscn to be contacted
if additicnal information is needed

Name

Address

Phone

Circle the one item below chat best describes vour state's
current regulations concerning the certification of
computer science teachers.

a. This state offers certification in computer science
apart from any other subject area.
(Now answer guestion 4 on the back of this page)

b. This state offers certification in computer science
as a related part of another discipline.
{(Now answer question 3)

c. This state currently has no provisions for the
certification of computer science teachers.
(Nc further information 1s needed)

Please degcr;be the certification requirements for the
related discipline which encompasses computer science.

Point out any special requirements that sertain only to
computer science.
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4. Answer this group of guestions only if vour resoonse
to question 2 was a!

167

a. Please supply the name of one college or universits
in your state that now offars a state-approved program
leading to certification in computer sciences, wihich 1is
representative of all the programs in your state.

b. Approximately how many certified computer science
teachers are there in your state?

c. When computer science certification reguirements were
adopted, what provisicns were made to certify those
teachers who were already teaching computer science
but did not meet the requirements for certification?

d. How can a teacher already certified in your state in
an area cf specialization other than computer science
become certified in computer science as well?

e. Would you please either describe the regquirements for
computer science certification or enclose a brochure
giving this information?
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APPENDIX E

SAMPLE LETTER OF TRANSMITTAL TO
LEADERS IN THE FIELD

Dear

Harriet Taylor, a doctoral candidate, and I are engaged in
a study of the certification of high school computer science

teachers. Through this study, we hope to determine if computer science
is a subject field of sufficient importance that certification of
computer science teachers should be instituted nationally. 1In

addition, we want to determine the computer science content most
appropriate for programs to train computer science teachers.

As part of this research, we are mailing the enclosed survey
form to a group of leaders in the field of computer science
education. Would you please take a few moments of your time to
complete the survey and return it by December 15th. Your response
will be a crucial and valuable aspect of this research study.

You need not identify yourself on the form. Individual responses
will be held in confidence.

A stamped, self-addressed envelope is enclosed for your
convenience in returning the completed survey. If you are interested
in receiving a summary copy of this report, please write your name
and address on the enclosed post card and mail it separately.

Thank you for your cooperation and participation in this project.

Sincerely,

Jim Poirot, Chairman
Department of Computer Sciences

JP:sd

enclosures
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APPENDIX F

SAMPLE FOLLOW UP LETTER TO
LEADERS (N THE FIELD

Dear

Several weeks ago, Harriet Taylor, a doctoral candidate, and
I sent you a survey form about computer science education. So
far, we have not yet received a form back from you.

The responses have been very positive and informative. However,
as many responses as possible are needed to draw a true picture
of the nature of computer science education.

Would you please take a few moments to complete the survey and
return it in the enclosed envelope? Another copy of the survey
form is enclosed as well as a post card for you to fill out if
you would like a copy of the report.

Again, thank you for your cooperation and valuable contribution
to this research effort.

Sincerely,

Jim Poirot, Chairman
Department of Computer Sciences

JP/bss

Enclosures
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APPENDIX G

SAMPLE INSTRUMENT FOR SURVEY
OF LEADERS IN THE FIELD

SURVEY ON THE NATURE OF COMPUTER SCIENCE ED
AND CONTENT OF TEACHER TRAINING PROGRA

GENERAL [SSUES N COMPUTER SCIENCE EDUCATION

UCATION
MS

Please circle the appropriate number
that represents your opinion. Use the
scale below for your reference.

very strengly egree no opinlon disagree very strongly

sgree

1 2 3 4

disagree

)

Computer sclience is a distinct
discipline not a part of any
other sub ject. 1

Basic computer fiteracy should be
required of all high school
graduates. 3

There are enough tull time positions

for teachers ot computer science,

t+hat a computer science teacher wilt

no* need certification In another

sarea ot specisiization to be

employed., 1

Most+ administrators support the
Introduction of computer science
into the high schoal curriculum. 1

Certification of computer science
teachers i5s a national problem *tnat
demands Immediate attention. 1

By 1990, the flrst year computer
sclence courses now being taught In
mos+ colleges and universities wi!

be +aught In high school. !

