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CHAPTER I
INTRODUCTTION

In the past generation, one problem in public educatjion in this
country has been the neglect of the superior student. It is a proper
American boast that never before in histeory has any country educated
such a large number of its youth to such high levels, But the ap-
palling fact is that the egalitarian spirit has tended toward the
average student.l

Teachers and administrators are just beginning to realize that
equality of educational oppertunity is not to be achieved by éausing
every individual to have identical educational experiences, As a
résult, considerable effort has been made to discover and apply
educational methods that will enable adequate provisions to be made
to meet the needs of slow learners. Unfortunately, the ability of
superior sfudents to overcome the déficienéies of their education has
tended to obscure the necessity for exerting similar efforts on their
behalf, Recent developments, however, haVe helped to reveal the very
special needs of superior students.

In many scheools, provisions for outstanding students are limited
to acceleration; that is, outstanding students are taught at an
earlier chronological age the same subjects that regular students are
taught. While this is better than doing nothing at all, it does not

necessarily deal with the really significant problem of what<is-the
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best education that can be provided for fhe gifted child,>

Gifted children need both a qualitatively and a gquantitatively
different education from that offered to so-called average students,
The bright youngster has a capacity to make generalizations and ab=
étractions and thus can go deeper as well as faster. He can discover
for himself what others have to be led to see,*

It has been long recognized that certain classes of children —-
the physically handicapped and the mentally retarded -- require
teachers with special training. The same consideration has not been
extended to the teachers of gifted students. The special demands
made on the teacher of gifted students should be recognized, and
these teachers should be specially trained for the job. Adequate
knowledge of subject matter is, of course, one of the important re-
quirements;. however, this kﬁawledge alone is not sufficient, The
importance of individual research, for example, requires that teachers
of the gifted students should be familiar with resegﬁph methods and
procedureso5 |

The growing shortage of scientists, engineers, and technicians
in this country indicates one area that perpetuates the need for
study and imp?%vement in the educatien of superior students. Even
if all yog'pﬁ‘épresumed to have the ability to complete training
necessary for high level responsibilities were to do so, as pointed

out by Getzel and Jackson,6 manpower shortages in some areas would

still exist, ZEstimates reached were based on a definition of ¥giffed~

v o

ness! which assumes that our highest potential is to be found in thé‘A-
upper three per cent of the general ?opﬁlation, as measured by scores

on standardized tests of intelligence.



The success of tpe,United States in continuing its scientific,
technological, and ideological leadership in world affairs is in-
fluenced by its success in developing and utilizing its resources of
human talent. Conclusions Qf studies related to the subject have led
to a re-evaluation of the high school program in light of the op-
portunities offered to gifted students.” Thus it is not‘surprising
to find that the number of programs in mathematics for talented stu-
dents has increased since the advent of Sputnik,

Because urbanization and the complexities of our society have
created a need for well trained persons’ in diverse fields, it is not
the intention of the public schools to make mathematicians-of all
students. However, the need for competently trained persons in
mathematics exist; in all walks of life, énd the secondary schools
have a responsibility in helping to meet the need, In order that the
schools be as effective as possible in assuming and executing this
responsibility, it is worthwhile to investigate current conditiens.,
One purpose of this inveétigation, therefore, is to study the prac-
tices regarding the education of outstanding mathematics students.
Such an ihvestigation should prove useful both in the evaluation of
present ceonditions and in suggesting ways to improve the education
of Qutstanding students. While the investigation is limited to
secondary schools in the state of North Carolina, it is expected

that the findings can be used in similar situations in other states.
Statement of the Problem

Pressures being exerted on the nited States to maintain its

position in the technological and scientific race have focused much



attention on high school mathematics students. One way of meeting
the grave needs of scilence and technology is to encourage the develop-
ment of each individual to his optimal creative potential. This
observation has led to the realization that gifted students, like
retarded students, have special needs. Their needs cannot be met by
causing every student to move with the same speed and depth. Since
mathematics is basic to science and. technology, the education of
mathematics students is one area in which serious attention is needed B
Recent experiments have revealed that meseting the needs of dif--
ferent students in mathematics is a problem in all schools; however,
this problem appears to. be more acute in schools without multiple
sections.? Even though in small schools (under 300) it is usually
not feaéible to have what is ordinarily thought of as a special
class, grouping within the regular.classes allows some provisions
for a small number of outst@pding students, Flexible prégréﬁs for
outstanding students may also be provided through special assignments

and gu,idance,,lO

The objective of this investigation, therefore, is
to determine: What is.the nature of the educati%n for o?tstanding
high school students in mathematics and what relationships exist
between these and other measurable aspects of the high school?
Because of the broadness of the basic problem, it is necessary
to determine specific questions that need to be answered in carrying
out the propesed study of the basic problem. The specific questions
are as follows: -
1. To what extent are provisions being made for outstanding

mathematics students?

2. What are the methods of making provisions for outstanding
high school students?
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3. What factors limit or prevent the use of these methods?

L, What is the relationship between the programs provided for
outstanding students and the academic preparation of
teachers?

5. What 1s the relationship between the programs provided for
outstanding students and the recency of formal training of
methematics teachers?

6, Are the uses of these methods related to the geographical

region, school size, socio-economic status, and administra-
tive policy? '

Definitions of Concepts

Even though the terms used in this report are all found in gen-
eral literature, it 1s necessary to explain the meanings of certain
terms as used in this report. The critical terms ﬁsed throughout the
paper are:

OQutstanding student. This term will be used to refer to the top-

most level of brightness as selected by teachers on the basis of pro-
vided guidelines, These guidelines include the selection of students
in each schooel whe fall within the top 15 per cent of the student
body, or who possess both highly rated intellect, as determined by
I. Q.,, and intrinsic motivation teward mathematics, or who have
indicated by such criteria as achievement tests scores, course
grades, and high interest, that they are capable oprerforming at a
highblevel if the proper provisions are made, The use of the term
Youtstanding student” is not limited to the "gifted” as defined by
Getzel and Jackson, /& but the gifted fall within this group.

Method, These procedures, technigues, devices, or practices
used in the school environment to provide a unigue program for the

outstanding student are designated as method.
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Geographical region. This term refers to the three distinct

divisions of North Carolina —- Piedmont, Mountain, and Coastal
Plain - as described by Hobbs and Bond. <
School size, This term is used to refer to the number of stu-

dents attending the schools within specified size ranges.

Administrative policy. The school's stated or implied procedure

for the identification of outstanding students and the providing of
programs for them will be referred to as administrative policy.

Socio~economic status, This term will be used to refer to the

five-class structure that Havighurst and Neugarten13 have identified

as being characteristic of American population.
' Assumptions

Aside from the normal assumptions of any investigation, such as
honesty of response, there are certain specific assumptions under-
lying this investigation. They are:

1. The sample will include schools that are making provisions
for the educatien of outstanding students of mathematics,

2. Schools differ in the extent to which they make provisions
for outstanding students of mathematics,

3. There are educational methods of providing fer outstanding
mathematics students being used by seme teachers in some

schools that can produce desired results when used by
teachers in other schools,

Importance of the Study

The significance of this study lies in the need for some com-
prehensive study of methods being used in high schools to make pro-
visions for outstanding mathematics students, This report should

provide North Carolina school personnel, and hopefully school



personnel of other states, with information regarding the existing
conditiens and should suggest ways in which improvements méy‘be made,
Since a search of related literature reveals an absence of a
previous study in this area, such an investigation is needed to
arouse the consciousness of the citizens of North Carolina of the
increasing need for teachers and for schools capable of meeting the
needs of these outstanding students,- A study of this type is also

‘needed to provide base line data for further study,
Organiiation of the Study

The main cencern of this chapter has been the nature and back-
ground of the problem of providing for outstanding students of mathe-
matics, There was also an endeaver to establish a raticnale for the
necessity of a study in this area, Then, there was a statement of
certain assumptiens necessary to carry out the study.

An investigatien of the literature is presented in Chapter II,
This investigatien was. prompted by the need to determine what na-
tional practices are utilized in previding for outstanding students.,
Moreover, it grew out of the conviction that an extensive review of
the literature would reveal certain problems encountered in trying te
provide for outstanding students,

A discussion of the design of the study constitutes Chapter III.
Construction and validation of the instrument, selection of schools
and teachers, and validities of the study will be the major topics
discussed. A discussion of the extent of responses will also be
presented.,

Chapter IV will be limited to a presentation of objective



findings., All interpretations, suggestions, and conclusions will be

reserved for the fifth and final chapter.
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CHAPTER II
REVIEW OF RELATED LITERATURE

While Chapter I has been essentially a general introduction to
the study; this chapter will focus on the related literature, Litera-
ture on methods of providing for outstanding students of mathematics
will be reviewed; and latest research on the training of secondary
mathematics teachers will be presented.

Before 1950, very few research findings appeared in the litera-
ture on the educational provisions for outstandingAstudents in mathe-
matics. Since 1960, however, as pointed out in the first chapter,
the many studies bn the nature of the outstanding student and the
numerous experimental programs to provide for the outstanding student
have resulted from the realigation that outstanding students need an
education that is distinctly different from that of the average

student.
Nature of the Outstanding Student

Over the years, varying attributes have been settled on the
"gifted" student. Once they were considered physically and socially
below the average student, but this notion has now been repudiated,
Terman,l for example, found that students who are superior in mental
ability are likely to be superior in other things as well. Terman's

studies point out the following abilities often exhibited by gifted

10
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children:

1. They use a large number of words accurately and easily.
2, They learn easily and rapidly.
They have a longer attention span on challenging material.

3

L., They ask meaningful questions.,

5. They have activevinterest in a wide number of topics.
6

. They comprehend meanings, recognize relationships, and reason
clearly.

7. They grasp abstract concepts readily.

8, They use original methods and ideas.

9. They are alert and observant.

10. They have great powers of retention.

11, Their gquestioning attitudes make-them interested in finding
out the reasons for observed phenomena, They are constantly
asking, "Why?"

Behaviaral scientists are making significant efforts to vdistil"lﬂ
guish othertbéhaviofal attributes worthy of special educational at-
tention., Creativity, productive thinking (as distinct frem repro-
ductive and divergent thinking (as opposed to convergent) are concepts
representing attempts to isolate, define, and measure additional sig-
nificant qualities of mind which relate to giftedness. The develop-
ment of creativity is now being seen as an inoréasingly worthy edu=
catlonal objective,z‘

Thé future mathematicians, whether in pure or applied mathematics,
will be drawn from the groups of outstanding students for which we
-are now providing. Generally, the mathematician is most creative
during ‘his twenties and thirties. If a student is to reach his

creativevpotential, he must move surely and swiftly up the
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mathematical ladder.3

Too often the mathematically talented student is discouraged from
pursuing mathematics because he finds the pace too slow, too tedious,
or even boring., He is asked to do work that provides him with little
or no challenge, He is forced to move at a much slower rate and with
much leés depth than his capacity permits. Why should he not have
educational programs which enéble him to perform at his maximum
potential?h | |

Colleges and universities across the country have taken the
leadership in determining the nature of learning and the extent of
learning in outstanding high school mathematics students, At Hamline
Univérsityvin St, Paul, Minnesota, classes were held on Saturday to
determine if high school students could complete college mathematics
and science courses while maintaining their other high échool acti-
vities and courses.5 Thevmathematics courses cffered such topics as
college algebra, trigonometry, and analytic geometry and calculus.
Of the fifty high school students starting the program, 43 per cent
received ébfinal grade of B or better, 80 per cent received C or
better, and only 20 per cent received D or less., All students con-
tinued to do well in their high school courses.6

This.. program was judged generally successful by the director,
Two significant revelations resulted from the experiment. First,
superioer students can.do substantially more advanced work, with
acceleration and with more depth. Second, outstanding students are
receiving top grades in high scheol with littlé work, and they expect

to continue this level of work in college.7
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Administrative Provisions for Outstanding

Students of Mathematics

Whether the school administration makes provisions for outstand-
ing students depends, in many instances, on the size of the school.
In larger schools, ability grouping is one of the major means of
providing for the outstanding student, However, more and more
schools are grouping pupils by ability as early as the seventh
grade,8

Identifying the gifted student calls for the best available
measure in order to arrive at as accurate an assessment of pupil
potential as possible, Screening can be used in initial identifi-
cation, The process entails the employment of several criteria,
such as group measured intelligence, tested achievement, and.teacher
judgment, An essential consideration in determining the criteria for
assessment of pupil potential is that the measure permit students to
perform at their optimal level, not a level which has a ceiling im-
posed on it°9 In the final analysis, each school individually es=-
tablishes the criteria for selection of students,10

One factor which might influence the establishment of criteris
for selecting or judging the gifted student is the socio-economic
distribution of the population. For example, a school in a culturally
favored suburban community may have an I. Q. cut=off score of 130 in
the identification of the gifted. A school located in a culturally
deprived community, on the other hand, might have a cut-off score of
120, Thus the inclusion of a certain percentage of the enrollment in
the group of gifted students may not be realistic,ll

Much of the important research on the identification of superior



14

students and on grouping according to ability was done in the early
part of the century,l2 Recent research by Conant,lB‘Miller,lh Wright-=
‘stone,l5 and Vrede'\roe:l‘6 tends to support special grouping as a favor-
able way of meeting the needs of outstanding students. When students
are placed in such groups, they can better receive the stimulation,
encouragement , and challenge to perform more nearly to their potential,

More can be saild in févor of grouping students according to
ability. Hlavaty:L7 suggest three advantages of ability grouping.
First, since talented students de not .need as much drill and review
as other students, it is. possible for them to cover the standard
curricular offerings in less time. Thus it is possible to expand the
content which these students cover and to provide them with more in-
tense instructien than the average student can manage.

The second advantage of ability grouping is that gifted students
are stimulated by working with others of similar ability, The
challenge of stiff competition causes them to perform more nearly at
optimal level., In such a situation students are helped to develop
worthy attitudes of self~respect as well as humility and respect for
others.,

Third, a curriculum can be developed more easily for a group
with similar interests and abilities than for undifferentiated groups.,
The interests of both ﬁhe average students and the talented students
are more practically served in this case, Moreover, teachers are
able to experiment with methods of instructien witheut failing to
meet requirements of the curriculum,

Schools which practice ability grouping should,.on the other

hand, be cautious in the separation of students into groups. The
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outstanding students should not be withdrawn from the mainstream of
school 1life., They should be encouraged to participafe in social
functions, homeroom activities, and athletic events, The assignment
of students to special classes should be looked upon as an honor and
a privilege. Special care should be taken to instill attitudes of
humility and service in students taking part in special classes .8
The organization of mathematics clubs is another means of making
administrative provisions for outstanding students. These clubs may
be organized by grades, by schools, or by scheol systems, depending
-upon interests, talent, and resources, Such. provisions may be used
in additien to, or as an alternative to, grouping according to
ability. In schools where it is difficult to provide day~to=day cone
tact between outstanding students of similar interests and abilities,
mathematics clubsbwould be especially beneficial. They would provide
opportunities for the studeﬂts to hear authorities in the fields of
mathematics and science and opportunities to hear students from clubs
in other schools¢19
In-additien to ability grouping and mathematics clubs, adminis-
trative provisions for outstanding students can be made by permitting
and encouraging correspondence courses, enrollment in courses offered
at nearby colleges, and seminar studies, In cases where small groups
of students are interested in topics ﬁot included in‘the curriculum,
these provisions are useful., In the past, the most popular method
has been to provide correspondence courses or to permit enrellment
in courses at nearby colleges. More recently the trend is to provide
seminar'studies for such groups,20 |

Seminar courses can prove to be practical in schools where there



is a limlted curriculum or where there is a limited number of siudents
interested in a particular topic or area. Personnel for such courses
might come from several sources. When no one on the school staff is
competent or is interested in conducting the seminar, an outsider may
be called in, He may be an adult from the community, a professor
from the community college, or some other resource person, <+

One of the most important ways for the school administration to
provide for outstanding students is to provide a strong curriculum.
The 1959 report by Conant?< on the American high school charged that
the curriculum did not present a sufficient challenge for the able
student. Conant felt that algebra could be offered as early as the
eighth grade. Because eighth grade and seventh grade arithmetic were
so>similaf, outstanding students often felt no challenge, became
bored, and lost interest in mathematics as well as in other subjects,
Although the Conant report met early oppositicn, parents and teachers
have since come to agree with many of its recommendations.

The secondary school curriculum has been undergoing notable
changes in the last ten years, Most significant and most progressive
have begen the changes in mathematics, mainly because it is one of the
fastest growing and most useful subject matter areas, Many of the
revisions taking place are aimed at enriching and extending programs
to challenge the butstanding stude‘nts.,'g3

In an effort te gather evidence to provide school personnsl with
Insight on the readiness of eighth grade students for courses in alge-
bra, and Dade County school system in Miami, Florida, experimented
with two groups of students: one group consisted of thirty--four

elghth grade students and the other consisted of thirty-four ninth
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grade students., Mean average age of the younger group was 13.1 years
while that of the older group was 14.2. Students were selected for
placement in these groups on the basis of I. Q., achlevement in arith-
metic, academic ability in all subjects, and opinions of teachers and
counselors on such factors as emotional stability, interestﬁnwo;k
habits, and regularity of attendance, 2

Test score results of students involved in the study indioagéd‘
that age was not a significant factor in the students! achievement in
elementary algebra. A more important factor was the extra incentive
for studying mathematics, Parents and students alike felt that the
challenge of the algebra classes helped stimulgte thinking in all
areas, Perhaps the most important aspect of such a pregram was that
the total mathematics program was accelerated one full year, thus
enabling these students to complete a year of mathematics in high
school eguivalent to a first year collegs c;ourseoz5

A pilot program in Charleston, West Virginia, initiated by
Pauley was designed to provide for the needs of outstanding students
in ﬁgthematics, Pauley and his committee developed a seguence of
courses and topics to be taught in each grade:; accelerated modern
arithmetic, elementary algeﬁra, combined plane and solid geometry, =
trigonometry and college algebra, and mathematical analysis, to be
taught in seventh through twelfth grades, respectively, This program
was designed to adequately prepare students for more rigorous college
mathematics coursesaz6

In an evaluation of the program by principals, teachers, and

students, there was general agresment that special classes in mathe-

matics more adequately provide for the needs of the students,



18

Students involved had improved in their general attitude toward
mathematics and standardized tests revealed that they had accelerated
as much as three grades,27

An inclusion of calculus in ﬁhe high school mathematics program
is a question that has both negative and positive sides., W, Eugene
Ferguson28 taught calculus at Newton (Massachusetts) High School for
fourteen years. He outlines, on the basis of his experience, definite
conditions that must be met by the school, the teachers, and the stu-

dents before a school should attempt to offer a course in calculus:

1. The school must offer the prerequisite courses.

2, The school must have at least one teacher on the staff who
is qualified to teach bona fide college calculus.