Cost of computer hardware Is no longer
@ major deterrent to the Introduction
of computer science into the high
school curriculum. i

More indepth training |ls needed for a
teacher who will teach about computers
than one who simply uses computers in
the clessroom, 1

In the near future, most high schools
will form computer science
departments, 1
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10.

tt.

12.

13.

14.

15.

16.

17.

Computer |lterecy Is the next grest

crisis fecing Americen educstion. 1 2 3 4 3

Most pasrents fee! that computer
sducation shou!d be pert of

their child's geners! education. 1 2 3 4 5

Colleges end universities must act
quickly to develop computer education
progrems ¢o traln prospective teaschers

©t computer sclence. 1 2 3 4 5

Teachers of computer science should be
certitied In the srea of computer science
and not In snother subject fleld which

encompasses computer sclence., 1 ) 3 4 -]

There Is a éefinlte dovwnward movement

of the computer sclence curriculum

now found In coileges and universities

Into the high school. 1 2 3 4 s

A major baerrier to the implementation

of high school computer sclence courses

Is the lack of 8 supply of edequstely

treined teachers. 1 2 3 4 5

Credit for a high school compyter

science course should be gliven as

& unit ot computer science &and not

s unit of math, sclence, or

business. 1 2 3 4 3

Mos+ teechers feel that computer
science shou!d be Included In the
generz! educetion of ell students. 1 2 3 4 5

There sre now many progrems in +his
netion desligned to train computer
science teschers. 1 2 2 4 5

Plesase 17s% sny sdditiona! comments or Insigh+s thet you
:Tve sbout the genera! nature of computer science educa-
on,
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B. COMPUTER SCIENCE COURSES MCST APPROPRIATE FOR A PROGRAM
TO TRAIN COMPUTER SCIENCE TEACHERS

DIRECTIONS FOR THIS SECTION

Plesse select trom the |ist of courses on the nex+
pege, & maximum of 6§ courses that should be part of
& core group ot regquired courses tor teachers of
high school computer science. Place an "R" In the
speace to the left of the course title to deslignate
these courses.

Select, by placing an "E" In the space to the let+
of the title, a maximum of six courses that would
form an efective group.

In no csse should you select more +han 12 courses,
It you tee! tha*+ a course other than those !isted
would be more appropriate, write in the course,
including a brlet description, 2t the end of this
section.,

In most ot +the programs examined, a course in the
materizis and methods ot teaching computer science
was found. f(n some programs, the course was part of
the professional education c¢component ang in others
Tt was & computer science course. Due to the con-
$1ict about the proper place for +his course, i+ is
not included in the list ot courses. FPlease express
your opinion sbout the sppropriateness of such a
course and its proper place in the currlculum in the
space below.
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PLACE AN "R" BY A MAXIMUM QF SIX REQUIRED COURSES
PLACZE AN "E™ BY A MAXIMUM OF SiX ELECTIVE COURSES

Introduction to Programming and Algorlithm Design,
Including programming using s high level {anguage

Advenced Toplics in Programming and Algorithm
Design and Anslysis, using 2 high level ianguage

Introduction to Computer Systems
Assembly Lenguage Programming

Fundamentals of Computer Organlization and Digital
Logic

Introduction to File Processing

Operating Systems

Data Structures

Programming Languages, fncluding definition and
structure of languages and comparison ot existing
high level langusage

Computers and Society

Computers and Education, incliuding asnalysis of the
m2 jor Instructional uses of computers

Computer Assisted Instruction, survey, evatuation,
and design of CA|

Minicomputer Systems

Micrecomputer Systems mnd Applications
Numerica! Methods

Detebase Managemen?t Systems

Artificiat Inteiligence

Software Engineering

Computer Graphics

Compiler Design and Construction
Systems Programming

Theory ang¢ Design of Programming Languages

Simuletion and Modellling

Advanced Computer Organization snd Computer
Architecture

Please |is+ below any courses other than the 24
coyrses In the mbove list, +hat shouid be ITncluded
In the reauired group, s*!ll restric*ing the total

number of required courses to a maximum of 5.
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26. Please l1s+ below any courses not Included in the
24 courses already !Iisted that should be part of
en eiective group, s*til! restricting the total! 174
number of elective courses to a maximum of 6.

c. IDENTIFICATION OF HIGH LEVEL LANGUAGES A TEIACHER SHOULD
EXHIBIT PROFICIENCY IN

Select from the !ist of languaces below
those that you feei a high school
+eacher must be proficient in.
Designate your choices by placing an X
toc the slde of the item. Please | imi+t
your selections t0 a meximum of 3 of
the ltanguages. (You may choose less
+han 3).