3. The students must be adequately prepared mathematically.

N

Many feel that the high schools are embarking upon an impossible
téék in accelerating to place calcuius in the curriculum. On the
.contrary, acéording to many college professors at top rank univer-
sities, students who took calculus in high school are more successful
.ih their‘éollege mathematiés classes. This 1s not to say that there
are not some failures, Ferguson points out that much of the "failure
in high schoél comes és a result of ill=prepared calculus courses,
‘taught by ill-prepared teachers, taken by ill-prepared students.,n<?

At Emerson (Afkansas)‘High School, considerable experimentation
has been‘going on since 1960 in an effort to find ways that the small
high school can.méet the needs of outstanding high school students in
mathematics. In spite of progress being made, it remains clear that
~the smaller the high school the more acute is the problém of meeting

the needs of these students.>©
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The organizatioﬁal plan at Emerson involves the scheduling of
both general and advanced mathematics in the same room at the same
time under the same teacher, The class is divided into two groups,
and one=half of the class period is allotted for each group, Each
year, as the program progresses, revisions have been made to provide
longer periods, programmed materials, outside readings, and advanced
assignments, Thus students are able to cover many advanced topics
of which they would ordinarily be deprived., While the program is no
panacea, it has provided satisfactory answers to some of the problems
in dealing with outstanding mathematics students in small schools. T

In addition to special high school programs, symmer institutes
offered by the National Science Foundation and by other organizations
seek to make provisions for outstanding high school students of
mathematics, These have been offered at many colleges, both private
and public, spread across the country., Students attending the insti-
tutes have interests ranging from physical science to mathematics to
engineering. Courses offered include algebra, geometry, analysis,
project seminars, higher algebra, probability, the real number system,
and directed reading in mathematics. Generally, competition among
these students is high and their standards become the norm.,32 While
the programs are not essentially administrative provisions of the
high schools, they do provide opportunities for outstanding students
to pursue courses beyond the high school level and are sources of

st imulating and challenging experiences for the participants.
Classroom Provisions for OQutstanding Students of Mathematics

Even though the task of providing suitable instructions for



outstanding mathematics students is to be shared by everyone, from
the classroom teacher to the national leader of curriculum projects,
the crucial element in the implementation of an effective program is
the classroom teacher. The teacher,.heif to such an influentisl
position in the education of all students, must be sensitive to
individual needs >3

There are times when the student needs to be provided with
guidance and direction. There ére other times when he needs to be
left alone to explore ideas and concepts at his own. pace and as he
desires. The talented student, especially, must be provided with
ample opportunities to take off on his own; otherwise, latent talent
might be stifled. As Gardner has pointed out, "In a democratic
society, we have an educabtional responsibility to afford each of our
students the oppertunity to achieve the best in hima"Bh

The teacher can do many things to help the student Yachieve ths
best in him" once he has been provided with basic tools and ideas,
First, it is important to remove the pressure of time, Students need
the time to think, to organize, to obtain insight into problems, to
choose the appropriate procedure and follow it through035 Then stue
dents must be presented with meaningful problems and materials with-
out being led to answers and conclusions. They should be given in=
formatien and should be permitted to decide what to do with it.

Other ways that the teacher can challenge, excite, and encoursge
the outstanding student of mathematics can be cited, The teacher

could:

1. Try to ask meaningful questions at the right time.

2. Include optional honor problems in homework assignments,
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Such problems should not be simply longer and harder, but
should be problems that lead to new ideas and concepts.,
3. Include optional bonus questions on regular tests.

L4, Have available a class mathematics library for students to
borrow from or browse in during spare time.

5. Encourage the talented student to report to the class on
some of his findings, discoveries, and outside readings.

6, Make himself available for consultation and discussion.,

7. Show films that would arouse mathematical thought and
stimulate interest,

8, Take interested students.to a computer center,

9. Encourage talented students to participate in mathematics
fairs and contests.

10, Encourage talented students to help others, either on a
- tutorial basis or mathematics help classes.

11. Know when to '"get out of the way": only too often the
teacher, instead of accelerating the progress, interferes
with it,37

Whether students are grouped according to ability or not, several
alternatives are available to teachers to work with outstanding stu-
dents within the classroom. The laboratory method, for example, is
-pedagogically sound for providing for students of varying abilities
in the same classrocm, The method utilizes an experimental approach
that requires the participation of each student and allows him to
work at his own rate, The teacher then has time to administer assis-
tance whenever and wherever it is needed, Moreover, students can
, Lo . . . 38
learn from each other through discussions of their work.

Another alternative, the expository approach (commonly called
“show and tell” or "rule and example! method) is a popular method of
teaching students in a class of varying abilities, but it does not

meet the needs of all students in the class, particularly the gifted
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student, The gifted student has the greater capacity for independent
discovery and maj go unchallenged while others are being led to meke
the discovery he made some time beforeu39

Of the many books, articles, and research reports dealing with
the gifted student and with discovery methods of learning, a consider-
able number concern themselves with teaching and learning as they
relate to outstanding students of mathematics. Wide support for the
use of diséovery methods with these students is in evidence., Even
though the expository approach, guided discovery, and pure discovery
are frequently discussed, conclusions based on experimentation indi-
cate that discovery methods are more suitable for teaching mathematics
to gifted sﬁudentsoho

Guided discovery is defined as the approach to instruction in
which the teacher attempts to draw from the students certain informa-
tion through a series of questions intended to guide the student to
eventual discovery of a concept or principle., In the pure discovery
approach, students are expected to learn concepts and principles with-
out any assistance; the teacher merely mentions certain items or

41

references,

L2

Mercerie™ reports a significant conclusion drawn by Apolas after
the latter had conducted extensive experimentation involving discovery
learning: Pure discovery led to more effective learning and permitted
students to gain knowledge in less time than it takes for the teacher
to guide them. On the other hand, Ga.]_la.ghelf"l‘L3 reports that investi-
gations by Hendrix and Bruner on both the pure and the guided dis-
covery methods seem to faver guided discovery over pure., In either

type of discovery method, however, the teacher must be cautious,
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war"ns,F‘.Y.'=65r1<3h,z"’l‘L lest they show signs of being too erudite, If caution
is not exercised, students may be led to believe that there is nothing
for them to discover for themselves.,

Finally, diverse research reports favor the assignment of indi-
vidual projects as a useful way of providing for outstanding stu-
dentsohs In some cases where success of using individual projects has
‘been limited, a lack of plamnned activities has been a significant
factor, In order for projects to be successful, the teachsr must
have time to plan the periods for students to assemble the work and
time to give the proper guidance that is needed. When students are
working on individual projects, particularly when they have under-
taken a difficult project, it usually proves helpful to set aside

L6

three or four consecutive class perilods to work on them,

Recommendations for High School

Mathematics Programs

“

The impact of science and technology and the advancing mathe—
matical sciences - the computer, for example —- will continue to
influence the directions of the high school mathematics programs,
Al resdy changes are being experienced that were deemed impossible
only a few years ago,

Various study groups have been discussing and experimenting with
.new programs that would eliminate superfluous drill and repstition,
thus permitting the coverage in nine years of the concepts that are
usually taught in twelve years. The spiral approgch -- the practice
of exposing the student to a concept on a very elementary level and

returning periodically to the concept with ingreasing depth -~ has
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been recommended as a vehicle for making the nine-year plan effec-
tiveoh7 The Cambridge Committee has developed a program wherein,
using the spiral approach, mathematics now being ﬁaught in kinder-
garten through the fifteenth grade can be taught in kindergarten
through the twelfth grade, A description of the program for high
school follows.

Grades seven and eight: Algebra and Probability == real numbers,

.polynemial  functions, sampling, random variables, statistical

estimation, and hypothesis testing.

Grade nine: Geometry -- intuitive .and synthetic geometry,
Fuclidean and vector spaces, conics, and transformations.,

Grade ten: Geometry, Topology, and Algebra —= geometry of the
complex plane,. neighborhoods, continuous functions, mappings,
~triangular matrices, orthogonal transformation.

Grades eleven and twelve: Analysis == real numbers,. sequences,
derivatives, differential and integral calculus, calculus of
several variablesqh8

Preparation of Secondary School

Mathematics Teachers

A change in the nature of mathematics to include broader concepts
has led to new theoretical and practical developments, Many topics
‘now taught in the high school have caused a great number of programs
for the preparation of high school mathematics teachers to be desmsd
inadequate, With the wide variety of programs recommended for high
schools and the proliferation of new knowledge, it is essential to
prepare teachers who can select intelligently from what is changing
in content, pace, and sequence., This requires not only enthusiasm
and understanding of the new mathematics, but it also requires depth

49

in the traditional concepts as well,
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The large number of study groups on the preparation of secondary
mathematics teachers reflects the emphatic changes that have taken
place in the entire field of mathematics since 1958, The recommends—
tions made regarding teacher pfeparation have been many. 7Two of

these recommended programs are described in the followilng paragraphs.

National Council of Teachers of Mathematics (NoTM )

Ten years ago, one year after the advent of Sputnik, the NCTM
described what was considered a model program in mathematics for
high school teachers. The program included six areas:

1. Analysis == trigonometry, plane and solid geomstry, and

calculus

2. ‘Foundations of mathematics == theory of sets, mathematical

or symbolic logic, postulational systems, real and complsex
systems

3. Algebra - matrices and determinants, theory of equations,
and structure of algebra

Lo, Geomstry == Euclidean and non-FEuclidean matrices and projec—
tive, symbthetic and analytic

5. BStatistics = probability and statistical influence
6. Applications -- mechanics, theory of games, linear programe
ming, operation research

The Secondary School Curriculum Committee of the NCTM asserted
that, as a minimum, teachers of mathematics in grades nins through
twelve should have successfully completed a program of at least
twenty-four semester hours in the courses. outlined, including a full
. ; 50
yvear of calculus.,

For teachers preparing to teach advanced placement mathematics

in high school, this ten year old program is now considered inadequate.
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-Many of the subjechts recommended for the preparation of the teachsrs
are now being taught in the high schools. Others, not now being
taught in the high school, have been recommended by various commissions

to be added to the secondary curriculumnjl

Committee on the Undergraduate Programs in Mathematics (CUPM)

The Committee on the Undergraduate Programs of the Mathematical
Association of America ocutlined a stronger program for the training
of mathematics teachers in 1960. These recommendations are divided
into four levels on the basis of subjects taught., Level I concerns
a program for elementary school teachers and will not be presented

here, The other three levels are:

Level ITI. Teachers of the elements of algebra and geometry

Level III. Teachers of high school mathematics (This level
includes any subjects taught other than the ones in
Level IV.)

level TV. Teachers of the elements of the calculus, linear
algebra, probability and advanced placement courses
(This is a mixed level, consisting of teachers of
advanced high school subjects, . junior college
teachers, and staff members in the university who
teach in the first two years, )<

The following table gives a breakdown of subjects rescommended
by CUPM for each level. The term '"course!" means a three semester
hour course or its equivalence in quarter hours,

In addition to the courses recommended for level three, it is
recommended that these teachers have a major in mathematics and a
minor in an area that regquires-considerable application of mathematics,
For Level IV teachers, it is recommended that a master's degree be

acquired which consists of at least twenty-one hours of graduste
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TABLE 1°3

NUMBER OF SPECIFIC COURSES RECOMMENDED BY CUPM FOR
VARIOUS LEVELS OF MATHEMATICS TEACHERS

Courses
Probability
and
Level Analysis Algebra Geometry Statistics Electives®
II 3 1 1 b
IIT 3 2 2 236 2
v L 2 3 2 Ve

*Courses recommended for electives are: algebra, geometry, probability
and statistics, real variables, complex variables, number theory,
topology, history of mathematics, and high speed computer techniques.,

#*Indicates that subject should include an introduction to the language
of sets,

mathematics, in addition to the thirty-three recommended for Level IIT,
The CUPM recommendations are minimal and have already been adopted by

.
many institutionsoph

Some Findings on the Preparation of In=Service

Secondary Schogl Mathematics Teachers

Increased emphasis on improving the quality of mathematics
instruction in the public high schools has given rise to summer and

in-service academic programs for secondary school teachers., Curri-

culum planners have raised questions about the number of teachers
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that have completed plans of study recommended by the various com-
misions, about the number of mathematics teachers who have majors in
mathematics, about the number of mathematics teachers who have at-
tended various institutes, and about the number of teachers who have
had special training in mathematics,

A review of some surveys, a number of which are national in
scope, on the training of mathematics teachers should indicate how
much, if any, the various recommendations have affected the training
of secondary teachers of mathematics. Two years after the CUFPM re-

DD

commendations were made, Hendrix”~ conducted a survey to study the
effects of the recommendations on teacher training. He noted remark-
able changes both in the college courses offered and in institutienal
certification programs, Smith,56 in a 1963 survey, found that, of
the teacher training institutions surveyed, 55 per cent had no courses
especially designed to familiarize prospective teachers with the con-
tent of the new mathematical curricular materials, and 77 per cent
had no special courses or sectlons for those returning to do graduate
work in mathematics,

A more recent and thorough survey on the preparation of high
school mathematics teachers was conducted by the U, S, 0ffice of

FEducation in 1965, The survey included sixty-six schools across the

p)

country, The high schools were selected beczuse they were recognized

as having leading mathematics programs. In general, the training of
the teachers invelved in the study was above average, All had bache-
lor's degrees, 74 per cent with a major in mathematics., Fifty-five
teachers had master's degrees; of these, twenty-two had a major in

mathematics, twenty=three had a major in education, and ten had majors



in other fields, TWO teachers had doctorate degrees., An average of
thirty-four semester hours of credit beyond calculus had been earned
by teachers in the investigation. Furthermore, the impact of the
institutes supported by the National Science Foundation was evidenced
by the extent to which teachers in the selected schools participated
in them, On the average, each teacher had attended two summer insti-
tutes and one in-service institute, Eight had participated in NSF

academicwyear institute5057
Summary

A review of literature related to this study has been presented
in this chapter. The aim has been to point out the latest programs
and recommendations for outstanding high school students of mathe-
matics, Because the effectiveness of any mathematics program and
any provisions made for the student will be dependent, for the most
part, upon the teacher, recommendations regarding the preparation of
high school teachers of mathematics were also outlined in this chapter.

The search of the litsrature revealed that a variety of programs
for providing for the outstanding students of mathematics are being
. conducted. Some of the methods inveolved include grouping according
to ability, use of correspondence courses, seminars, spébial projects,
mathematics clubs, and honors courses., The most prevalent method
mentioned was the use of ability grouping. The litesrature also re-
vealed that there is a great deal of enthusiasm for and interest in
providing fof outstanding students. With regard to the training of
mathematics teachers, latest recommendations have been put into prace

tice and have had some effect upon the programs for training high
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school mathematics teachers,
Chapter IIT will be a discussion of the design of the study, the
methods of securing data, validation. of the instrument, and distribu-

tion of responses by size and by socio-economic status of schools

investigated.
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CHAPTER III
DESIGN OF THE STUDY

The first twe chapters have been concerned with a general intro-
duction to the study, and an extensive review of literature concerning
the making of provisions for outstanding mathematics students. Some
of the latest findings en tﬂé preparation of high scheool mathematics
teachers were alse presented in Chapter ITI,

A discussion of the design will comprise this chapter., In dis-
cussing the design of the study, there will be four major areas of
concern, The first part will deal with the method used to select
schools and teachers for this investigation. Second, an explanation
of the method used fo obtain daté, including an explanation of the
constructien of the gquestiennaire, wili be given, 5;; focus of the
third area will be the scope and validity of the study. In the last

area, an attempt will be made to summarize and poeint out significant

observatlens about the distribution of respoenses.
Selectien of Schools and Teachers

The population consists of public high schools of Neorth Carolina.,
The state is divided inte three rather diétinct geographical regiens —-
Piedment, Mountain, and Ceastal Plain —- each distinguishable in terms
of élimate,‘natural resources, urban development, density of pepula-

tion, and means of livelihooed. The Piedmont region is generally
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recognized as the industrial region of the state; consequently, it is
mere densely populated., The Mountain region is noted for its natural
beauty and attracts many teurists. The Ceastal Plain, endowed with a
mild climate and abundant waterways, consists of communities which
are primarily either agricultural or maritime,l The sizes and types
of schools in the state are affected by their>locations, with numerous
larger scheels being located in the thickly peopulated Piedmont regien,
and mere rural schoels belng located in the agricultural Coastal
Plain. Fer these reasons, the schoels were studied by regions.

A randem sample of the schoels which enrell students in grade
categories 9-12 or 1l0=12 was selected by using a table of randem
numbers., The sample consisted of 25 per cent of the schools in each
region for a total of 63 schools, Information from the selected
schools was provided by the principals and those teachers who con-
ducted ne fewer than twe classes in mathematics., A list of these
schools which enrbil students in thé.desired categories was secured

frem the North Carolina Educational Directory, 1967m1968°2

Collection of Data

Construction of the Questionnaire

The questionnaire was the sole source of data, Difficulty in
scheduling interviews made it impoessible te secure infermatien
through interviews. Moreover, it was felt that teachers would be
’reluctant in a personal interview to give the kind of infermatien
asked for in the questionnaire. Van Dalen supperts this conclusion

in his Understanding Fducational Research°3
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The process of determining the adequacy of informatien requested
in the questionnaire included the compiling of a preliminary list ef
metheds of making previsions for outstanding mathematics students
gathered from literature related to this subject. The list was then
reviewed by individual consultation with doctoral students in mathe-
matics educatien, high schoel principals, and mathematics tegchers,
Recommendatiens of these groups were used to revise the preliminary
1ist of methods.

The tentative qﬁestionnaire was then coenstructed from the pre-
liminary list of items and was submitted to the members of the
auther's doctoral committee for their suggestions. After revisions
were made on the basis of the committee's suggestions, the question=-
naire was administered, during the menth of August, to a group of
experienced teachers and principals net furnishing data for this
investigatioen, Responses and verbalizatien allowed an indicatien of
validatien of the instrument., The instrument was revised again and

submitted to the auther's doctoral committee for final approval,

Design'of the'Questionnaire

The appreved questionpaire was comprised of two separate parts,
one cencerned with overall administrative and curricular provisions,
and the ether with classroom provisions° Each questiennaire was as=
signed a reference number to make possible identificatioen of parti-
cipating schoels. A copy of the questionnaire is found in Appeﬁdix A,

The first part of the questionnaire, completed by each principal,
consisted of two sections., Sectien A contained fourteen questions

pertaining to the general nature of the student body, size ef schoel,
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and administrative provisions for outstanding students in mathematics.
Section B inguired about four extracurricular metheds that have been
highly recommended for stimulating and challenging outstanding mathe-
matics students,

The second part of the questiennaire was cempleted by each mathe~
matics teacher who taught at least two mathematics classes in the
selected schools. The teachers! part consisted of three sections,
Sectien A was cencerned with four bread groups of metheds of pro-
viding for eutstanding mathematics students: Special preblem assign-
ments, reading assignments, teaching and demonstrations, and special
projects; there were nine specific classroom methods of providing for
the outstanding mathematics students., These were the most impertant
metheds as recommended in Chapter II.

Section B was designed to check the coensistency of respenses te
Part I of the questiennaire, Five questions cencerning the nature
of special classes, special ceaching by teachers, and counseling were
repeated in order to verify the principal's impression of what the
teachers were doing with what was actually being done.

Questions in Sectien C were designed te determine the teachers!
academic preparation and recency of training. Informatien about
institutions granting degrees, years degrees were conferred, and
credit hours earned in specific course categeries was requested of

each participating teacher.

Submission of the_Questionnaires to Schools

Due te difficulty eof securing the names of mathematics teachers

in selected schools, both parts of the questionnaire, accempanied by
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letters of explanation, were submitted to principals of the schools
in the sample. On October 1, 1968, copies of both Part I and Part II
of the questionnaire’were mailed to these principals, Each principal
was requested to complete Part I of the questionnaire and to ask each
mathematics teacher who taught at least two mathematics classes, to
complete Part II, Individual self-addressed, stamped envelopes were
enclosed for the purpose of returning the completed questionnaires.
Accempanying instructiens assured the principals and teachers of
anonymity,

Another difficulty encountered in distributing the questionnaires
~was that of determining the exact number of mathematics teachers em-
ployed by each school. An estimate was made, however, based upon

information provided in the 1967-68 North Carolina FEducational

L

Directory. The principal’s completed copy of the questionnaire re=
vealed the exact number of mathematics teachers in scheol., When
these were returned, additienal copies of Part II were mailed if

necessary. All questiennaires, both Part I and Part II, were to be

returned on or before November 1, 1968.

Follow-up Letters

In erder to insure as large a return as possiﬁle, follow=up let-
ters were mailed to all schools in which Part I of the questionnaire,
and at leést 80 per cent of the copies of Part II of the question-
naire, had net been received by November 5, 1968, A second set éf
. gquestionnaires, along with stamped, self-addressed envelopes, was
alse enclesed. Principals and teachers were urged to return all parts

of the completed questionnaire by December 1, 1968.
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Scope and Validity of the Study

Distribution of Responses by Geographical Regions

In erder for a school to be considered as having reperted, and
thus to be included in the study, two criteria had to be met: A copy
of Part I of the queétionnaire, completed by the principal, and cepies
of Part II, completed by at least 50 per cent of the mathematics
teachers who were téaching,no less than two mathematics classes, had
to. be received by December 5, 1968, Furthermore, Par£ I and Part II
of the questionnaire from each school had to be reconcilable,

Eighty per cent of the schoels responded and were represented
in the study. Only one school was eliminated for failing to meet
specified criteria. Table II shows a distribution of the responses
by geographical regiens. The largest and smallest number of responses

were received from the Piedmont and Coastal Plain regions, respec-

tively.
TABLE II
NUMBER AND PER CENT OF SCHOOLS, BY GEOGRAPHICAL
REGIONS, RETURNING USABLE RESPONSES
Number of Number of Per Cent of
Schools in Schools Schools’
Regien Sample Responding Responding

Ceastal Plain 18 12 : 66.7
Piedment 36 30 o 83.3
Mountain 9 g 88,9

Total 63 50 80,1
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Distributien of Responses by Sizes of Schools v

The schools included in this investigation were groupéd inteo six
enrollment categeries. Table III shows the number and pef cent of
schools respending by enrollment categories. Since there were no
scheols with fewer than 100 students included in the population, no

schools are represented in that category.

TABLE III

NUMBER AND PER CENT OF SCHOOLS RETURNING USABLE
FORMS CATEGORIZED BY SIZE OF SCHOOL

Enrellment Number of Schoels Per Cent of
Categories Responding Total Responses

Less than 100 ' 0 0

160 =~ 499 | 6 12

500 = 999 16 32

1000 - 1499 14 ' 28

1500 - 1999 8 16

2000 and over S | 12

Total ’ : 50 ’ 80

Distribution of Schools by Secieo-econemic Status

Five socio-economic categories were determined frem Havighurst

‘and Neugarten's.five-point scale of seocio-economic status,5
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Principals were asked to check the category which best described the
soclo-economic status of the students in their scheols., Table IV
exhibits a distribution of schools by socio-economic status as checked
by principals. No schools respending had student bedies categorized

in the upper socle-economic status.

TABLE IV

NUMBER AND PER CENT OF SCHOOLS INCLUDED IN THE INVESTIGATION
ACCORDING TO SOCIO~-ECONOMIC STATUS AS CHECKED BY PRINCIPALS

Secioe-econoemic Number of Per Cent of
Status Schools Schools
Upper | 0) 0
| Upper - middle | 16 32
Lower - middle 20 LO
Upper - loewer 10 20
Lower ~ lower L 8
Total 50 160

Responses of Teachers to Questionnaires

Twe hundred thirty-nine teachers were ﬁailed questionnaires.
The number of teachers returning usable questionnaires was 182 (76.2%).
Two teachers returned forms in which impertant entries were not com-

pleted; therefore, the forms were discarded, Number and per cent of
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teachers returning usable questionnaires are shown in Table V. The
number of teachers from the Piedmont region returning usable forms
was greater than the number of usable returns from the other two

regions combined,

TABLE V

NUMBER AND PER CENT OF TEACHERS RETURNING USABLE
QUESTIONNAIRES BY GEOGRAPHICAL REGIONS

Number of Number of Per Cent of
Teachers ‘Teachers Teachers
Included in Returning Usable Returning Usable
Regioen Sample Questionnaires Questiennaires
Coastal Plain 61 40 65.6
Piedmont oA 112 80.0
Mountain 37 30 81.0

Total 237 162 76.2

Method of Analyzing Data

Since this study is éoncerned with an analysis of the existing
conditiens in selected public high scheels of North'Carolina, gfades
9-12, no elaborate statistical interpretation was made. Hewever, the
nature of the data on two questions was such that a chi-square test
could be uséd. Data related to the other questions were tabulated and |

.calculated by means of IBM calculator and presented in tables in terms
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of numbers and per cent so that significant patterns and relations
could be studied,

As far as possible, data presented from the questionnaire returns
were analyzed in terms of recent findings and recommended admini-
strative and classroom practices for outstanding students, as compiled
from related literature. There are schools across the country that
have experimented with and have found successful practices for pro-
viding for the outstanding students of mathematics. These practices
were useful in an overall analysis of the provisions which were being
used for outstanding mathematics students in Nerth Carolina.

Analyses were made in terms of geographical regiens, school
sizes, academic preparation of teachers, and socio-economic status
of schools, Recommendations for improving the educational practices
for outstanding students were made on the basis of findings presented

in the review of related literature,
Summary

The purpese of this chapter has been.to give a general descrip~
tion of the design of the study, Major areas discussed were selection
of schools and teachers, collection of data, scope and validity of the
study, and method of analyzing data,

The initial sample included 25 per cent of the public high
schools in North Carolina.which enrolled students in grades 9-~12 or
10=12, exclusively. Eighty per cent of the principals supplying data
for Part I of the questionnaires returned usable forms; seventy-six
and two-tenths per cent of the mathematics teachers supplying data

for Part IT returned usable forms., These teachers taught at least
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two classes in mathematics.,

The tentative questionnaire was constructed by the author, with
suggestions from mathematics teachers, mathematics supervisors,
principals, and college teachers, The final questionnaire was con-
structed from the tentative gquestionnaire by adding and deleting items
that members consulted felt were or were not necessary. Before the
guestionnaire was mailed to teachers and principals, it was approved
by the author's dectoral committee.

Some of the mest notable facts about the responses were:

1. The largest number of schools and teachers furnishing data

for this investigation was in the enreollment category of
500-999 students.

2. The number of schools and teachers from the Piedmont fur-
nishing data fer this investigation was greater than the
total number frem the other two geographical regions ==
Coastal Plain and Mountain,

3, There were no schools included in this investigation with
fewer than 100 students enrolled; no such schools were in-
cluded in the populatioen.

L., No schools responding had student bodies categorized in the
upper seoclo-ecenemic status.

In the next chapter a presentatien of the findings secured frem

the questieonnaires submitted te the selected principals and teachers

will be given.
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CHAPTER IV
PRESENTATION OF FINDINGS

The concefn of the first three chapters has been a general intro-
duction to the sfudy, an extensive review of related literature, and
a discussion of the design of the study. Included in Chapter Iliwas
a discussioen of the responses from principals and teachers,

In this chapter a presentation of the findings from the question-
naire returns will be made. The results will be grouped into six
major sections. The first three sections will exhibit data on the
extent of previsioens, the identification of classroom metheds, and
the identification of administrative methods of providihg;fq? out -
standing mathematics students. The fourth section will %é'&gvoted
’vto'findingé oh factors that limit or prevent the use of these;methods.:
In sectien five, data cencerning teachers' academic preparétion will
be presented, The relatienship between the total profi§ions and such
factors as schoel size, socio~econemic status of scheols, and adminis-
trative policy of schools will be shown in the last section.
Throughout this chapter the expressien "regular use of" a methed will
mean phat the method was reported as being used "all the time" or

"frequently".
Extent of Provisions

Administrative Provisions

46
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Data from the questionnaire completedvby principals indicated
that all schools were making some administrative provisiens for out-
standing mathematics students, but these metheds varied frem school
to scheol, Additional cemments written on the questiennaire indicated
that the principals were interested in, as well as enthusiastic about,
providing pregrams feor the special needs of outstanding mathematics
students,

The most common administrative metheds used to provide for out-
standing mathematics students were ability grouping and special
counseling. Forty-two (84%) of the fifty principals responding in
khis:investigation indicated that ability grouping was practiced reg-
ularly in their schoels., Thirty-nine (78%) of the principals indi-
cated that special counseling was used in their schools,

The least frequently checked of the administrative methods listed
in the questionnaire were mathematics contests among schools and field
trips., Both methqu were used regularly in only eight (16%) of the.
scheels surveyed in this. investigation. Other metheds used were
mathematics centests within schoels, mathematics contests among
schools, special coaching, mathematics clubs, and oppertunities teo
pursue courses not offered within the high scheols. These methods
were very infrequently employed in scheels contacted.

A1l of the schools supplying data for this investigation pro-
vided the traditional segquence of high school mathematics courses:
general mathematics,valgebra I, algebra II; and geometry. In additien
to these courses, over 50 per cent of the schools effered courses in
trigonometry and advanced mathematics. A very few schools offered

courses in algebra III, functiens, analytic geometry and calculus,
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and modern geometry, Statistical treatment of data concerning courses

offered is presented in Table VI,

TABLE VI

NUMBER AND PER CENT OF SCHOOLS IN WHICH SPECIFIC
MATHEMATICS COURSES ARE OFFERED WITHIN THE SCHOOL

Numbers of Schools Per Cent of
Name of Offering Course Schools Offering
Course (N = 50) Course
Algebra I 50 100.0
Algebra IT 50 100.0
Plane Geometry ‘ ‘50 100.0
. General Mathematics 50 100.0
¢#* Advanced Mathematics 35 70.0
- Trigonometry 35 70.0
-Modern Mathematics 20 40,0
Analytic Geometry
and Calculus 9 18,0
Algebra IIT 5 -10.,0
Modern Geometry 5 10,0
Functions L 8.0
Analysis 2 4.0
Number Theory 1 2,0
Statistics- 1 2.0

Classroom Provisions

Most of the 182 teachers includeéd in this study indicated that
they feel a sense of obligaﬁion to make provisions within the class-
room for the outstanding student. Noteworthy enthusiasm and interest
were revealed by the comments they made on the questionnaire returns.

The most widely used classroom method marked on the gquestionnaire
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was that of enrichment through encouragement of outstanding students
to do supplementary problems, Seventy-seven per cent of the 182

v teachers indicated that this method was used regularly. Moreover,
74 per cent of the teachers regularly used the method of allowing

- outstanding mathematics students to exhibit solutions to special |
problems. |

The least commonly marked classreom methods were those of re-
quiring outstanding students to do special projects and assigning stu-
dents supplementary problems from sources other than regular texts,
Both methods- were ueed regulariy by 43.3 per cent of the teachers.

Other classroom methods that could be readily classified were
assignment of supplementary problems from regular texts; encourage—
ment'of outstanding studente to do free reading,'end use of outstand-
ing students to_help coach other students and to help in teaching.
Classroom methode, like administrative methods, varied greatly from
teacher to teacher and from school system to echool system,

‘A nuﬁber of additional methods were mentioned by some teachers,
which further indicated the extent to which provisions were being
made, These methods were based upon individual student needs and
were difficult to classify., At least two teachers mentioned special
arrangement,of the classes to provide for independent study groups.
Several teaehers permitted outstanding mathematics students to travel
at their own pace, thus enabling some students to cover algebra I,
algebra II, and geometry in two years. Still another teacher per-
mitted one student, enrolled in advanced math, to study analytic |

geometry and calculus under his supervision,

~
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Methods of Providing for Outstanding Students

In the preceding section a discussion of the extent of provisions
for outstanding students was presented, An individual treatment of
each of the methods which could be classified will be given in the

following paragraphs.

Administrative Methods

Generally, North Carolina has no special»stateawide policy of
providing for outstanding students of mathematics, but local systems
are encouraged to formulate their own policies in this regard. The
state board of education also encourages experimentation and allows
considerable latitude in the development of curricular programs.
Where little or no provisions are made for outstanding'students, the
state control has not been a restricting factor,l

Ability grouping. Ability grouping is a method of classifying

pupils into homogeneous sections, generally with reference to intelli-
gence, for the purpose of instruction,? Forty-two principals (84L%)
indicated that ability grouping was generally practiced in their
schools, Six principals indicated that, even though ability grouping
‘was practiced, it was ﬁot practiced in mathematics all the time.
The number of students enrolling in mathematics courses determined
wﬁether or not ability grouping was used in these schools. These
were commonly‘small schools.

There was notable variation in the criteria used for ability
grouping, In most of the forty-two schools in which ability grouping
was practiced, a combination of several criteria was used to select

studehts, No school used I. Q, along; however, in seven (14.28%) of
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the forty-two schools practicing ability grouping, only previous
grades were used. Table VII exhibits the number and per cent of

schools in which various criteria were used.

TABLE VII

NUMBER AND PER CENT OF SCHOOLS IN WHICH VARIOUS CRITERION
MEASURES ARE USED AS A BASTIS FOR ABILITY GROUPING

Number of Schools Per Cent of

in Which Schools
Criterion in Which
was Used Criterion
Criterion (N = 42) was Used
A, Single measure: L
Previous Grades , 32 76,0
Achievement Test 30 71,0
TIntelligence Quotient 2L 57.0
Reading Ability 18 41.0
Teacher Recommendation 12 30.0
SAT Score ' 3 7.0
Aptitude Test 2 5.0
B. Combinations:
One 7 16.6
Two 8 20,0
Three 6 14.3
Four or More 21 50,0

. Special Classes., Classes especially designed to provide for

outstanding students are being used in North Carolina, although not
as extensively as the practice of ability grouping. Eleven principals
(22%) reported the use of ability grouping in their schools, but re-

ported that they fail to provide special classes in mathematics,
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There were also four principals reporting the use of special classes,
although, in general, ability grouping was not practiced.

Twenty-two (70%) of the thirty-two principals reporting the use
of special classes to provide for outstanding mathematics students in
their schools, indicated that special classes were smaller in enroll-
ment than regular classéé; six principals (16,6%) indicated that
special classes and regular classes were the same Size in enrollment;
two principals (6.2%) indicated that ﬂhe enrollment of special
classes was larger than that of the regular classes.,

The nature of the work done in special classes varied from school
to school. Four principals (12.5%) indicated that the special classes
covered the same units as regular classes with a faster pace. In
eight (25%) of the schools using special classes, the course of study
followed was entirely different from that of the fegular classes,
Table VIII exhibits a distribution on the nature of work done in
special classes.