1. ADA

2. BAsSIC

3, CoBoL

4. FORTRAN

5. LISP
6. PASCAL
7. PL/I
8. SNOBOL

List below any languages not included in the above Ils+
that woyld be more appropriate, still restricting the
maxmum number ot languages to 3.

0. COMMENTS
Please list below sny other comments that you would care
to make,

Thank you tor your assistance in this project!
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APPENDIX H

NOTES ABOUT STATES NOT OFFERING
SEPARATE COMPUPTER SCIENCE
CERTIFICATION

California

Computer science is not one of the sixteen single
subject areas for which regular credentials are issued in
California. Computer science courses are usually taught
under the math or industrial arts classification.

Under statutes enacted in 1979, an individual can add a
supplementary authorization to an existing credential on the
basis of twenty semester hours of undergraduate course work
in the specific subject or ten hours of upper level or
graduate work. Computer Concepts and Applications is one of
the supplementary subjects that can be added to an existing
single subject credential. Therefore, a teacher holding
credentials in areas other than math or industrial arts
could be authorized to teach computing courses through this
provision.

Some aspects of computing could be taught as vocational
subjects. These courses could be taught by someone holding
a designed subjects teaching credential due to work
experience in the area. For such credentials, an individual
must possess a high school diploma or have passed an

equivalency test and have adequate, successful, and recent
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experience in the vocational area named with a minimum of
five years experience. One year of the experience must have
been within the three-year period immediately preceding the
period in which the credential is issued.

California does not, therefore, have any provisions for
reqular certification in computer science. A fully
certified high school teacher in California would have to
achieve certification initially in one of the sixteen
subject areas. If the area of certification was anything
other than math or industrial arts, single subject
authorization would have to be obtained to teach computer

science courses.

Colorado
In Colorado, math teachers must have some exposure to

computer science as a part of their training program,

Delaware
Delaware plans to establish computer science
certification soon. At the present, computer science is
usually taught by teachers certified in secondary math or
business education. However, a person holding any
certification and proper competencies is judged by the state

to be qualified to teach computer science.
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Florida

In Florida, the two academic computing courses,
Computer Mathematics I and II, can be taught by teachers
holding math certification. A1l other computing courses are
classified as vocational subjects and are part of the data
processing occupation curriculum.

Teachers in this curriculum must be certified in either
business education, which is an academic certification
achieved through completion of an approved college program,
or business-data processing or vocational-technical elec-
tronics. Both the business-data processing and vocational-
technical electronics certifications are based on work ex-
perience. Applicants for such certification must have been
employed after reaching the age of sixteen for six years
full-time. At least two years of the employment period must
have been in a job slot at an appropriate level of experi-
ence for such a teacher.

A1l computer programming courses are taught in the data
processing occupation curricula. Programming courses can
only be taught by a person holding a business education
certificate or a person with vocational-technical electron-
ics certification with a minimum of two years in a job

position of programmer or higher.



178

Kansas
Computer science certification in Kansas is considered
to fall under the state-approved programs in business data
processing. Kansas is in the process of drafting standards
for a program in Computer Studies. Such a pregram would be
designated to train individuals to teach computer literacy,

including programming.

Kentucky

Kentucky does not have certification per se for
computer science teachers. The state has identified certain
courses that can be offered in Kentucky public schools and
designated according to certification areas which teachers
can teach these courses. Among these courses are
Introduction to Computers, which can be taught by holders of
certain types of business certification or math
certification, and Data Processing I and II, which can be
taught by teachers holding designated types of business
credentials. An endorsement for teaching advanced data
processing may be added to a high school certificate with a
major in basic business or general business upon the

completion of nine semester hours of data processing.
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Louisiana
Louisiana has no form of certification for computer
science teachers. All teachers with secondary math
certification are approved, but not certified, to teach

computer science.