Courses in which special classes were provided ranged from first
year algebra to advanced mathematics, and analytic geometry and calcu~
lus, Special classes were more frequently offered in algebra and
advanced mathematics, Table IX summarizes the courses in which
bspecial classes were provided for outstanding students,

A comparison of Tables VII and IX shows a notable similarity of
the criterion measures used for ability grouping and for special
classes., However, a student's‘expressed interest was not used as a
qriterion measure for ability grouping but was‘used for special

classes,
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TABLE VIIT

NUMBER AND PER CENT OF SCHOOLS IN WHICH SPECIAL CLASSES
WERE PROVIDED FOR OUTSTANDING MATHEMATICS STUDENTS
ON THE BASIS OF THE NATURE OF WORK COVERED

Number of Per Cent of

Schools Following Schools Following
Nature of Course of Study Course
Work Covered (N = 32) of Study

Covers same units but

with more depth 10 31.3
Covers same units but

with added materials

in each unit 10 31.3
Follows a course of

study that is entirely

different from regular

classes 8 25,0
Covers same units with

a faster pace L 12.4

Criteria for selecting students for special classes varied
markedly. Most schools, however, used several criteria. Of the
thirty-two principals reporting the use of special ciasses, twenty-
seven (85.7%) indicated that several criteria were used in their
schools. A summary of th¢ use of various criteria used to select

students for special classes i1s shown in Table X,
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NUMBER AND PER CENT OF SCHOOLS IN WHICH SPECIAL CLASSES
WERE PROVIDED IN SPECIFIC MATHEMATICS COURSES

Number - of "~
Schools
Offering Per Cent of
Special Class Schools Offering
-Name of Course (N = 32) Special Class
Advanced Mathematics 1 43.3
Algebra and Trigonometry 14 43.3
Mgebra II 12 37.5
Algebra I 10 31.2
Analytic Geometry
and Calculus 9 28.1
Plane Geometry 8 25.0
Functions L 12.5
Analysis _ 2 6.3
Solid Geometry 2 6.3
College Algebra 2 6.3
Foundations 1 3.1
Statistics 1 3.1
Theory of Numbers 1 3.1

Scheduling special work with teachers.

Another administrative

‘method of providing for outstanding mathematics students is to permit

them to study on their own under the supervision of mathematics

teachers, This method is particularly useful in schools where there

are not enough students to offer a formal course, Twenty-nine (58%)

of the fifty principéls reported that the scheduling of outstanding

students to work under the supervision of mathematics teachers was

practiced regularly. Table XI shows a summary of the findings con-

cerning this method.

Coaching gfoups. Coaching groups are groups of teachers used
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NUMBER AND PER CENT OF SCHOOLS IN WHICH VARIOUS CRITERION
MEASURES WERE USED AS A BASIS FOR SELECTING

STUDENTS FOR SPECIAL CLASSES

Number of Per Cent of
Schools in Schools -
Which Criterion - in Which
is Used Criterion
Criterion (N = 32) is Used
A, Single Measure
Previous Mathematics Grades 25 78.1
Students! Expressed Interest 25 78.1
Recommendation of Mathematics
Teachers ’ 22 70.0
Achievement Test Scores 20 62.5
Intelligence Quotient 14 43.7
A1l Previous Grades 5 15.6
Recommendation of All Teachers 5 15.6
Parents' Request ' 5 15,6
Other (SAT Score) 2 6.2
B. Combinations ‘

One 0 0.0
Two 5 15,6
Three 6 15,6
Four or more 21 50,0

TABLE XTI

NUMBER AND PER CENT OF SCHOOLS HAVING SPECIFIC POLICIES
OF SCHEDULING OUTSTANDING STUDENTS TO WORK UNDER

SPECTAL, SUPERVISION OF MATHEMATICS TEACHERS

Number of
Schools Following Per Cent
‘ . Policy of Schools
Policy (N = 50) Following Policy
Never Done 15 30
Scheduled Only Outside of
Regular Class Periods 14 28
Scheduled Only During Teachers!
Non-teaching Period 12 24
Scheduled During Any Period 9 18
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to tutor individual studenfs in a subject or area for the purpose of
accomblishing some specific objective,3 These groups are sometimes
used in situations in which the number of sfudents is not large enough
“to have a formal class. Provisions were made for special coaching of
outstanding mathematics students in twenty-one (42%) of the schools
contacted in this investigation. Nine (43%) of the 21 schools identi-
fied preparation for college entrance examinations aé‘being_the major
purpose for providing such activities., A distribution of schools that
had speéial coaching groups is shown in Table XII on the basis of the

purpose of providing such activities.

TABLE XII

NUMBER AND PER CENT OF SCHOOLS IN WHICH COACHING GROUPS
WERE PROVIDED ON THE BASES OF PURPOSES OF
PROVIDING SUCH ACTIVITIES

Number of Schools

Providing Per Cent of

: Coaching Groups Schools Providing

Purpose , (N =21) Coaching Groups
College Entrance Exams 9 43.0
Preparation for College L 19.0
Further Depth and

Comprehension 3 17.6

Various Contests 3 17.6
Achievement Test 2 9.5

Principals of seven (14%) of the schools where coaching groups

were used reported that the assignment of special coaching of

R
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outstanding students was considered a part of the regular teaching
load. No schools indicated that teachers received special pay for
such work,

Courses offered outside the high school. Sometime students re-

quest courses not offered in their schools or courses beyond the high
school level., Nineteen principals (38%) indicated that provisions
were made for outstanding mathematics students to take courses not
included in the school curriculum; A summary of the ways in which
opportunities are provided for outstanding students to pursue courses
not offered ﬁithin the high school is given in Table XIIT., The
Govenor's schobl-is a state operated school established to accommodate

a limited number of outstanding students,

TABLE XTIT

NUMBER AND PER CENT OF SCHOOLS IN WHICH OPPORTUNITIES
ARE PROVIDED FOR BEYOND SCHOCL
CLASSES IN VARIOUS WAYS

Number of
Schools Providing Per Cent of
How Opportunity ' Opportunity Schools Providing
is Provided (N = 19) ' Opportunity
Enrollment in Courses at Co
Nearby Colleges 8 42,0
Independent Study 4 - 21,0
Governor's School 3 15.8
Enrollment in Correspondence
Courses 2 10,6
Other Schools in System 2 10.6 N
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Mathematics clubs. A mathematics club is an organized group of

individuals, haviﬁg a somewhat homogeneous level of interest and .
ability in mathematics, who meet periodically to discuss mathematical
topics,h The use of mathematics.clubs as a means of providingvfor
outsfanding mathematics students was reportedly used regularly by
fourteen (28%) of the schools supplying data in this investigation,
The term "regular', it should be remembered, means "all the time" or
"frequently”, responses indicateavon the questionnaire. Statistics

concerning the use of mathematics clubs are summarized in Table XIV.

TABLE XTIV

NUMBER AND PER CENT OF SCHOOLS IN WHICH SPECIFIED
FREQUENCIES OF USE OF MATHEMATICS
CLUBS ARE REPORTED

Number of

Schools Using Per Cent of
Frequency of Method Schools Using
Use of Method (N = 50) Method
All the time ’ L 8
Frequently _ 10 20
Rarely 11 22
Never 25 50

Mathematics contests within school., Mathematics contests within

schools are types of organized competition spensored by teachers in

the schools,5 Fifteen principals (30%) reported the regular use of
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mathematics contests within schools. Table XV shows a summary of the

frequency of use of mathematics contests within schools.

TABLE XV

NUMBER AND PER CENT OF SCHOOLS IN WHICH SPECIFIED
FREQUENCIES OF THE USE OF MATHEMATICS
CONTESTS WITHIN SCHOOLS ARE REPORTED

Number of
Frequency Schools - Per Cent of
of Use (N = 50) Schools
All the time 8 16.0
Frequently _ 7 ' 14.0
Rarely C11 - 22.0
Never 24 48.0

Mathematics contests among schools. The use of mathematics con-

tests among schools, types of organized competition in mathematics
locally or nationally, was pracﬁiced regulariy in eight (16%)‘of the
schéols surveyed in this investigation. A summafy of the frequencies
of use of mathematics contests amoﬁg schools‘is.presented in Table XVI.

Field trips. A field trip is one arranged by a teacher or other
6

‘school official which is undertaken for educational purposes. Such
trips may be taken to ¢olleges, to industrial sites, to computer cen-
ters, etc, Field trips, the last of the administrative methods which

‘were included in the questionnaire, were used regularly by only eight
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TABLE XVI

NUMBER AND PER CENT OF SCHOOLS IN WHICH SPECIFIED
FREQUENCIES OF THE USE OF MATHEMATICS
CONTESTS AMONG SCHOOLS WERE REPORTED

Number of
Frequency Schools : Per Cent of
of Use , (N = 50) Schools
All the time ’ ' 1 2.0
Frequently 7 14.0
Rarely 16 32.0
Never 27 54.0
TABLE XVIT

NUMBER AND PER CENT OF SCHOOLS IN WHICH SPECIFIED
' FREQUENCIES OF THE USE OF FIELD TRIPS
FOR MATHEMATICS STUDENTS
WERE REPORTED

o Number of
Frequency Schools ‘Per Cent of
of Use : (N.= 50) ' Schools
A1l the time 0 | 0.0
Frequently 8 16.0
Rarely , 28 56.0

Never 17 34.0
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(16%) of the fifty schools furnishing data for this study. A summary
of the statistics concerning the frequencies of use of field trips is

presented in Table XVII,

Classroom Methods

Methods involving special assignments, Teachers supplying data

for this investigation were requested to indicate the frequency with
which théy used various types of special assignments., Responses re-
vealed that these activities were provided by either encouraging out=
standing students to do supplementary problems according to interest
~and ability, or by assigning them supplementary problems from regular
texts or other sources, One hundred forty teachers (77%) reported the
regular~use of the encouragement of outstanding mathematics students
to do_supplementary problems. ‘A summary of the frequency of use of
the policy of encouraglng outstanding students to do supplementary

problems according to interest and ability is exhibited in Table XVIII

TABLE XVIII

NUMBER AND PER CENT OF TEACHERS' FREQUENCY OF ENCOURAGING
“ OUTSTANDING STUDENTS TO DO SUPPLEMENTARY PROBLEMS
ACCORDING TO INTEREST AND ABILITY

~ Number of
Frequency ( Teachers ' Per Cent of
of Use (N = 182) Teachers
A1l the time ' L0 2.0
Frequently 100 55.0
Rarely . 35 19.0

Never 7 4.0
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Tables XIX and XX summarize the frequency with which the teachers
used the policy of assigning supplementary problems from regular'texts
and the frequency with which they used the policy of assigning supple~

mentary problems from sources other than regular texts, respectively.

TABLE XIX

NUMBER AND PER CENT OF TEACHERS' FREQUENCY OF ASSIGNING
SPECTAL PROBLEMS FROM REGULAR-TEXTS
ACCORDING TO INTEREST AND ABILITY

Number of
Freguency , . Teachers Per Cent of
of Use (N = 182) - Teachers
All the time 29 | 15.9
Frequently | 98 | 53.3
~ Rarely L8 -27.2

Never V 7 A 3.6

Sgpplementary reading. Another means of making special pro-

visions for outstanding mathematics étudenﬁs is that of supplementarj
reading. Supplementary reading, for the purpose of this study, is
defined as reading used for the purpose of enrichiﬁg the materials of
instructien, Such reading may be done freely or may be required by
‘the teacher. Both methods reportedly were used by teachers supplying
data for this study.

One hundred ten (61.4%) of the mathematics teachers in the study
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TABLE XX

NUMBER AND PER CENT OF TEACHERS' FREQUENCY OF ASSIGNING
SPECIAL PROBLEMS ACCORDING TO INTEREST AND ABILITY
' FROM SOURCES OTHER THAN REGULAR TEXTS

v Number of
Frequency Teachers Per Cent of
of Use (N = 182) Teachers
A1l the time 22 12.0
Frequently 57 31.3
Rarely 75 41,7
Never 28 15.0

regularly encouraged outstanding students to do free reading outside
class; seventy-nine (43.3%) assigned outstanding students supple-

’ f .
mentary reading.' Tables XXI and XXII summarize the frequency of use
of the policy of encouraging outstanding students to do free reading
and the frequency of use of the policy of assigning them supplementary
.reading, respectively. |

Teaching and demonstration. Permitting outstanding students to

help in teaching mathematical concepts, in coaching 6ther students,
and in performing demonstrations are other means of providing for
outstanding mathematics students in the classroom. Classroom coaching
differs from that of administrative coaching in that the former is
done by students, whereas the latter is done by teachers,

The pelicy of permitting outstanding mathematics students to

help in teaching was followed regularly by 126 (79.1%) of the teachers
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TABLE XXI

NUMBER AND PER CENT OF TEACHERS' FREQUENCY OF ENCOURAGING
OUTSTANDING STUDENTS TO DO FREE READING OUTSIDE OF CLASS

Number of

Frequency Teachers Per Cent of

of Use (N = 182) Teachers
All the time - 34 13.6
Frequently 76 L2.8
Rarely L9 26,5
Never 23 12.1

TABLE XXII

NUMBER AND: PER CENT OF TEACHERS' FREQUENCY OF ASSIGNING

OUTSTANDING STUDENTS SUPPLEMENTARY READING

Number of
Frequency Teachers Per Cent of
of Use (N = 182) , Teachers
A1l the time 22 12.0
Frequently 57 31.3
Rarely 75 v 41,7
Never 28 : 15,0

reporting; one hundred twenty-three (67.4%) of the teachers regularly

permitted these students to coach other students. Another method,
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that of permitting outstanding students to exhibit solutions of
special problems, was used regularly by 136 (7L.6%) of the teachers,
Summaries of the data pertaining to these methods are presented in

Tables XXIII, XXIV, and XXV.

TABLE XXITI

NUMBER AND PER CENT OF TEACHERS' FREQUENCY OF PERMITTING
OUTSTANDING STUDENTS TO HELP TEACH AND DO DEMONSTRATIONS

Number of
Frequency ' Teachers Per Cent of
of Use : (N =182) ‘Teachers
A1l the time 34 18.6
Frequently R 50.5
Rarely 38 ‘ 20,9
Never ‘ 18 - 10.0
TABLE XXTV

NUMBER AND PER CENT OF TEACHERS!' FREQUENCY OF PERMITTING
OUTSTANDING STUDENTS TO COACH OTHER STUDENTS

Number of
Frequency Teachers Per Cent of
of Use (N = 182) Teachers
All the time ’ 34 18,6
Frequently 89 L18.8
Rarely L8 25.3

Never : 1) 7.3
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TABLE XXV

NUMBER AND PER CENT OF TEACHERS' FREQUENCY OF PERMITTING
OUTSTANDING STUDENTS TO EXHIBIT SOLUTIONS
OF SPECTAL PROBLEMS

~ Number of
Frequency Teachers Per Cent of
of Use (N = 182) Teachers
All the time L 24.1
Frequently 92 . 50.5
Rarely 27 15,0
Never , 19 10.4

Special projects. A fourth means of providing for outstanding

students in the classroom in to encourage or require them to construct
special projects. A project ié defined as a significant, practical
unit of activity having educational value and aimed at one or more
definite goals of understanding. Projects usuallyAinvolve investi-
gatiions and solutions to problemSvand.manipulations of physical
materials.é‘

Foftyaone (22.7%) of the teachers contacted in tﬁis study indi-
cated that they regularly use special projects. Statistical treat-
ment of the data concerning the assignment of special projects is

shown in Table XXVI.
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TABLE XXVI

NUMBER AND PER CENT OF TEACHERS' FREQUENCY OF REQUIRING
OUTSTANDING STUDENTS TO CONSTRUCT SPECIAL PROJECTS

Number of
Frequency Teachers Per Cent of
of Use (N = 182) Teachers
A1l the time 7 4.0
Frequently . 34 18.7
Rarely 89 48,7
 Never 52 28.6

Limiting Factors

Administrative Factors

A number of factors limiting or préventing the use of adminis~
trative methods of providing for outstanding mathematics students
were checked by principals, The major types of factors mentioned
showed iittle variation from school to scthl.

The‘fifty principals responding to the questionnaire were asked
to check the frquency of a list of factors that limited or prevented
the use of foﬁr specific methods of providing for outstanding mathe-
matics students, Therefore, each factor limiting or.pfeventing the
use of the four administrative methods disdussed above could have
been checked a maximum of 200 times.

Lack of teacher time was checked more frequently as limiting or

preventing the use of the administrative methods of providing for
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outstanding mathematics students. Lack of teacher time as a limiting
or preventing factor in the use of various methods of making provisions
for outstanding students of mathematics was checked by.principals
eighty-three times (41.5%). Table XXVII shoﬁs number and pe£ cent of
times factors were checked as limiting or preventing the regular ﬁse

of methods,

TABLE XXVIT

NUMBER AND PER CENT OF COMMON FACTORS LIMITING OR PREVENTING
THE USE OF ADMINTSTRATIVE METHODS OF PROVIDING
FOR OUTSTANDING MATHEMATICS STUDENTS

Total Number

of Times Per Cent of
, Ment ioned Times

Limiting Factor (N = 200) Ment ioned
Lack of Teacher Time 83 41,5
Lack of Teacher Interest L5 2245
Lack of Student Time L1 20.5
Lack of Student Interest 37 18,5
No such Opportunity Exists 40 20.0
Other ' 9 b5

Classroom Limiting Factors

The 182 teachers responding to the nine classroom methods were

asked to check the frequency of a list of factors that limited or
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pre#ented the use of these methods. There were 1638 cases in which
any specific factor could have been checked, Lack of teacher time
was. the most widely checked factor; it was indicated 986 times (60%).,
A summary of common factors limiting or preventing the use of class-
room methods of providing for outstanding mathematics students dis-

cussed in the preceding section is presented in Table XXVIIT,

TABLE XXVIIT

NUMBER AND PER CENT OF COMMON FACTORS LIMITING OR
PREVENTING THE USE OF CLASSROOM METHODS FOR
OUTSTANDING MATHEMATICS STUDENTS

-Total Number

of Times Per Cent
, Mentioned of Times
Limiting Factor (N = 1638) Mentioned
Lack of .Teacher Time ’ 986 60,0
Lack of Student Time 915 56.0
Lack of Student Interest 668 L0.8
Lack of Supplementary
Materials 543 33.2
Lack of Teacher Interest 164 10.0

Other (Administrative Problems,
Lack of Opportunity) 147 9.0
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Relationship Between Programs for Qutstanding

Students and Academic Preparation of Teachers

Academic.Preparation of Mathematics Teachers

Statistical treatment of the data resulted in the following major
findings relative to academic preparation of mathematics teachers.
A1l teachers reporting had at least a bachelor's degree and sixty-one
teachers (31%) also had master's degrees. One hundred twenty-eight
teachers (70%) earned their bachelor's degrees.witﬁ majors in mathe-
matics, Of the teachers who had earned master's degrees, however,
only eighteen (29.5%) had a graduate major in mathematics, Tables
XXTX and XXX summarize the areas. in which baccalaureate majofs and
minors were received, Similarly, Tables XXX and XXI summarize the

majors and minors in which master's degrees were earned.