Massachusetts

In Massachusetts, the only teachers eligible to teach
computer science are those holding mathematics or science
certification. Massachusetts certification standards are
stated in competency terms. One of the stated competencies
for the mathematics teacher is the knowledge of computer
mathematics. A competency for most of the natural sciences
is the knowledge of the relationships among the sciences and
between the sciences and other fields of knowledge.
Computer Titeracy could be considered a related necessity
for most certificates under these circumstances. When
hiring a computer science teacher, it would be the duty of
the individual school system to evaluate the candidate in
terms of competencies. In addition to the competencies, the
individual would also need to hold math or science

certification.
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Missouri
Teachers in Missouri are approved to teach computer
science courses who have either a math or business education
certificate and at least five semester hours in computer

science.

New Jersey

New Jdersey does not offer certification in computer
science. Anyone holding a regular New Jersey instructional
certificate may qualify for an endorsement as a teacher of
data processing by completing a twelve-hour specialization
program, six hours of which are in data processing. Six
colleges or universities in the state offer approved teacher
preparation programs for this endorsement.

Such an endorsement authorizes the holder to teach data
processing in all public schools in New Jersey. Data
processing in New Jersey normally includes the areas of
keypunching, unit record operation, computer operation,

programming, and technology.

North Carolina

North Carolina is planning to establish computer

science certification.
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North Dakota

In North Dakota, teachers with either mathematics or
science as a major or minor area of certification can teach

computer science courses.

Ohio

In Ohio, certification requirements will be undergoing
revision in the near future. Computer science is being
looked at closely.

A teacher holding any type of certificate may receive a
standard special teaching certificate with data processing
as the area of specialization. The requirement for such a
validation is the completion of six semester hours or nine
quarter hours of data processing. Many colleges and univer-
sities in the state of Ohio offer a standard block of
courses leading to such an endorsement. Most computer-
related courses in Ohio are taught in the data processing
curriculum, including programming courses using several

languages.

Oklahoma
The (Blue Book) Administrator's Handbook for Elementa-
ry, Middle, Junior High and High School contains the
regulations concerning teachers of Computer Programming/Com-
puter Science. According to the handbook, a teacher of such

courses must have eighteen hours in business education,
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mathematics, or science with at least six hours of computer

training.

Oregon
A teacher holding a certification endorsement in
mathematics is, by rule, qualified to teach computer science

in Oregon.

Pennsylvania

Pennsylvania does not offer certification in computer
science as a teaching field. According to state guidelines,
the School Program Specialist Certificate is issued for
specialized professional service when no such service is
reserved for another category of certification. This
certification may be used to provide for the teacher an
"academic computer science" course in the general academic
curriculum.

A person with Pennsylvania certification in any area
may be issued the School Program Specialist Certificate to
teach a course titled academic computer science or computer
literacy. The technical eligibility criteria for the
certificate are established by the local school authority
depending on the availability of local expertise and
specialty training.

Vocational educaticen in Pennsylvania is responsible for

developing occupational skills in business data processing,
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scientific data processing and electronic computer
composition. Most aspects of developing employment-level
operational computer competency except for electronic
composition are atso reserved for the business education
data processing curriculum. Persons instructing courses in
either curriculum would need appropriate business or

vocational certification.

Rhode Island

Computer science teachers in Rhode Island must be
certified in the area in which computer science is taught
within the school. For example, math certification would be
needed if the course was taught by the mathematics
department and business certification required if taught by

the business department.

South Dakota

South Dakota has no certification endorsement in
computer science as an academic area. However, for school
accreditation purposes, state regulations have been adopted
to define who is allowed to teach computer science. The
regulation, which is effective July 1, 1983, provides that a
teacher instructing a course in computer programming or
hardware that lasts nine weeks or longer must have a minimum
of eight semester hours in computer-related courses. At

least four of the hours must be in programming language and
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two in the fundamentals of computer systems. Those teachers
employed and assigned before the effective date to teach
such courses must have a minimum of four semester hours of
computer-related courses. The teacher would also be
required to hold a basic teaching certificate in some other
area and would be considered to be teaching a course outside

the major area of specialization.