TABLE XXIX

NUMBER AND PER CENT OF MAJORS IN BACCALAUREATE

DEGREES RECEIVED BY. MATHEMATICS TEACHERS

Number of Per Cent of

Teachers Majoring Teachers

in Area ‘Majoring

Major Areas (N = 182) in Area
Mathematics . 128 70.4
General Science ’ 20 10,9
Education 12 6.5
Social Science 5 2.8
Business and Economics 5 2.8
English 5 2.8
Biology and Chemistry 3 1.6
Physics 2 1.1
Physical Education 2 1.1




71

TABLE XXX

NUMBER AND PER CENT OF MINORS IN BACCALAUREATE
DEGREES RECEIVED BY MATHEMATICS TEACHERS

Number of Per Cent of

Teachers Minoring Teachers

in Area Minoring

Minor Area (N = 182) in Area
Mathematics 37 20.3
Education 32 16.5
Social Science 25 13.3
General Science ©22 12.2
English 8 L.b
Foreign Language 8 L.
Physics 5 2,9
Biology and Chemistry L 2,2
Business and Economics L 2.2
No Minor 32 16.4

TABLE XXXT

NUMBER AND PER CENT OF MAJORS IN MASTERS! DEGREES
RECEIVED BY MATHEMATICS TEACHERS

Number

Ma jor Area (N = 61) Per Cent
Education 22 36.1
Mathematics 18 29.5
Social Science 5 8,1
General Science 5 8.1
Statistics : 2 3.3
Other Areas

(Business, English) 9 14,7
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TABLE XXXIT

NUMBER AND PER CENT OF MINORS IN MASTERS' DEGREES
RECEIVED BY MATHEMATICS TEACHERS

Number
- Minor Area (N = 182) Per Cent
Mathematics 22 36.1
Education 15 24,6
General Science 10 16.3
Social Science 5 8,2
Other Areas L 6.6
None 5 8.2

The total graduate and undergraduate credits earned in mathe=
matics by teachers contacted in this investigation ranged from seven
to ninety=four semester hours, with a mean of 37.3 semester hours.

In order to facilitate the analysis of the data concerning the aca-

demic preparation of teachers, it was convenient to classify these

data into four categories based upon CUPM recommendations, (See

page 27 .) It should be noted that Category I here is not the

same as Category I which relates . to elementary teachers in CUPM re.

commendations., A description of the categories follows:

Category I: Teachers who have earned less than 18 hours in mathe-
matics courses and teachers who cannot be categorized
on Level II, IIT, or IV because of diversity of courses
completed,

Category II: Teachers who have completed at least 18 semester hours
in areas of mathematics as specified: 9 in analysis,
3 in algebra, 3 in geometry, and 3 in probability and
statistics, Teachers in this category do not qualify

for higher categories.

Category III: Teachers who have a major in mathematics and a minor
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in some related area, and who have completed at least
33 hours in areas of mathematics as specified: 9 in
analysis, 6 in algebra, 6 in geometry, 6 in probability
and statistics, 6 electives in real or complex vari-
ables, foundations of mathematics, and functional
analysis, These teachers do not qualify for. a higher
category.

Teachers who have masters' degrees with at least 54
semester hours (graduate and undergraduate) in specific
areas of mathematics or comparable areas as follows:

12 in analysis, 6 in algebra, 9 in geometry, 6 in
probability and statisties, and 21 in such areas as

real variables, computer science, number theory, to-

pology, foundations of mathematics, modern algebra, and

“numerical analysis.

A summary of the academic categories completed by the teachers sur-

veyed in this investigation is shown in Table XXXIIT,

TABLE XXXTITT

NUMBER AND PER CENT OF MATHEMATICS TEACHERS WHO MEET
SPECIFIED PREPARATION CATEGORIES IN MATHEMATICS

Number of
Preparation Teachers Per Cent of
Category (N = 182) Teachers
1 39 21.4
11 71 39.1
1T 53 29.1
Iv 19 10.4
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Recency of Academic Preparation of Mathematics Teachers

Years in which the baccalaureate degrees had been obtained by
mathematics teachers surveyed in this investigation ranged from 1932
to 1968, Ninety-three teachers (51%) had received their baccalaureate
degrees since 1957. This is significant in that the greatest impétus
-has been given to mathematics since thatidate, when Russia launched
Sputnik I, Number and per cent of béccalaureate degrees obtained in
specific time periods are exhibited in Table XXXTV,

Dates of ﬁaters' degrees earned by mathematics teachers included
in this. investigation ranged from 1937 to 1968, Thirfyneight teachers
(62.5%) who had earned masters' degrees received them since l§57.
Table XXXV presents number and per cent of masters' degrees received

in selected time periods.

TABLE XXXIV

NUMBER AND PER CENT OF BACCALAUREATE DEGREES OBTAINED BY
. MATHEMATICS TEACHERS IN SPECIFIC TIME PERIODS

Number of Per Cent of
Teachers Earning Teachers

Period Degree Degree in Period Earning Degree
Was Earned (N =182) in Period
Before 1938 29 15,6
Between 1938-1947 22 12.0
Between 19481957 38 21.0
Between 1958-1967 77 L2.h
After 1967 16 9.0
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TABLE XXXV

NUMBER AND PER CENT OF MASTERS' DEGREES OBTAINED BY
MATHEMATICS TEACHERS IN SPECIFIC TIME PERIODS

Number of
Teachers Earning Per Cent of
Period Degree ' Degree in Period Teachers Earning
Was Earned (N-= 61) Degree in Period
Before 1938 2 3.2
Between 1938-19.7 : 2 3.2
Between 19,8-1957 19 31,1
Between 1958-1967 30 L9.1
After 1967 ‘ 8 13.4

One hundred sixty-two (89%) of the 182 teachers providing data
had earned some credit in mathematics courses since 1958, The methods
of obtaining this credit were by enrolling in college and university
courses, by attending seminars, or by in-service training. Table
>XXXVI shows the number and per cent of teachers receiving most recent

training in specific periods,

TABLE XXXVT

NUMBER AND PER CENT OF TEACHERS RECEIVING MOST RECENT
S TRAINING IN SPECIFIC TIME PERIQDS

Number of
Period in Which Teachers Earning . Per Cent of

Most Recent Credit. in Period Teachers Farning
Credit Was Farned (N = 182) Credit in Period
Before 1953 10 5.4
Between 1953=1957 12 6,6
Between 1958-1962 3L 18.7
Between 1963=1967 92 50,6
After 1967 : 34 18.7
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Relationship Between the Training of Teachers and
ProgramSvfor Qutstanding Mathematics Students

An analysis of the percentage distribution of the data on admine-
istrative, classroom; and curricular provisions for outstanding stu—
dents showed the following: The number of administrative provisions
for outstanding mathematics students in each school ranged from one
to nine, with an average of three and four-tenths methods. The number
of classroom methods ranged from three to nine, with an average of
sixband five-~tenths methods. The total administrative and classroom>
provisions in each school ranged from four to eighteen; the average
number of total provisions (classroom and administrative)‘was nine
and eight-tenths methods., |

Schools included in the study offered avsequence of courses
ranging from general méthematics through analytic geometry., The
average program consisted of general mathematics through advanced
mathematics, Teachers of mathematics courses had earned average
credit of 37.3 semester hours in mathematics.

In order to study the relationship between the methods of pro-
viding for outstanding mathematics students and academic preparation
of mathematics teachefs, it is necessary to define the term "average”
as it relates to the number of provisions made in each school and as
it relates .to the number of credit hours in mathematics earned by
mathematics teachers., A specific aspect of condition related to the
program,wasvconsidered average when it met the appropriate criterion

mentioned below:

1l. -The average number of administrative provisions was 3 -= 4.

2, The average number of classroom provisions was 6 = 7.
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3. The average of the total number of administrative and class-
room provisions was 9 = 10,

4. The sequence of courses ranged from general mathematics to
advanced mathematics,

5. The total number of provisions for outstanding mathematics
students consisted of 9 = 10 administrative and classroom
provisions, and the courses offered ranged from general
mathematics to advanced mathematics,

6. The average number of semester hours in mathematics earned
by mathematics teachers was 37 = 38,

Schools. in which the number of provisions.was éreater than the
averages listed above were classified as "above-average'; in cases
where the numbers were less, the schools were classified as .'below-
average." The same labels were used in classifying the number of
semester hours in mathematics earned by teachers,

An analysis of the data by per cents revealed no identifiable
relationship between the academic preparation of teachers -and the
total number of provisions for outstanding students. Table XXXVIT
shows number and per cent of schools in which average, below=average,
and above-average provisions for outstanding mathematics students are
made with respect to various aspeéts of the mathematics programs in
schools. A chi-square analysis of the relationship between total
provisions in the schools and the academic preparation of mathematics
teachers is presented in Table XXXVIII, A table of critical values

revealed that the calculated value of 5.26 was significant between

.05 and .10,



TABLE XXXVIT

78

NUMBER AND PER CENT OF SCHOOLS IN WHICH AVERAGE, BELOW=~

AVERAGE, AND ABOVE PROVISIONS FOR OUTSTANDING

 MATHEMATICS STUDENTS ARE MADE WITH RESPECT

TO VARTIOUS ASPECTS OF THE

- MATHEMATICS PROGRAMS

Condition of Programs in Schools

Below=Averagei Average Above~Average
Aspect
of the Per Per Per
Program Number | Cent {Number | Cent| Number { Cent
Administrative Provisions
in School 17 34,0 23 L6.,0 10 20,0
Classroom Provisions
in School 12 24,0 9 18,0 29 58.0
Curricular Provisions
in School 10 20.0 27 54,0 13 26,0
Administrative and
Classroom Provisions 14 28,0 17 34,0 19 38,0
-Total Provisions 17 34,0 2L L8,0 S 18.0
Academic Preparation
of Mathematics _
Teachers in School 2L 48,0 8 16.0 18 136,0

TABLE XXXVITT

A CHI-SQUARE. ANALYSIS OF THE RELATIONSHIP BETWEEN TOTAL
PROVISIONS IN SCHOOLS AND ACADEMIC PREPARATION OF

MATHEMATICS TEACHERS

~Academic Preparation

¥

Total Provisions in Schools

of Mathematics Below Above
Teachers Average Average Average
Average or Above-=Average :
(38 sem. hours and above) 2L 38 27
Below=Average -
(37 sem. hours and below) 36 L1 16
Chi=square = 5.26 df = 2. 05 L P L10 .
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Relationship Between Recency of Training
of Mathematics Teachers and Programs ‘for
Qutstanding Mathematics Students

Although all schools had some teachers who had éarned some recent
credit in mathematics courses, an identifiable relationship between
the better~than-average prbgrams for outstanding mathematics students
and the recency of academic preparation of teachers was found to
exist, - Slightly lessvthan eighty-one per cent of the mathematics
teachers. in the schools in which better-than-average provisions wére
being made had received credit in mathematics courses since 1962,
Table XXIX exhibits number and per cent of schools.in which average,
below=average, and above-average programs for outstanding mathematics
students are made as compared to the recency of academic training of
teachers, An above-average pfogram for oubtstanding mathematics stu-
dents is defined in the preceding section., A chi=square analysis of
these data is presented in Table XL. The value of chi-square is sig-

nificant between .01 and .00l.
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TABLE XXXIX

NUMBER AND PER CENT OF SCHOOLS.IN WHICH AVERAGE, BELOW=-
AVERAGE, AND ABOVE-AVERAGE PROVISIONS ARE MADE FOR
OUTSTANDING MATHEMATICS STUDENTS AS COMPARED TO
RECENCY OF ACADEMIC PREPARATION OF
MATHEMATICS TEACHERS

Total Provisions in the Schools
Below--Average | Average Above~Average
(N = 50) (N = 89) (N .= 43)
Peried . Number |Per Cent| Number [Per Cent| Number [Per Cent
in Which of of of of of of
Most Recent Teachers [TeachersTeachersleachersleacherslTeachers
Credit Jin in { in in in in
was Earned Schools [Schools Bchools Schools Schools Schools
Before 1953 7 1,.0 2 2.2 1 2.3
Between 1953-1957 5 10,0 . 6 6.0 2 L6
Between 1958=1962 15 30,0 .} 14 15.7 L 10.0
Between 1963-1967 | 18 36.0 1 50 |56.2 2L, 58.4
After 1967 5 10.0 { 17 20,4 12 24.7
TABLE XL

A CHI-SQUARE ANALYSIS OF THE. RELATIONSHIP BETWEEN TOTAL
PROVISIONS IN SCHOOLS AND RECENCY OF TRAINING: OF
MATHEMATICS TEACHERS

Total Recéncy of Training of Mathematics Teachers
.Provisions i
~in Schools Prior to 1958 1958-1962 Since 1963
Above-Average 3 L 36
Average 8 14 ' 67
Below=Average 12 15 23

Chi-square =  18.15 df = 4 o< e < .00l
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Courses Taught by Mathematics Teachers

A variety of subjects, ranging from modern mathematics to ad-
vanced placement mathematics, were taught by mathematics teachers
included in this investigation. These courses can be classified on
the three levels of high school mathematics sﬁggested by the Committee
on Undergraduate Programs in Mathematics: algebra and geometry only;
other more advanced high school subjeétss such as algebra IIT, trigo-
nometry, and modern mathematics; and advanced placement mathematics,
such as functionss analytic geometry and calculus, statistics, and
advanced mathematics, Where teachers teach courses in more than one
level, thé& are classified according to the highest level subject
taught., Number and per cent of mathematics teachers who teach courses
in specific levels are shown in Table XII, A comparison of the
academic preparation of mathematics teachers who teach on these levels
and the suggesfed recommendations on academic pfeparation Tor those

teaching on these levels will be made in Chapter V.

TABLE XO.T

NUMBER AND PER CENT OF MATHEMATICS TEACHERS WHO
TEACH. COURSES ON. LEVELS RECOMMENDED BY CUPM

Number Teaching Per Cent of
Courses in Teachers
Categories Teaching in
Course Category (N = 182) Categories
Algebra and Geometry | 95 52.1
High School Mathematics "6 3L.2

Advanced Placement B
Mathematics - 25 13.7
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Relationship Between Provisions for Outstanding Mathematics
Sﬁudents and Geographical Regions, School Size, Socio=

Economic Status, and Administrative Policy

No general difference between totafl'provisions for outstanding
mathematics students were found to be rélated to geographical regions,
school size, socio-economic status, or administfative policy. How= -
ever, ability grouping and special classes were found to be related
to school enrollment size; schools providing opportunity for students
to pursue courses beyond high school offering was related to geograph-
“ical regionj Tables XLII, XLIII, and XLIV present the findings con-
cerning the administrative provisions for outstanding mathematics
students on .the basis of school enrollment.size, socio-economic status,
and geographical. region.,

Course offerings were found to be related to school enrollment
size, socio=economic status, and geographical regions. Variety of
course éffefings,were related positively with school enrollment size
and. socio=economic status. The Piedmont region was more identifiable
in providing an extensive curricular progfam for outstanding mathe-
matics students., Tables XLV, XLVI, and XLVII preéent»data concerning
course offerings on the bases of school enrollment size, socio=

economic .status, and geographical region, |

Tables XLVIIT, XLIX, and'L‘exhibit data concerning classroom
provisions on the bases of school enrollment size, socio=econemic
status, and geographical region., No general relaﬁionship between
classroom provisiens, school enrollment size, and socio-economic
status were found to exist; however, the Mountain region had a
noticeably higher freQuency of percentage. in making classroom

provisions for outstanding mathematics students.