Utah

In Utah, computer science is currently part of a
composite teaching major (math, computer science,
statistics), but approval is pending for a free-standing

teaching minor in computer science.

Virginia
In Virginia, computing courses are taught by business
teachers in the data processing block within the business
curriculum. The teachers certified to teach in this area
are those who have certification in business education-data

processing.

Washington

Washington is contemplating such endorsements for

teaching certificates.
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APPENDIX I

SELECTED STATE-APPROVED COMPUTER
SCIENCE EDUCATION PROGRAMS

THE UNIVERSITY OF ARIZONA

REQUIREMENTS:

Eighteen units are required for a teaching minor.
These courses consist of numbers 115, 227, 237, 327, 342,

and one 400-1evel course.

COURSE DESCRIPTIONS:

115. Computer Science Principles (3) I,II. Algorithms,
programs and computers. Problem analysis and struc-
tured program design in a high-level Tanguage. Ma-
chine and systems organization, data representation,
program testing and verification. Prerequisite:
Mathematics 116.

227. Program Design and Development (3) I,II. Introduction
to programming using a high-level language such as
Pascal. Several medium size projects will be
required, with emphasis placed on the process of
program design using stepwise development.
Prerequisite: Course 115,

237. Introduction to Assembly Language Programming (3} I,I.
Introduction to digital computers. Elementary
hardware concepts. Machine operations and
instructions. Assembly language concepts.
Programming in assembly language. Prerequisite:
Course 115 or 122.

327. Comparative Programming Languages (3) I,II. Introduc-
tion to several major high-level programming
languages. Characteristics of programming languages.
Programming projects are required in at least four
languages. Prerequisite: Course 121, 122, or 123.

342 Data Structures (3) I,II. Mathematical preliminaries;
fundamental data structures and associated algorithms;
implementations and applications; stacks, queues,
trees, graphs, sorting and searching. CR 327, Prere-
quisite: Mathematics 362.

Source: Department of Secondary Education, The University
of Arizona
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ILLINOIS INSTITUTE OF TECHNOLOGY

REQUIREMENTS:

The MST (Master of Science for Teachers) is designed
for and open only to certified teachers with a minimum of
three years teaching experience. Students not having
training that includes CS 350, 460, and 461, or their
equivalent must make up the deficiency before graduation.
The degree program requires 32 credit hours with no more
than 12 hours of 400-Tevel courses. The program is divided
into three components. The first component, core courses,
is a fifteen hour block made up of CS 440, 485, 560, 561,
and 565 or 566. The other two components are a twelve hour
elective component and a five credit hour project.

COURSE DESCRIPTIONS:

CS 440 Programming Languages and Translators 1. (3hr)

CS 485 Computers and Society. (3 hr)

CS 560 Computer Science in the Classroom. {3 hr) Empha-
sis will be placed on the commonly used computer
languages and their use in the classroom. Discus-
sion of how as well as what to teach in a second-
ary school computer science course. Prerequisite:
€S 350.

CS 561 The Computer and Curriculum. (3 hr) Preparation
and organization of computer-based instructional
units in 1ight of current materials available.
Emphasis on incorporating the computer into sec-
ondary school curricula. Prerequisite: CS 350.

CS 565 Computer-Assisted Instruction (3 hr) Devices and
techniques for the effective use of the computer
in an educational environment. CAI (Computer
Assisted/Aided Instruction) being one of the major
areas of investigation. Prerequisite: CS 560 or
561.

CS 566 Practicum in the Application of Computers to
Education. (3 hr) Provides supervised experience
in the development of computer-based teaching
units in disciplines other than computer science
or data processing. Evaluation of different
theoretical and/or technical approaches to use of
computer in the classroom. Prerequisite: CS 560
or 561.
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BOWLING GREEN STATE UNIVERSITY

REQUIREMENTS:

Thirty hours of computer science coursework; including
€CS 101 or 103, CS 201, 202, 205, 305, 306, 307, and nine
hours of electives, six at the 400-level, are required for a
computer science teaching major. Twenty-one hours,
including CS 101 or 103, CS 201, CS 205, and 12 hours of
computer science electives are needed for a teaching minor
in computer science. CS 100, 180, 260, 390, and 490 may
not be applied to the major or minor requirement.

COURSE DESCRIPTIONS:

CsS 101 Introduction to Programming. (3 hr) I,II,summer.
Algorithms; programming in FORTRAN; introduction
to computer organization; structures programming
techniques. Several programming assignments
required. For students without extensive
programming experience. Not open to students with
credit for another CS or MIS course.

Prerequisite: two years of high school algebra or
MATH 095 or 096.

€S 103 FORTRAN Programming. (3 hr) I,II,summer. FORTRAN
for students with extensive programming
experience. Algorithms; structured programming
techniques. Several programming assignments
required. Prerequisite: prior programming
experience in any computer language. Not open to
students with credit for CS 101.

cS 201 Assembler Language Programming {3 hr) 1I,summer.
Basic computer organization; data representations;
addressing techniques; subroutines and macros.
IBM 370 assembler language. Prerequisite: Grade
of "C" or better in CS 101 or CS 103.

CS 205 Advanced Programming Techniques (3 hr}) TI,II.
Programming in PASCAL. File processing, including
sequential and random files. Recursion. Large
program development. Linked 1ists using arrays.
Interactive text editing and utility routines.
Prerequisite: Grade of "C" or better in S 101 or
103.




Source:
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Data Structures. (3 hr) 1. Implementation and
applications of commonly used data structures,
including stacks, queues, trees, and linked Tists.
Storage allocation anad collection; hashing
techniques; searching and sorting. Use of PASCAL
language, including pointer variables.
Prerequisite: €S 201 and 205.

Programming Languages. (3 hr) II. BNF description
of programming languages. Significant features of
existing programming languages. Structure and
comparison of languages for numeric and nonnumeric
computation. Languages studied typically include
PL/1, SNOBOL, and APL. Prerequisite: CS 205.

Computer Organization. (3 hr) I1. Components of
digital computer hardware: flip-flops, registers,
adders, memory devices. Computer system
organization: control structure, addressing,
interrupts, I/0. Prerequisite: CS 201.

Department of Educational Curriculum and
Instruction; Bowling State Green University



189

NORTH TEXAS STATE UNIVERSITY

REQUIREMENTS:

A minimum requirement of 27 hours of computer science
coursework is required for a first teaching field. These
courses consist of Computer Sciences 110, 111, 310, 410 and
15 hours of Computer Science electives, at Teast 9 of which
must be advanced.

A second teaching field requires Computer Sciences 110,
111, 310, 410 and 12 hours of Computer Science electives, at
least 6 of which must be advanced.

COURSE DESCRIPTIONS:

110. Introduction to Computer Science. (3 hr) A basic
course covering logical operation and organization of
a digital computer, development of basic algorithms,
number systems, boolean algebra, flowcharting
techniques and programming in the BASIC computer
language. Recommended as first course for computer
sciences major. Prerequisite: 2 years high school
algebra or geometry, or 3 hours methematics.

111. Program Development. (3 hr) Problem solving
techniques; algorithmic processes; top down design;
structured programming in a high level language.
Prerequisite: Computer Science 110.

310. Computer Systems Analysis. (3 hr) Principles of
computer systems analysis and design; system hardware
and software characteristics. Comparison of existing
computer facililties. Prerequisite: 6 semester hours
of computer programming, in 2 languages.

410. Computer Science for the Teacher. (3 hr) An
introduction to computers in education. A survey of
computer topics covered in introductory and secondary
school course. Motivation and objectives in computer
education; some programming in the BASIC computer
l1anguage. Survey of instructional uses of the
computer. Not to be counted toward Computer Sciences
major (may be counted as elective) unless computer
science is to be a teaching field.