TABLE XL.II

NUMBER AND PER CENT OF SCHOOLS BY ENROLLMENT CATEGORIES IN WHICH SPECIFIC
- ADMINISTRATIVE METHODS OF PROVIDING FOR OUTSTANDING
MATHEMATICS STUDENTS ARE USED REGULARLY

School Enrollment Size

100~499 500_999' 1000~1499 1500—1999 2000 & over Total
(N =6) (N = 16) (N = 14) (N = 8) (N =6) (N = 50)
: Per Per Per Per . { Per ' Per
Method Number | Cent | Number | Cent | Number Cent | Number Cent | Number Cent { Number| Cent
Math clubs 0 0.0 6 |37.5 3 21| 4 50,00 2 | 33.3] 14 | 28
Math contests i ' » v o
within schoqls 0 0.0 6 37.5 3 21.4 L S0.0‘ 2 33,3 15 30
Math contests :
among schools 0 0.0 2 6.3 2 14.3 1 12.5 3 50.0 8 16
Field trips 1 16.6 1 12.5 3 27.51 2 25.0 1 16.6 8 16
Ability grouping L |66.7] 12 |75.0] 12 | &.0| & |100.0] 6 |l00.0f 42 | &k
Special classes 2 33;3 8 50,0 | 10 71.4 6 "75.0 5 - 83.3 31 - 62
Special coaching 3 |50.0 6 |37.5] .5 L7k 50.0{ 2 33.3| =21 42
Special counseling - L 66.7 14 8l.3 10 71.4 7 87.5 L - 66.6 _39‘ g
Opportunity to
pursue courses o B
beyond H.S. 2- 133.3 L 25.0 -6 L2.7 3 37.5y 4 | 66.6 19 38

o



NUMBER AND PER CENT OF SCHOOLS BY SOCIO-ECONOMIC STATUS LEVELS IN WHICH

TABLE XLITI

SPECIFIC ADMINISTRATIVE METHODS OF PROVIDING FOR
OUTSTANDING MATHEMATICS- STUDENTS
ARE USED REGULARLY

Socio~Fconomic Status:

Lower-Middle

Lower-Lower | Upper-Lower Upper-Middle Total
(N =14) (N = 10) (N = 20) (N =16) - (N = 50)
Per - Per Per Per Per
Methoed Number Cent | Number Cent Number_ Cent Number Cent Number Cent

Mathematics clubs 1 25.0 3 30.0 5 25.0 - 5 31.3 lL 28.0
Mathematics contests

within schools 1 25.0 3 30.0 6 30,0 5 31.3 15 30.0
‘Mathematics contests . :

among schools 1 25.0 2 20.0 1 5.0 L 25.0 8 16,0
Field Trips 1 25.0 1 10.0 2 10.0 L 25.0 8 16.0
Ability Grouping 2 50.0 9 90.0 15 75.0 16 100.0 L2 84.0
Special Classes 2 50.0 5 50.0 12 60.0 12 75.0 31 62.0
Special Coaching 1 25.0 3 30.0 7 35.0 5 31.3 21 L2.0
Special Counseling 3 75.0 7 70.0 16 80.0 13 8.2 39 .78.0
Opportunity to

pursue courses :

beyond H.S. 2 50.0 4 LO.O . 8 L40.0 5 31.3 19 38.0

kyZo)
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NUMBER AND PER CENT OF SCHOOLS BY GEOGRAPHIC REGIONS IN WHICH
SPECIFIC. ADMINISTRATIVE METHODS OF PROVIDING FOR OUTSTANDING
.MATHEMATICS STUDENTS ARE USED REGULARLY

Geographical Regibn

Coastal Mountain Piedmont
Plain Region Region Total
(N = 12) (N = 8) (N = 30) (N = 50)
Per | | Per | Per Per
Method Number| Cent |[Number| Cent | Number| Cent|Number| Cent
Math clubs: L 133.3 2 25,01 '_8 26.6 1, | 28,0
Math contest‘
within schools -4 133.31 3 37.5 8 26.6{ 15 |30,0
Math contest
among schools 1 8.31 2 25,0 5 16.6 8 |16.0
Field trips 1| 8.3 2 |25.0 5 | 16.6] 8 [16.0
-Ability grouping 11 |91.6f 6 75.0 25 83.3] 42 |84.0
Special classes 7 (58,31 6 |75.0 18 60,0{ 31 | 62,0
‘Special Coaching 6 |50.0] 3 25,0 12 LO.0] 21 §42.0
Special Counseling] 10 [83.2f 4 . [50.0 25 50,0 39 178.0
‘ Opportunify to
pursue courses
beyond H.S. L }133.37 3 37.5 12 40,0} 19 |38.0




TABLE XIV

NUMBER AND PER CENT OF SCHOOLS BY ENROLIMENT CATEGORIES
. IN WHICH SPECIFIC MATHEMATICS COURSES ARE OFFERED

School Enrollment Size
100-499 . 500-999 1000-1499 1500~1999 2000 & over Total
(N=26) (N = 16) (N = 14) (N = 8) (N = 6) (N = 50)
Name of — :
Per Per Per Per 1 Per Per

Course Number | Cent |Number|{ Cent |[Number{ Cent {Number | Cent |Numberi Cent Number| Cent
General Mathematics 6 100.0] 16 100.0] 14 100.0 8 100.0 6 100.0 50 1100.0
Algebra I 6 100.01 16 100.0} 14 100.0 8 100.0 6 100.0 50 1100.0
Algebra II 6 100.0| 16 100.0f{ 14 100.0 8 100.0 6 100.0 50 1100.0
Plane Geometry 6 100.0f 16 100.01 14 | 100.,0 8 100.0 6 100.0 50 1100.0
Modern Geometry 0 - 0.0 0 0.0 0 0.0 2 25.0 3 50.0 5 10.0
Trigonometry 3 50,0{ 10 62.5 9 64.3 7 87.5 6 1 100.0 35 70.0
Algebra IIT 0 0.0 0 0.0 2 14.3 1 12.5 0 0.0 5 10.0
Advanced Mathematics 5 83.3] 15 94.01 12 85.7 7 87.5 6 100.0 L5 90.0
Business Mathematics 3 50.0 7 LL.0 5 35,7 2 25.0 2 33.3 18 36.0
Modern Mathematics 0 0.0 1 6.3 3 21.4 2 | 25.0 0 0.0 6 12.0
Functions - 0 0.0 0 0.0 0 0.0 2 25.0 2 33.3 L 8.0
Analysis . 0 0.0 0 0.0 0 0.0 0 0.0 2 33.3 2 4.0
Analytic Geometr ' A

and Calculus 0 0.0 0 0.0 0 0.0 5 62.5 4 66.7 S 18.0
Statistics 0 0.0 0 0.0 0 0.0 1 12.5 0 0.0 1 2.0
" Number Theory 0 0.0 0 0.0 0 0.0 0 0.0 1 25.0 1 2.0

fole)



TABLE XLVI

NUMBER AND PER CENT OF SCHOOLS BY SOCIO-ECONOMIC STATUS LEVELS IN WHICH SPECIFIC
'~ COURSES WERE OFFERED.WITHIN THE SCHOOL

Socio-Econonic Status

Lower—Lower Upper-Lower Lower-Middle Upper-Middle Total
(N =14) (N = 10) (N =20) (N = 16) (N = 50)
Name of
Per Per Per Per Per
Course’ Numbeny. Cent Number Cent | Number Cent Number | Cent Number Cent

General Mathematics Lt 100.0 10 - 100.0 20 100.0 16 100.0 50 100.0
Algebra T L 100.0 10 100.0 20 100.0 16 100.0 50 100.0
Algebra II L 100.0 10 100.0 20 100.0 16 100.0 50 100.0
Plane Geometry . L 100.0. 10 100.0 20 100.0 16 100.0 50 100.0
Modern Geometry 1 25.0 1 10.0 2 10.0 |- 1 6.3 5 10.0
Trigcnometry 2 50.0 5 50.0 13 65.0 15 93.7 35 70.0
Algebra II1 2 50.0 0 0.0 2 10.0 } 1 6.3 5 10.0
Advanced Mathematics 2 50.0 9 90.0 18 90.0 16 100.0 L5 90.0
Business Mathematics 0 0.0 5 50.0 6 30.0 7 L3.8 18 36,0 -
Modern Mathematics 0 0.0 0 0.0 3 15.0 3 19.0 6 12.0
Functions 0 0.0 0 0.0 2 10.0 2 12.5 L 8.0
Analysis 0 0.0 0 0.0 1 0.0 1 6.6 2 4.0
Analytic Geometry .

and Calculus 0 0.0 1 10.0 L 15,0 L 25.0 9 18.0
Statistics 0 0.0 0 0.0 0 0.0 - 1 6.3 1 2.0
Number Theory 0 0.0 0 0.0 0 0.0 1 6.3 1 2.0




88

TABLE XLVIT

NUMBER AND PER CENT OF SCHOOLS BY GEOGRAPHICAL REGIONS IN WHICH
SPECIFIC MATHEMATICS COURSES WERE OFFERED WITHIN THE.SCHOOL

Geographical Region

Coastal Mountain | Piedmont
Plain Region Region Total
(N.=12) (N = 8) (N = 30) (N = 50)
Name of
Per Per Per Per
Course Number| Cent |Number|Cent |Number | Cent |Number; Cent

General Mathematics 12 100,00 8 ]100.0{ 30 100.0 50 |100.0
Algebra I 12 }100,0f 8 |100.0f 30 100.0] 50 [100.0
Algebra II1 12 }1100.0 8 1100.0f 30 100.0 50 1100.0
Plane Geometry 12 100,04 & |100.0f 30 |.100.0| 50 }100.0
Modern Geometry 0 0.00 O 0,0 5 16.6 5 10.0
Trigonometry 7 1583 4 |50.0 20 | 8.0| 35 | 70,0
Algebra IIT 0 0.0 O 0.0 5 16.6 5 1 10.0
Advanced Mathematics{ 10 83.3] 5 62.6] 20 66,7 35 70.0
Business Mathematics; 8 67.08 5 62.5 5 16,6f 18 36.0
Modern Mathematics 0 0.0 O 0.0 6 20.0 ) 12.0
Functions 0 0.0 O 0,0 L 13.3 L 8.0
Analysis 0 0.0f © 0.0 2 6.6 2 4.0
Analytic Geometry

and Calculus 1 8,31 1 12.5 7 "23.3 9 18,0
Statistics 0 0.0 O 0.0 1 3.3 1 2.0
Number Theory 0 0.0 O 0.0 1 3.3 1 2.0




. TABLE XLVIIT

" NUMBER AND PER CENT OF TEACHFRS IN SCHOOLS BY ENROLLMENT CATEGORIES
WHO USE SPECIFIC CLASSROOM METHODS OF PROVIDING FOR
OUTSTANDING MATHEMATICS STUDENTS REGULARLY -

thog& Enrollment - Size

100-499

500999

2000.& over

1000-1499 | 1500-1999 Total
, (N=20) | (N=41) (N =40) .| (N=33) (N = 148) (N = 182)
Outstanding ‘ ' Per | - Per Per Per Per "~ I Per
Students Are- Number | Cent {Number | Cent | Number}Cent | Number|Cent | Number|Cent | Number | Cent
Encouraged to do _ _ .
supplementary problems 14 70.0 | 36 87.8 3L |85.0 29 190.0 37 {77.0} 14,0 |77.0
Assigned supplementary - ' - '
problems from regular .
texts 10 50.0 29 70.7 28 170.0 25. 176.0 35 {73.0]1 127 |69.2
Assigned supplementary . : ' :
problems from other , -
sources ' . 5 25.0 16 | 40.0 17 {L42.5 13 {36.4 28 160.0 79 | 43.3
Assigned supplementary ' ,
reading 10 50.0 21 51,2 18 {45.0 11 §33.3 19 140.0 79 {43.3
Encouraged to do free _ '
outside reading 9 {45.0} 18 | 44.0] 28 }70.0| 22 |66.6] 33 {70,0| 110 | 6l.4
Allowed to help in ‘ _ : v
teaching 10 50.0 29 70.7 35 {87.5 26 |72.8 36 175.0 136 | 69.1
Allowed to coach other 1 : ; . ,
" students ' 8 |40.0 § .32 80.0 28 170.0 15 145.5 LO 183.3 123 | 67.4
Allowed to exhibit ‘ : :
solutions to special ) .
problems ' 9 45.0 34 83.0 34 {85.0 29 190,01 4O [83.3 146 | 74.6
Encouraged to do : ' .
special projects | o 20.0 10 2L.4 9 j22.51 8 |24.2 10 }20.0 L1 | 22.5

Lo



TABLE XLIX

NUMBER AND PER CENT OF TEACHERS IN SCHOOLS IN SOCIO-ECONOMIC STATUS

CATEGORIES WHO USE SPECIFIC CLASSROOM METHODS OF PROVIDING

FOR QUTSTANDING MATHEMATICS STUDENTS REGULARLY

Socio-Economic Status

Lower-Lower

Upper-Lower

Lower-Middle Upper-Middle Total
(N = 20) (N = 40) (N =155) (N = 67) (N =182)
Outstanding Per Per Per v Per Per

Students Are- Number Cent § Number Cent Number { Cent Number Cent Number - Cent
Encouraged to do ‘

supplementary problems 10 50.0}1 30 75.0 38 70.0 62 92.5 140 77.0
Assigned supplementary ' »

problems from regular : ' o :

“texts 12 60.0} 30 75.0 40 72.6 45 67.2 1 127 69.2
Assigned supplementary

-preoblems from other

sources . 9 L5.0 19 L7.5 22 LO.0O 29 L7.5 79 43.3
Assigned supplementary o '

reading 8 40.0 21 52.5 21 38,1 29.5 47.5 79 43.3
Encouraged to-do free _ , , :

outside reading 8 L0.0 24 60.0. 35 60.0 L3 70.0 110 61.4
Allowed to help teach 12 60.0 28 70.0 L2 76.4 5L 88.5 136 69.1
Allowed to coach other . _ _

students ' 12 60,0 36 80.0 11 74,5 34 50.7 123 67.4
Allowed to exhibit . ’ .

solutions to special : :

problems ' 18 90.0 30 75.0 40 72.7 L6 70.0 146 7L.6
Encouraged to do :

special projects 5 25.0 10 25.0 16 30.0 10 15.0 L1 22.5

Nk



TABLE L

9l

NUMBER AND PER CENT OF TEACHERS IN SCHOOLS BY GEOGRAPHICAL REGIONS
WHO USE SPECTIFIC CLASSROOM METHODS OF PROVIDING FOR
OUTSTANDING MATHEMATICS STUDENTS REGULARLY

Geographical Region

Coastal Mountain | Piedmont
Plain Region Region Total
(N.=12) (W= 8) (W = 30) (N = 50)
Qutstanding Per Per Per Per
Students Are- Number|Cent | Number | Cent| Number | Cent } Number | Cent
Encouraged to do
supplementary
problems 30 |75.0] 20 |[66.6f 90 |[80.4f 140 | 77.0
Assigned supple-
mentary problems
from regular texts 26 165,0] 25 183,31 76 |62.5] 127 |69.2
Assigned supple-
mentary problems
from other sources 16 [40.0f 16 |53.3] 47 |42.0 79 | 43.3
Assigned supple-
mentary reading 15 137.5] 16 [53.3] 48 |43.0 79 | 43.3
Enéouraged to do
free outside
reading 25 62,5/ 21 |[70,0 64 57,1 110 | 6l.4
Allowed to help
in teaching 27 {67.5| 29 |96.6f 80 |[7l.4f 136 | 69.1
Allowed to coach
other students 26 165,00 21 {70.00 76 68,0 123 | 67.L
Allowed to exhibit
solutions to
special problems 28 170.0 26 |86.6f 92 82.1 146 | 7L.6
-Encouraged to do
special projects 10 25.0f 7 {26.6f 2L L.0 L1 } 22,5




FOOTNOTES

lJohn W, Smith, "Case History, Charlotte=Mecklenburg Schools,"
National Association of Secondary School Principals Bulletin (1968),
65-66,

2Carter V. Good, ed,, Dictionary of Education (New York, 1954),
p. 103, '

3Tbid., p. 103.
bid., p. 226.
5Ibid,., p. 290,
6Tbid., p. Lk

7Tbid,, p. 147.
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CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

A The major purpose of this study was to determine and analyze pro-
visions being used in randomly selected North Carolina public high
schools to provide for outstanding mathematics students, The term
"outstanding student! was not limited to the gifted as usually de=
fined by educators; however, the gifted students were included in the
group designaﬂed as outstanding students. It was reélized that the
térm "outstandihg student” would be variously interpreted from school
to school, hence the individual school determined, in keeping with a
general definition provided in the guestionnaire, which students they
consider to be outstanding.

One objective of the study was to gather data of an interpretative
nature concerning the programs for outstanding mathematics students. in
North Carolina public high schools, Then, on the Easis of these data,
to suggest to the school personnel of the state ways to improve the
quality of these programs,

The investigation Was carried out by seeking answers to six
specific questions pertaining to the administrative and classroom
provisions for outstanding mathematics students. Findings were studied
and interpreted by geographical regions, by school size, and by socio-
economic status of schools, Additional questions were posed which con-

cerned the academic preparation and recsncy of training of mathemstics

3



teachers in the selected schools. The major focus of this chapter will

be findings on the various questions posed in this study.
Review of Methods and Procedures of the Study

A list of administrative and classroom provisions for outstanding
mathematics students was compiled from a review of the literaturs.
This list was used to develop a series of questions concerning admin-
istrative and classroom provisions for outstanding students. The
questions were then submitted to experienced mathematics teachers,
supervisors, and principals, and the initial questionnaire was pre-
pared on the basis of their recommendations.

After the tentative guestionnaire had been constructed, some
indication of its validity was gained by consultations with teachers
and principals. The final revised questionnaire consisted of two

parts, Part I was comprised of questions concerning administrative

s

|

standing

policies and procedures for designating and providing for ou
mathematics students, Part II consisted of inguiries about classroom
procedures for identifying students and designing programs for the
outstanding mathematics students. 4 list of guestions pertaining to
the academic preparation of mathematics teachers was also included in
~the second part of the guestionnaire.,

The schools were randomly selected from a list of the public high
schools of North Carolina which enrolled students in grade categories
9 through 12 and 10 through 12, exclusively. The principals and those
teachers who taught at least two mathematics classes in each school

furnished data for this investigation,

Ry o

Returns were recaived from schools of varied sizes and socio=
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eddnomié sta£ué, excluding schools with enrollment less than one hun-
dred and those representative of the upper soclo-economic groups.
Absence of responses .from schools with enrollment less than one hundred
is accounted for in that none were included in the population; thus

the enrollment categories represented ranged from 100 through 499 and
up to 2000, The total sample consisted of fifty schools, and usable
responses were received from 182 teachers in the selected schools.,

The teachers! enthusiasm for providing for outstanding mathematics
students was indicated by the large percentage of returns, by the
comments written on the questionnaire, and by their willingness to

cooperate in any feasible way.
Interpretations of Findings Related to Specific Questions

1. To what extent were provisions being made for outstanding mathe-
matics students?

Some provisions for outstanding mathematics students were being
made in all schools furnishing data in this investigation. Although
the questionnaire identified eighteen administrative and classroom
methods of providing for outstanding mathematics students, only nine
were being used regularly by more than 60 per cent of the principals
and teachers., Of the nine methods being used regularly, three were
administrative and the other six were classroom methods.,

The three administrative methods used regularly'wére ability
grouping, special classes, and special counseling. While this may be
betfer than doing nothing at all, Hlam*a‘l:yl supports the idea that this
-is only the initial step in formulating procedures for discovering
outstanding students and fostering adequate programs which challenge

them to their full capacity} Other administrative methods can be used;
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but these generally require more time in planning than methods now in
‘regular use.,

In over 50 per cent of the schools, teachers were expected to
work with outstanding students of mathematics any time during the
school day or after school; yet, only 14 per cent of the principals
recognized that the extra work was not é part of the regular teaching
load, In no schools were teaéhers given extra pay for working with
students after school. This may partially explain why less than five
per cent of the teachers stated that they regularly work wifh outstand=-
ing students after school.

Seventy per cent of the schools offered a traditional sequence
in mathematics courses from algebra.l through advanced mathematics or
algebra III., Calculus and analytic geomeiry was not a popular fifth-
year course offered in the selected schools,

2. What were the methods of making provisions for outstanding mathe-
- matics gtudents?

Nine administrative methods of providing for outstanding mathe-
matics students were identified in the questionnaire, Responses from
principals indicated that several of these methods were used regularly
to provide for outstanding mathematics‘students, The term "regular®
was defined as "all the time" or "frequently." The methods most widely

used regularly by principals were:

. 8Le

e

a. Ability grouping . .
b, Special counseling . . . . 78%
c. Special classes . . o » . 62%

Other administrative methods identified in the questionnaire but

not widely used regularly were:
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a, ©Special coaching . . ... . . . 42%
b, Extra-curricular courses . ., . 38%\1
¢, Mathematics clubs . . - » - . 28%
d. Inter-school contests . . . . 16%
e. Intra-school contests . . . . 14%
f. Fieldtrips . .. . . . . . . 10%

Nine classroom methods of providing for outstanding mathematics
students were also identifiedvin the questionnaire. Of these methods,
six were being used regularly by more than 50 per cent of the teachers
furnishing data for‘this investigation, Responses indicated that out-

-standing students were:
a. Encouraged to do-supplementary problems . . . 77%
b, Allowed to exhibit solutions to problems . . 75%
c. Allowed to hélp teach . v o o o o 6.6 o o o » 9%
d. Assigned supplementary problems ., . . . ... . 69%
e, Allowed to coach other students . . . « . . . 67%
f. Encouraged to do free reading . , . o o o o & 61%

Three methods identified in the questiohnairé were used by fewer

-than 50 per cent of the teachers, Responses indicated that outstand-
ing students. were:

a; Assigned problems from other sources .. ..... 43%

b, Assigned supplementary reading . . . . . . . 43%

c. Encouraged to do special projects . . . . . . 23%

" Some principals and teachers .were unusually sensitive to the

needs of individual students. Their sensitivity was shown in their
creative approaches to meeting their needs. For example, one teacher

used .special organization of classes to allow for independent .study on
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topics of interest. Another reported that some students were per-
mitted to travel at a réte which enabled them to complete algebra I,
geometry, and algebra II in two years, rather than the usual three,
One principal reported the use of a special commitﬁee to provide for
outstanding mathematics students.

A number of other methods reported by teachers, such as encour-
aging outstanding mathematics students to ﬁrepare scrap books and
bulletin boards, were useful in stimulating interest. In general,
these methods do little about the really significant problem of pro-=
viding the needed challenge, Wright2 and Hlavatys_highly recommend
specilal projects, mathematics clubs, and conteéts for providing in-
tellectual challenge for outstanding mathematics students, but these
methods were very infrequently employed by principals and teachers
furnishing data for this investigation,

Sufficient curricular pfograms must be provided that not only
permit the student to go faster but with more depth as well, If, as
Conantl+ suggests, one of the most important administraﬁive ways of
providing for outstanding mathematics students is to provide a wide
range of mathematics courses, in few schools included in the study
were programs provided that were considered adequate., In 70 per cent
of the schools traditional sequences of mathematics courses of algebra
I through advanced mathematics were provided, Fifth~year courses,
(those pre-supposing four years of mathematics beginning with algebra
I), which were entirely different from algebra were offered in only
thirteen schools. Of these thirteen schools, analytic geometry was
provided in nine, analysis in two, number theory in one, and statis=

tics in one. In his 1965 survey for the U, S. Office of Education,
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Woodby5 found that analytic‘geometry and calculus was becoming the
accepted fifth-year mathematics course. The present survey revealed
ﬂhat in a majority of the selected public schools, however, fifth-
year courses that stress additional topics in algebra are still
offered,

3. What factors limited or prevented the use of the methods of prom
“viding for outstandl ‘mathematics students?

Principals and teachers indicated that administrative and class=-
room methods of providing for outstanding mathematics students were
limited bj a number of the factors mentioned in the questionnaire.
The factors checked by prinéipals as limiting or preventing the use
of administrative methods‘of providing for outstanding mathematics
studénts are listed below in descending order of per cent of times
mentioned.

a. Lack of teacher time , . . . . . . 42%
b, Lack of teécher interest . . . . . 23%
c. lack of student time . . . . . . . 21%
d. Lack of opportunity . o o o o o . 20%
e, ZLack of student interest . . . . . 19%
f. Other factors . . o » oo o o o » 5%

The factors checked by teachers as limiting or preventing the
use of classroom methods are listed below in descending order of per
cent of times mentioned.

a, Lack of teacher time ., . . . . . . 60%
b, Lack of student time . . . . . . . 56%
c. Lack of student interest . ., . . . 41%
d. Lack of supplementary materials, . 33%

e, Lack of teacher interest ., » - » » 9%
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£, Other Lactor8 . » v o o o« v » » IB

Both teachers and principals agreed that lack of teacher time
was the strongest factor interfering with their making adequate pro-
visions for outstanding mathematics students. W’right6 recommends
special projects and contests as very useful ways of providing for
outstanding mathematics students. He cautions, however, that lack of
teacher time has been a major factor in cases where little or no
success was experienced.
L. What was the relationship between the programs provided for out-

standing mathematics students and academic preparation of
teachers?

An analysis of the percentage distribution of the data for this
question resulted in the following major findings concerning the
academic preparation of teachers:

a. Bachelors' degrees . . . . . » . » . 100%

b. Bachelors' degrees, majors in
mathematdcs ., . ¢+ o+ » s 9% w o s s 7JOF

c. Bachelors' degrees, majors in
mathematics, related minor . . . . . 20%

d. Bachelors' degrees, majors in
ObHeY aréds . + « s+ » @ 5 % o o ¢« » 308

e, Masters' degrees . . . . « « +» o « » 30%

f. Masters' degrees, majors in
mathematics ., ., . . 4 4 « ¢« 4+ +» « « 30% (of the 30%)

g. Masters' degrees, majors in
edication & o » 5 3 o w6 v 4 o w368 (o2 the 30%)

h. Fewer than eighteen hours in
mathematics . . ¢ ¢ o o ¢ o o o o o« 20%

i. Mean number of semester hours . . . 37
j. Range of total hours in mathematics, 7 to 94

No identifiable relationship between the total programs for
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outstanding mathematics students and the academic preparation of
teachers was found to exist. In considering the various aspects of
the program, however, the following facts were noted:
| a. Ciassroom provisions rated above-average . . . 58%
b. Administrative provisions rated aboveaavefage. 20%
¢, Curricular programs rated abo#e-average s o o 26%
d., Facuities rated above-average . . . . . e . . 365
In spite of these facts, only nine (18%) schools had above-average
total programs in ﬁathematics, An analysis of the déﬁa (Table XXXIX,
page 80) shows that the above-average administrative provisions were
noted in schools where classroom provisions were average or‘be10W=
average, Similarly, the above;average classroom provisions were more
prevalent in schools where above-average administrative provisions
were found less frequently. An additional analysis by chi-square
(Table XXXVIIT, page 78) shows that»the null hypothesis of no dif-
ference between the academic preparation of mathematics teachers in
average, above-average, and below-average programs for outstanding
mathematics students could not be rejected. The chimsqﬁare test was.
significant at the ,10 level but not at the .05 level, The respon- |
sibility for providing stimulating and challenging programs for out-
standing mathematics students is td be shared by the administration
and by classroom teachers., Each has a definite responsibility and one
cannot be assumed by the other. Yet, the foregoing facts appear to
indicate that the administrative and classroom provisions tended to
supplant rather than complement each other,
A comparison of courses recormended by CUPM for various levels

of mathematics teachers (Table I, page 27), with teachers who have
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completed specific mathematics courses (Table XXXIII, page 73), and
with teachers who teach specific courses (Table XLI, page 8l) appears
to indicate that the preparation of teachers in the mathematics class-
rooms today (1968) still fall below the minimum requirements which
were recommended in 1960 by CUPM, Findings were as follows:

a. Twenty-one per cent of the teachers failed to meet

minimum requirements recommended for any high school
courses,

b, Though 52 per cent of the teachers were assigned algebra

and geometry, only 39 per cent had completed the minimum
requirements to teach these subjects,

¢. Thirty=four per cent of the teachers were assigned more

advanced high school courses, but only 29 per cent had
completed the minimum requirements to teach these courses,

d. Fourteen per cent of the teachers taught advanced place=

ment mathematics, but only 10 per cent had completed the
minimum requirements.

Although the mean average number of semester hours completed by
mathematics teachers was 37.3 semester hours, results show that
teachers at all levels failed to meet the minimum requirements re-=
commended by CUPM in 1960, Though there is continuing agitation for
- much stronger high school mathematics programs, such as the one re-
commended by the Cambridge Committee in 1963 (See page 2. ), fewer than
20 per cent of the mathematics teachers involved in the study had the
very minimum preparation for teaching courses in such a program.

Since 51,9 per cent of the teachers had received their bacca-
laureate training after 1957, it would appear that, due to the age
of the teachers and to the changes in the programs for preparing

mathematics teachers in the past decade, adequately prepared teachers

could be more easily trained to teach in stronger programs if
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éncouraged to continue their training. A school system can and should
make appropriate provisions for outstanding students by improving the
quality of teachers presently assigned to work with them, Hlavaty7
suggests the following ways to improve the quality of in-service

teachers:

a, Plan appropriate in-service training courses,
b. Encourage teachers to take these courses,

c. Advertise all courses =~ in-service, college, summer insti-
tutes =~ that will improve the quality of teachers,

d. Hold mathematical conferences.,
5, What was the relationship between the programs provided for out-

standing mathematics students and the recency of training of
mathematics teachers?

A positive relationship between the classroom.provisions for
outstanding mathematics students and the recency of academic training
of mathematics teachers was identified. Data revealed that when
schools were rated above-average, average, and below-average, on the
basis Qf total programs for outstanding mathematics students, the
following per cent of the teachers had received additional training
since 1962:

| a., AbOVe=-average . o o o o s o o o o 3%
b, AVETage , o o o o s o ¢« o o o o o 76%
C. Below-average . « . o o o + o o o L6F
A chi-square analysis of the data also showed that there was a posi-
tive relationship bétween the total provisions in the schools and the
recency of training of mathematics teachers in these schools, The

terms average, below-average, and above-average were defined in

Chapter IV, (See page 76.)
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6. Were the uses of these methods related to geographical regions,
sqhool size, socio-economic status, and administrative policy?

No consistent pattern of relationship was found between all as-
pects of the programs for outstanding mathematics students and geo-
graphical regions, school enrollment size, soclo-economic status,
or administrative policy. ‘Some specific observations or tendencies
were noted, however. These observations were:

a, Courses which stressed concepts different from algebra
were more frequently provided in the Piedmont regiono
Abovenaverage faculties were more frequently found in
schools ‘in the Piedmont region.

b, Schools with enrollment between 1500 and 1999 and those with
enrollments between 500 and 999 more frequently provided

special coaching.

¢, Schools in the Mountain region had a higher fregquency of
above-average classroom provisions,

d. Socio-economic status appeared not to be a factor in
provisions for outstanding mathematics students.

e, Lack of administrative policy was perceived as a handicap
to teachers in their use of mathematics clubs and contests
within and among schools,

In addition to the responses to the specific questions included
in the questionnaire, comments made by teachers in spaces provided on
the questionnaire revealed the following important features about
the -above-average programs for outstanding mathematics students:

a. Teachers were generally sympathetic and willing to
experiment with new ways of meeting the needs of out-
standing students.

b. The major responsibility for determining and providing
programs for outstanding students rested with members

of the mathematics department,

¢, The nature of special classes departed greatly from the
nature of regular classes,
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d. Special counseling of outstanding students was
usually provided.
e, Opportunities were usually provided for outstanding

students to pursue courses beyond the high school
level. _

Conclusions

After a detailed analysis of the data from this investigation,

it was possible to arrive at the following conclusions:

Concerning the Administration

1, Some administrators do markedly better than others in pro-
viding for outstanding mathematics students,

2. In schools recognized as having better-=than-average pro-
visions for outstanding mathematics students, administrators
usually provided special guidance and opportunities for
outstanding students to pursue courses not offered in the
school,

3. Administrative and classroom provisions tended to supplant
rather than complement each other.

., In only a few schools were the curricular programs considered
to be of adequate range, such as the ones recommended by
Wbodby8 and Conant®

5, The most frequently provided flfth=year course was advanced
.mathematics.

6. Lack of policies concerning the use of mathematics clubs,
contests, and field trips seriously handicapped adminis-
~ trative provisions for outstanding mathematics students.

7. In schools recognized as having better-than-average overall

' provisions for outstanding mathematics students, a combina-
tion of administrative and classroom provisions was used.

Concsrning the Classroom Teacher

1, There was widespread interest in and enthusiasm among
teachers for maklng prov131ons for outstandlng mathematics
students, , .
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Teachers considered as.doing a better;than-average Jjob
of providing for outstanding mathematics students used a
variety of classroom provisions,

Teachers in schools that were recognized as having better-
than-average provisions for outstanding mathematics students
appeared to be sympathetic and creative and were generally
willing to experiment with new methods.

Because of the heavy demands on their time, teachers were
handicapped in their attempts to do an adequate job.

Teachers recognized as doing a better—thannaverage job in
prov1d1ng for outstanding students had earned recent credit
in mathematics courses,

Academic preparation of mathematics teachers in 1969 fell
below the 1960 recommendations of CUPM,

Recommendat ions

On the basis of a thorough analysis of the findings from the

fifty schools and 182 teachers supplying data for this investigation,

it seems that several recommendations are appropriate. These re-

commendations result from a comparison of programs in selected schools

with suggested provisions presented in Chapter II of this study.

Recommeridations for School Administrators

In order to improve the administrative provisions for outstanding

high school mathematics students, the following recommendations are

made:

Administrators should consider more extensive use of
mathematics clubs, contests within schools, and contests
among schools,

Administrators could provide special activities for outstand-
ing students such as advanced placement courses, computer
courses, and programmed materials; where special activities
require additional time on the part of teachers, this should
be considered a part of teaching loads, This may in some
cases require a reduction in the regular class loads of
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some teachers.

Special classes should be provided for outstanding mathe-

matics students; these classes should be distinctly different
from regular classes. They should be smaller and teachers
should use discovery and laboratory methods of teaching
rather than the lecture method.

When considering special classes, administrators should use
previous mathematics grades, recommendations from mathe-
matics teachers, and I. Q. score as selection criteria.

Members of the mathematics department should be encouraged
to initiate programs and activities for mathematics students.

Because of continued agitation for the improvement of total
programs for mathematics students, teachers with more exten-
sive and more recent training in mathematics should be
assigned to work with outstanding students,

Administrators' assessment of the relevency of programs pro-
vided for outstanding mathematics students could be aided by
use of community personnel,

An extensive use of mathematics clubs, seminars, and films
could be employed to provide for outstanding students in
small schools where it is impossible to establish classes
and difficult to provide day-to=day contact between students
with similar interests and abilities,

Recommendations for Teachers

In. order to improve the classreom provisions for outstanding

‘mathematics students, the following recommendations are made:

l‘

The teachers should develop a program of individual projects
and exhibits; projects undertaken by outstanding students
should be more challenging and should require more original-
ity.

Teachers should help outstanding students plan and work on
projects outside class; such teachers could be relieved of
other extra=-curricular responsibilities, In some cases where
there is a large number of outstanding mathematics students,
a reduction in the number of classes taught may be necessary.,

Teachers should make supplementary problem assignments to
outstanding mathematics students; such problems should not
be assigned as busy work, but should instead lead to new
concepts.
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L. Teachers should give more frequentVCOnsideration to the use
of field trips.

5. Teachers should utilize outstanding mathematics students to
help in teaching and to perform demonstrations for the class.

6. Teachers should utilize laboratory and discovery methods of
teaching; The Mathematics Teacher frequently carries articles
on laboratory and discovery methods of teaching.

7. Teachers should realize that outstanding students can dis-
cover for themselves what many students cannot; therefore,
they should be left alone to uncover new ideas and patterns.

Recommendations for Further Study

Findings revealed that many problems are encountered in efforts
to provide for outstanding mathematics students. Lack of related
"~ studies made it difficulﬁ to compare the overall conditions of the
schools furnishing data in this investigation with conditions of
schools in other states. A more extensive study may point up other
problems. The problems recommended for further study are:
1. How successful are these methods now being used to provide
for outstanding mathematics students?
2, What differénce, if any, is there between the programs in
schools where ability grouping is provided and programs in

schools where ability grouping is not provided?

3, What are valid criteria for determining the success of
methods of providing for outstanding students?

L. What is the difference in the progress of students in
special classes and those who are not placed in special
classes?

5. What are the significant differences between the character-
istics of mathematics teachers recognized as doing a good job
and those not doing a good job?

Movement toward a "new mathematics" has been in progress for

more than a decade. In spite of the efforts of numerous and various
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study groups, foundations, and government-supported agencies, when all
aspects are considered, there still exist serious deficiencies in both
the preparation of mathematics teachers and the programs being pro-
vided for mathematics students in North Carolina, An indictment
against teachefs and schools programs cannot be considered an exonera-
tion of policymakers —- legislators and school administrators., They
share a responsibility for effecting a more adequate program in mathe-
matics and for encouraging the best preparation of teachers, If they
meet this responsibility by making possible equitable teaching loads,
sufficient preparation time, and extensive opportunities for pro-
fessional growth and advancement, more meaningful and effective pro=

grams for training mathematics students can be realized.
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13,
14.
15.

16.

17,

APPENDIX A
TENTATIVE QUESTIONS FOR THE INSTRUMENT

What is the enrollment of your school?
What is the total number of mathematics teachers in your school?

What is the category that best describes the socio-economic status
of your school?

Does your school practice ability grouping?

What criteria are used as a basis for ability grouping?