Source: Department of Computer Sciences, North Texas State
University.
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UNIVERSITY OF WISCONSIN - GREEN BAY

REQUIREMENTS:

A minimum of 25 semester hours are required for a
teaching minor with mathematics-computer science emphasis.
This minor leads to certification to teach computer science
in grades 7-12. This teaching minor is taken in conjunction
with an appropriately related teaching major. The methods
course in mathematics and student teaching in computer
science and/or mathematics are required.

Twenty-five hours, including MATH 202, MATH 203, MATH
255, MATH 256, MATH 257, MATH 320, MATH 351, and MATH 353.
Seven other courses may be elected.

COURSE DESCRIPTIONS:

MATH 202 Calculus and Analytic Geometry I. (4 cr.)
Differential and integral calculus of the
elementary functions with associated analytic
geometry; applications. Prerequisite: 600-104
or satisfactory placement score. {See note on
credit in 600-201.)

MATH 203 Calculus and Analytic Geometry II. (4 cr.)
Transcendental functions; techniques of
integration; applications sequences and serijes.
Prerequisite: 600-202.

MATH 255 FORTRAN: A Scientific Programming Language. (2
cr.) A thorough introduction to FORTRAN
programming and the design of elementary
algorithms. Includes integer, real number, and
alphanumeric processing: one, two, and three
dimensional arrays; FORMATS; functions;
subprograms. Prerequisite: 600-202.

MATH 256 Introduction to Computer Science I. (3 cr.) This
course is designed to develop an understanding of
the basic concepts of Computer Science. Topics
include problems solving, algorithmic processes,
characteristics and organization of computers,
and programming in a higher level language using
techniques of good programming style. The
assignments include a large number of applica-
tions in the physical, social, life, and manage-
ment sciences.
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MATH 320

MATH 351

MATH 353

191

Introduction to Computer Science II. (3 cr.)

This course continues the development of
discipline in the program design, style and
expression, as well as debugging and testing
begun in 600-256, Students are introduced to
large programming projects covering such topics
as aspects of string processing, recursion,
internal search/sort methods, simple data
structures, machine organization, and assembly
language, Algorithm analysis, documentation, use
of subroutines and other techniques used in
advanced programming projects are also studied.

Linear Algebra I. (3 ¢r.) Matrices and vector

space concepts. Systems of linear equations,
matrices, determinants, vectors in 2- and 3-
space, vector spaces, linear transformations,
eigenvalues, and eigenvectors. Prerequisite:
600-202.

Data Structures, Storage and Retrieval. (3 cr.)

An introduction to concepts involved in storage,
retrieval, and processing of data for use in
computer applications. Included are structures
such as arrays, stacks, queues, linked 1lists,
trees, and networks. Particular emphasis is
placed on design of efficient algorithms that use
these different structures for various processing
needs. These include searching, sorting, evalua-
tion of arithmetic expressions, construction of
symbol tables, and memory management. Prerequi-
site: 600-251.

Computer Organization and Programming. (3 cr.)

An introduction to binary, octal, and hexadecimal
number systems, and conversions from one system
to another. Data representation and computer
arithmetic procedures. A thorough study of MIX
assembly lTanguage programming, including actual
programming exercises. Also included is an over-
view of computer software and hardware components
and their roles in a complex computer system.
Topics considered are assemblers, loaders, com-
pilrs, memory, microprogramming, monitoring,
gates, adders, circuits, and applications of
Boolean algebra to circuit analysis. Prerequi-
site: 600-251 and a background in algebra.
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Secondary School Teaching Methods in Mathematics.

(3 ¢cr.}) For students who wish to be Ticensed to
teach mathematics in Wisconsin secondary schools.
Prerequisite: Junior standing and appropriate
preparation in mathematics.

Student Teaching in the Secondary School. (4-12

cr.) Supervised student teaching or internships
in the secondary school. Required for a teach-
er's license. Prerequisite: Senior standing,
preregistration with faculty in Education, writ-
ten cons inst, and assignment by the faculty in
Education. Offered on a pass-no credit basis

only.

Department of Education, University of Wisconsin,
Green Bay.
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APPENDIX J

COMMENTS MADE BY LEADERS IN THE FIELD
ABOUT THE GENERAL NATURE OF
COMPUTER SCIENCE EDUCATION

Computer science courses {advanced programming) should be
used as a foreign language credit at the high school.