Are apecial clasées provided for outstanding mathematics students?

What criteria are used as a basis for selection of students for
special classes?

What is the nature of work done in special classes?

What is the written policy of your school with respect to
scheduling outstanding mathematics students to work under special
supervision of mathematics teachers on special projects?

Are teachers used to coach outstanding mathematics students?

Does your school provide an opportunity for outstanding mathe-
matics students to pursue courses beyond the high school level?

Is special counseling provided fof%outstanding mathematics
students?

Are mathematics clubs of a general nature used in your school?
Are mathematics contests within the school used?
Are mathematics contests among schools used?

Is acceleration used in your school to provide for outstanding
mathematics students?

Are enrichment materials used to provide for outstanding mathe-
matical students? '
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18,

19.

20.
- 21,

22,

23.

2L,

25,
26.
27.
28,
29,

30;
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Are community resources utilized to make provisions for outstand-
ing mathematics students.
Are outstanding students assigned special projects?

Are outstanding mathematics students encouraged to do special
projects?.

Are outstanding mathematics students allowed to exhibit solutions
to special problems?

Are outstanding mathemaﬁics students allowed to help in teaching?

Are outstanding mathematics students allowed to coach other
students?

Are outstanding students assigned supplementary reading?

Are outstanding mathematics students encouraged to do supple-
mentary problems according to interest and ability?

Are outstanding students assigned supplementary problems from

regular texts?

Are outstanding mathematics students assigned supplementary
problems from sources other than regular texts?

Are outstanding mathematics students encouraged to participate
in science fairs?

Are outstanding mathematics students encouraged to submit articles
to student journals?

Are field trips used to provide for outstanding mathematics
students?



APPENDIX B

PERSONS OFFERING SUGGESTIONS FOR CONSTRUCTION

AND VALIDATION OF THE INSTRUMENT

Spencer E, Durante
West Charlotte Senior High School
Charlotte, North Carolina

Leroy Waters
North Mecklenburg High School
Charlotte, North Carolina

William P. Hytche
Maryland State College
Princess Anne, Maryland

Raymond Fleischmann
Oklahoma State University
Stillwater, Oklahoma

David Hunter
Central Piedmont Community Ceollege
Charlotte, North Carolina

Paul Mohr
Clearwater Campus, Saint Petersburg Junior College
Clearwater, Florida

Jean Rorie
Charlotte-Mecklinburg Schools
Charlotte, North Carolina

Hiraum Johnston

Oklahoma .State University
Stillwater, Oklahoma
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APPENDIX C
LETTER TO PRINCIPAL OF SCHOOL

82 - 5 South University Place
Stillwater, Oklahoma 74074
October 1, 1968

Dear Principal:

I am a native North Carolinian who has spent more than a decade
teaching in the secondary schools and colleges of my state. I have a
longstanding interest in the methods of instruction employed in' our
classrooms, and particularly in mathematics classes, Presently, I am
on leave from Johnson C. Smith University and am engaged in a study
at Oklahoma State University dealing the methods being used to make
provisions for outstanding mathematics students in the public schools
of North Carolina, I expect to be able to use the results of the
study for my doctoral dissertatioenm,

Your school has been selected as a part of the randem sample for
the study. I am, therefore, soliciting your cooperation in the com-
pletion of the questionnaires enclosed with this letter. Please com=
plete Part I and ask each mathematics teacher =- those who teach at
least two mathematics classes ~= to complete a copy of Part II. In
order for the data from your school to be of value in the study, your
completed copy of Part I and a completed copy of Part II from each of
your mathematics teachers must be returned as soon as possible before
November 1, 1968,

Stamped , -addressed envelopes are enclosed for the return of the
completed questionnaires, No specific references will be made to the
schools selected to participate in the study. A complete roster of
schools included in the study will appear in the appendices. This
study should be of tremendous value in the teacher education programs
in North Carolina, ‘

Please accept my sincere thanks for your effort and cooperation
in helping me to conduct this study., If additional copies of Part II
are needed, indicate the fact when you return your copy and I shall
gladly supply them,

Very truly yours,

Rufus G. Pettis
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APPENDIX D
LETTER TO MATHEMATICS TEACHER

82 - 5 South University Place
Stillwater, Oklahoma 74074
October 1, 1968

Dear Teacher:

I am a native North Carolina teacher of more than ten years'
standing, and I have a deep interest in the methods of instruction
employed in the classrooms of our schools and colleges, particularly
in the area of mathematics. Presently, I am on leave from Johnson C,
Smith University and am engaged in a study (at Oklahoma State Univer-
sity) of the methods being used to make provisions for outstanding
mathematics students in the public schools of North Carolina. I ex-
pect to use the results of the study for my doctoral dissertation,

Your school has been selected as a part of the random sample for
the study. 1 am seeking the cooperation of each math teacher in the
school in obtaining data for the study. Please complete the attached
questionnaire and return it as early as possible before November 1,
1968, The questionnaire is to be completed only by those who teach
at least two mathematics classes,

A stamped, addressed envelope is attached for the return of your
questionnaire, No specific references will be made to the teachers
or the schools selected to participate in the study; therefore, it
will not be necessary for you to put your name any place on the
questionnaire.

‘May I take this opportunity to offer my sincere thanks to you
for your cooperation and assistance in the conduct of this study.

Very truly yburs,

Rufus G. Pettis
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APPENDIX E
FOLLOW-UP LETTER

82 ~ 5 South University Place
Stillwater, Oklahoma 74074
November 1, 1968

Dear Principal:

Several weeks ago you received a set of questionnaires on the
methods of providing for outstanding mathematics students in your
school. We have not yet received your response., We are sending a
second set of guestionnaires and asking that you complete them and
return them as soon as possible,

We are asking that you complete Part I and return it at your
earliest convenience. Please request each of your mathematics
teachers who teach at least two classes of mathematics to complete
a copy of Part II and mail it in the enclosed stamped, addressed
envelopes, We are anxious to have the data from your school included
in this study and will be grateful for the immediate return of the
guestionnaires. You are reminded again that no specific reference
to your school will be made in the study and that a complete roster
of schools participating in the study will appear in the appendices.,

If you have already mailed the forms to us, kindly disregard this
second request, :

Again accept my thanks for your cooperation in the conduct of
~ the study.

Sincerely yoﬁrs,

Rufus G. Pettis
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APPENDIX F
QUESTIONNAIRE

Part I: Completed by Principal

Part II: Completed by Mathematics Teachers
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Ref, No.

AN ANALYSIS OF METHODS BEING USED TO MAKE PROVISIONS FOR
OUTSTANDING STUDENTS OF MATHEMATICS IN NORTH CAROLINA

by Rufus G, Pettis

- Oklahoma State University - Stillwater, Oklahoma

PART I: TO BE FILLED OUT BY PRINCIPAL . .

(The term outste.nd:mg student, for the purposes of this study, may be defined as the
student who falls within the top 15% of the student body, who possesses both highly
rated intellect as determined by I. Q. and intrinsic motivation toward mathematics,

or who has indicated by such criteria as achievément test scores, course grades, and
high interest that he is capable of performing at a high level if such opportunities
are available,)

2.

5.

9.

. SECTION A

DIRECTIONS :

. - item that best describes your school.
item that you feel should be included.

1, Which of the following best describes

the: enrollment classification of your
school?

O Lessv.than'loo D 1000 - 1499 -

[ 200 499 3 1500 - 1999
; D 500 = 999 [3 2000 or over:

What is the total number of mathematics
teachers . in your school? (Count only
those teaching at least two classes,)

How many students are currently
enrolled in math courses? _

Which of the following are offered in

. in your school?

O ’Algebx_'e. I ’ D General Math

D Algebre Ir - D Trigonometry'
[ Plane Geomet;_ry [[J Advancea Math
[7] other (Please specify.)

Which of the following best describes
the socio-economic status of students
in your school?

O vrower<lower - [ Upper-m:i:ddle
[0 Upper~lower D Upper
D Lower-middle

Does your school practice. eb:LlJ.ty

grouping? Yes No 3 o
If yes, what crlterla. are used as a ‘
basis for grouping?

D I. Q. scores D Reading ability

[ Achievement tests [T] Previous .grades

a Other (Plesse describe. )

Are special classes provided for outw .
standing students of mathematics?

[Q fes O m : 1.

If yes, please answer the following
questions:

© d. Course(s) in whlch special

~classes are provide

Please respond to the following questions by checking or w-r:.ting in the

Feel free to suggest any omitted .

b, Which criteria are used as a
- basis for selection of students
for special clesees" (Check one .
or more,) -

I. Q. scores ‘

Previous math grades

All previous grades ‘
Students! expressed interest
Recommendation of math teacher
Recommendation of all teachers
Parents' request

Achievement test scores’

Other (Please describe,)

oooo0ooooo

c. How do special classes compare with
regular classes in size?

{0} smaller than regular classes:
D Same size as regular classes
D Larger than régular classes

d, Which of the following best de~
scribes the nature of work done -in
such classes as com::ared to regular
classes?

[ covers same units with a faster
pace

D Covers same units’ but with more
depth

D Covers same units but with
additional topics

D Follows a course of study that

" is entirely different from

regular classes

Which best describes your school with
respect to the policy of scheduling
students to work under supervision of
teachers on special mathematlce
activities? .
. Never done
[d scheduled only outside of regu-
lar class periods
El Scheduled only during teachers'
non-teaching periods
D Scheduled during any period

Are teachers used to‘ coach out=
standing students of mathematlce?

D Yes J wo

“(over)



.a, If such activities are encouraged, 11,
check the purposes for which they
are used,

D College entrapce exeminations -
D Various contests

D Achievement tests

D Other (Please deseribe. )

b. ‘Are such assignments considered 15
part of the regular teaching load?

[ tes {3 wo

-12,.. Does your school provide opportunities
for outstanding students to pursue
courses not offered in your school
or courses above the high.school level?

D‘ Yes 0 Nov

©. 13, ' If #12 is answered yes, how are these-
opportunities provided?

" Enrollment in correspondence
courses
Enrollment.in courses at nearby
college
Independent study

Other (Please speéify. )

oo EI D

SECTION B
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Whieh of the follcwmg best describes
your schoolts policy regarding spe-
clal counseling of outstanding math
students?

[J ot provided )

D Somet imes provided

) Usually provided

Please describe briefly any method
or technique used in your school for
discovering, encouraging, and pro-
viding for outstanding students that
has not been mentloned above,

DIRECTIONS: Followmg are several methods that have been used by, other schools. Please
indicate, by. check:.ng the appropriaste items, the use and limitation of

these methods in your school.

FREQUENCY OF FAC_TORS LIMITING OR
USE OF METHOD PREVENTING USE OF METHOD
: P
0 A E:
18 .1 815 |
Al 21 8] 215 1@
a i H 5 g & g
b Loy & 173 ) 21 0 o~
. 1) =} « by
ol Bl w1 & Bl Blgd |29
= 5 P [P0 34 glon
BT =1 IR [ j @ o 'S =4 ga O
ol o o o o] 2 o8
5} 3 £ L] @ (2 IS 58
a t’xl 5 = 1 [} ! a1l = o

USE OF MATH CLUBS

USE OF MAT}IEMATiCAL CONTESTS|
WITHIN THE SCHOOL

USE OF MATHEMATICAL CONTESTS
AMONG SCHOOLS .

USE OF FIELD TRIPS FOR
OUTSTANDING STUDENTS OF
MATHEMATICS
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.Ref. No,

AN’ ANALYSIS OF METHODS BEING USED TO MAKE PROVISIONS FOR
OUTSTANDING STUDENTS OF MATHEMATICS IN NORTH CAROLINA '
) by Rufus G, Pettis
" Oklehoma State University - Stillwater , Oklahoma

PART II-A: 7O BE FILLED OUT BY TEACHERS WHO TEACH AT LEAST TWO COURSES IN MATHEMATICS

_{The term outstanding student, for the purposes of this study, may be defined as the

student who falls within the top 15% of the student body, who possesses both highly
rated intellect as determined by I. Q., and intrinsic motivation toward mathematics,
or who has indicated by such criteria as achievement test scores, course grades, and
high interest that he is capable of performing at a high level if such :opportunities
are available,) , T R . :

DIRECTIONS ' .FREQUENCY OF | FACTORS LIMITING OR COURSES IN WHICH
Please respond to each |USE OF METHOD | PREVENTING USE OF . METHODS ARE USED.

of the following METHOD : g iz
descriptions of class- ) B B ] ol Bl E l
- réom methods of making ’ b B o8 Hl & & -
provisions for out- - ‘ . % B %g 8 > v ol b
standing students by. % O Al 5iE E : | 4 3 % .
_checking the appro- e ey BalHololal & o 2] o g g
priate column which ol B 52 & G A5l 4dsle
best’ describes your = I FIEEE RN L g
answer to each item -1 8 98 HEEVRE 18 308
listed below 3 & ag AFEENERIREE KR

SPECIAL ASSIGNMENTS FOR
OUTSTANDING STUDENTS

. 1. Ericouraged to do
supplementary pro-
blems according to
interest and ability

2., Assigned supplemen-

tary problems from
regular text

3. Assigned supplemen=
tary problems from
sources other than

. text

READING ASSIGNMENTS FOR

-OUTSTANDING STUDENTS

1, Assigned supplemen-

tary readings

2, . Encouraged to do

' free reading out-
side of class

THE USE OF OUTSTANDING
" STUDENTS FOR TEACHING
" AND DEMONSTRATIONS

1,  ‘Allowed to help in
teaching other-
students -

2, Allowed to coach
other students

< 3. -Allowed to exhibit

solutions of speciall

problems to class

SPECIAL PROJECTS

PLEASE DESCRIBE IN THIS SPACE ANY METHOD OR TECHNIQUE NOT MENTIONED -ABOVE THAT. YOU
USE IN THE CLASSROOM TO ENCOURAGE OR PROVIDE ‘FOR OUTSTANDING STUDENTS:
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PART ‘II—B‘:. TO BE FILLED OUT BY TEACHERS WHO TEACH AT LEAST TWO COURSES IN MATHEMATICS

DIRECTIONS: Please respond to the following questions by checking items which best
: describes your school, Feel free to suggest any omitted item that you
feel should be included. :

1. Are special classes provided for out- 3. Which best describes your school
standing students of mathematics? regarding the policy of scheduling
D Yes D No students to work under the supervision
. - of teachers on special mathematics
2, If yes, please answer the following: activities?
" . a. "Course(s) in which special [ Never done
’ classés are provided: D Scheduled only outside of regular

class -periods
D Scheduled only during teachers®

b,.- Which criteria are used for selec~ » non-teaching periods )
tion. of students for special D Scheduled during any period
¢lasses? (Check one or more,) :

1. Q 4. Are teachers used to coach outstand-
¢ . ing mathematics students?
Previous math grades . ) D Yes D No

All previous grades R )
a.  If such activities are encouraged,

" Students' expressed interest for what purposes are they used?
Recomméndation of math teachers D College entrance examinations
Recommendation of all teachers : D Various contests
Parents! request . [ Achievement tests
‘Ac‘hlevement tests D Other (please describe)‘_

DDDDDDDDD

Other (please specify)

b. Are such assignments considered

¢+ Which best describes the nature of’ a regular part of the teaching

work ‘done in such classes as compared . load?
to regular classes? [ Yes D No
[:l Cov:rs same units with a faster 5. Which best describes your school's
D‘ gace ame units but with policy regarding counseling.of out-
d:;t}:s Same unlts bub with more . standing math students? -
[0 covers same units but with added - [} Not provided
material in each unit _ D Sometimes provided
D Follows a course of study entirely a )
different from regular classes (] Usually provided

DIRECTIONS: - Please record in the approprlate colums information regarding your
: academic training,’

: _ BACHELOR'S | © MASTER'S
NAME(S) OF DEGREE(S) . :

. YEAR(S) CONFERRED ' TOTAL HOURS EARNED IN
ACADEMIC MAJOR . MATHEMATICS:
ACADENIC MINOR 1 | semester hours
INSTITUTION GRANTING ~ : B o
DEGREE . ) R Quarter hours

How many credlt hours have you earned in each of the followmg areas and in what year(s)
was credit earned?

HOURS : YEAR(S) || HOURS , . YBAR(S)
Modern Mathematics _____Probab, and Statistics
Modern Algebra . Analysis
Geometry R Number Theory
vFoundat,ions of Math _ Other .areas




APPENDIX G

NAME AND LOCATION OF HIGH SCHOOLS INCLUDED IN THE

INVESTIGATION BY GEOGRAPHICAL REGIONS

Charity, Rose Hill
Dillard, Goldsboro

East Duplin, Beulaville
E, E, Smith, Fayetteville
Fike, Wilson

Greene Central, Snow Hill

Charles D, Owens, Swannanoa
East Henderson, Henderson
Enka, Enka

Hudson, Hudson

Anson, Wadesboro

Atkins, Winston~Salem
Bandys, Catawba

Belmont, Belmont

Claremont Central, Hickory
Crest, Shelby

Durham High, Durham

East Rowan, Salisbury

Flat Surry, Pilot Mountain
~ Frank L, Ashley, Gastonia
Garinger, Charlotte
Grimsley, Greensboro
Hillside, Durham

Hunter Huss, Gastonia

J. F, Webb, Oxford

Coastal Plain

Jacksonville, Jacksonville
New Bern, Trent Park

Pine Forest, Fayetteville
Seventy-First, Fayetteville
Scotland, Laurinburg
Whiteville, Whiteville

Mountain

Polk Central, Mill Springs

Swan County, Bryson City

Rutherfordton~3Spindale,
Rutherfordton

Watauga, Boone

Piedmont

Lucy C., Ragsdale, Jamestown
Myers Park, Charlotte
Needham Broughton, Raleigh
Page Senior, Greensboro
Piedmont, Monroe

Second Ward, Charlotte
Smith Senior, Greensboro
Southeast, Greensboro

St. Stephens, Hickory
Valdese Senior, Valdese
Walter Williams, Burlington
West High, Linwood

West Charlotte, Charlotte
West Mecklenburg, Charlotte
West Wilkes, Miller Creek
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