1. Will be trouble with a separate department because of
“Turf".

2. Great lack of state leadership.

3. Colleges will drag their feet - we have been teaching
computers for 17 years in high s:chool.

A good course in discrete math would be much better than a
Tousy course in calculus.

Computer literacy is not part of computer science but part
of computer education.

There is too much difference between small schools and the
larger ones. Small schools have 1-2 computers with an
inexperienced teacher. We have 20 Apple computers and teach
Pascal, Fortran and assembler. (No BASIC at all! - BASIC is
fine for computer literacy, not for computer science.)

Problems: 1) Who will teach the teachers?

2) Education majors and computer science majors competing
for grades in the same class is a Tousy idea - what to do?
3) Politics: What old high school courses must give way to
make room for the computer science courses?

We must get going on it soon.

1) The computer science program will lend to business and
industry "knowledge worker" preparation rather than Ph.D
programs in computer science. Hence should have diffe-
rent goals.

2) The rapid change in the computer field will make pre-
college courses different than traditional programs.
Pre-college programs will have to be "competitive" with
university programs for skills, knowledge, and timeli-
ness of information. Trickle down courses won't work.
Institutes will be required yearly and computer networks
for daily access will be a "must."
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3) The introduction of computer science programs will "in-
crease" the shortage of teachers for the short run.

Like the teacher institutes of the 60's, teachers with
computer skills will quickly move on to jobs in industry

and community colleges.

No general agreement on title "Computer Science." It means
differently to schools and industry. We prefer the term
"Information Systems" for broad scope and computer science
for technical concepts {systems programming, simulation,
operating systems, etc.)

How about using "computer and information science" in place
of the term "computer science"?

Special consideration in certification to job experience
needs to be required, so those computer teachers can
approach the field from both theory and applications so both
can be passed on to the students.

Though computer education is a major area of concern at the
high school level, there are many others, curricular and
non-curricular. For the foreseeable future, money will
remain the key. Even though the cost of computers is low,
many schools do not have adequate libraries and so forth,
and these situations must be corrected. Quite frankly, I am
happy I don't have to be the one to decide what to do and
what not to do.

A more appropriate category would be "I don't know" on many
questions.

Colleges haven't learned to separate computer science from
math yet! So high schools won't for a long time.
Therefore, combine it with all other subjects meanwhile.
Eventualy, some courses will be eliminated and move to high
schools as was the case with math.

A major issue is supply/demand vis-a-vis salaries - ideally,
strong training is desired for teachers. But, when strong
training leads to exiting from teaching then resources are
misdirected.

I believe certification is appropriate but as a minor, not a
major field at the pre-college level. Teachers need to be
more broadly qualified.
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Without good development in our schools, kids will have only
the junk-1ike BASIC that they pick up at Computerland!

Question: What part will the College Board AP exam play in
the high school computer science courses in the future?

I see a trend in secondary schools back to math and reading
skills., State universities are going to demand better-
prepared students. There may not be much time to give to
computer science, especially in rural schools. The computer
science job situation is destined for a correction within 10
years. There will be emphasis on theoretical computer
science. Secondary schools may teach programming!
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APPENDIX K
COURSES WRITTEN IN BY LEADERS IN
THE FIELD
Required Courses

Problem Solving and How to Teach
A course in how to teach programming {(what to stress,
structure and documentation versus non, what languages when,
how to best explain certain concepts, etc. Just because you
can program does not mean you can teach someone else to.)
A preliminary course in problem solving methods and
approaches. Many people can't program because they can't
define a problem. They have no basis from which to choose
a method of attack.
Computer Literacy
Evaluating Computer Materials
Twelves hours +/- of an applications directed sequence to
study specific problem areas and techniques related to
computers.

At least 3 hours of technical writing/documentation
training.

Discrete mathematics.

Anatysis of Algorithms

Elective Courses

A course on using microcomputer software (i.e. word
processing, visicalc, etc.)

Data communications

Word processing for the classroom
Secondary Education Computer Applications
Functional Programming Languages

Finite State Machines, NP - Completeness, Recursive Function
Theory
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