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SUMMARIES

1. Paragraph Summary

THA-MASTER is a model program for the training of teachers from other

disciplines and/or other grade levels as secondary school teachers of

mathematics and physics. The program for each discipline includes brief

refresher courses; especially designed content courses given in discrete

time blocks and workshops and laboratories. Methods are presented as in

integral part of each course. THA-MASTER has been offered ai eight

university sites and two school districts and a chemistry model has been

developed within the last year. THA-MASTER model creates a mechanism for

dealing with teacher shortage/teacher surplus on a regular basis;

provides horizontal career opportunities fur teachers; attracts women

and minoritites; encourages cooperation among universities and school

systems; and helps universities revitalize their own programs and

curriculum by creating a new flow of students. It is cost effective and

has led directly to new grants and awards for thos universities

involved.

Madeleine J. Long
Director, The Institute for the Advancement

of Mathematics and Science
Brooklyn Campus
Long Island University
1 University Plaza
Brocklyn, NY 11201
(718) 403-1056

THA-MASTER, The Hellman Academy for Mathematics and
Science Teacher Education Retraining



B.1 Executive Summary

THA-MASTER, The Hellman Academy for Mathematics and Science Teacher
Education Retraining

A. Project Overview

A critical nationwide need for teachers of mathematics and science has
existed in this country for a variety of reabons. In 1975-1976 the
situation became intolerable when the nation's largest school system,
that of New York City, utilized massive layoffs and excessing as a
means of resolving its fiscal crisis. Seed money from the National
Science Foundation enabled the Brooklyn Campus of Long Island
University to develop a small scale realistic retraining program for
teachers of mathematics. Support from the Fund for the Improvement of
Postsecondary Education has made possible the extension of this project
to include science. It has also enabled its dissemination to
universities and school districts across the country. An EESA Title II
grant supplemented FIPSE aid by providing stipends to participants. In
an important sense, THA-MASTER program proved to be one of the earliest
cooperative ventures betwe.n the NSF and FIPSE.

B. purpose

THA-MASTER empowers institutions of postsecondary education to meet the
needs of local school systems through the retraining of science and
mathematics staffs. It disseminates its new curriculum model to
universities and colleges across the United States. The network it
develops enables THA-MASTER initiatives to continue following the
conclusion of the funding period.

C. packgroungl And Origins

In the mid-1970's, when thepew York City Board of Education laid off
and excessed thousands of E60%, response to the City's fiscal
crisis, adherence to contractual ob tions caused firings of staffs
by seniority rather than by certifica . There arose a need to
retrain teachers in disciplines other than matics and science so
that they could fill vacancies in these critical as. What was needed
was a program acceptable both tc mathematicians an educators and
manageable for teachers. The program would have to a ximate the
content of the traditional mathematics major but yet take 1 account
the needs and backgrounds of classroom teachers as well the
requirements for state certification and city licensure, w
appropriate. The first planning group included representatives of the



University, New York State Education Department, New fork City Board of
Education and pest secondary wathematics educators. Subsequently, the
planning group has been expanded to include faculties from New Jersey
to Oregon.

D. Project Description

Experienced teachers who were not mathematics or science undergraduate
majors are offered a series of graduate courses designed cooperatively
by university faculty. teachers, supervisors, state education officials
and consultants. The curriculum assumes little or no prior knowledge in
each subject area, Individual participants needs are met through
flexible grouping techniques. The dissemination effort has resulted in
the receipt of more than 150 formal inquiries for replication in the
two year period of August, 1983 through August, 1985. As the result of
the FIPSE grant, funding has been awarded by Long Island University to
Beaver. College, The University of Miami, Arizona State University,
Trenton State College, Texas Woman's University, University of Northern
Colorido and Western Oregon State College.

E. project Results

A formal evaluator was hired to design and conduct the evaluation. An
overwhelming 92 percent of the participants stated they planned to
teach mathematics as a result of THA-MASTER. More than 80 percent of
the initial group secured mathematics licenses from the New York City
Board of Education. THA-MASTER students do well when compared with
regularly trained teachers and substantially better_than those
recertified outside of this program. aluated very
positively by participants with "A", , far, t e mos typiCa ing of
all courses in the program. There w- e no "D" or "F" ratings an only
two isolated ratings of "C".

Diswinattm alten

The local project direc rs were unanimous in their support of th
project and of the q /ity of assistance received from the foundin
site. The majority f the sites have continued to work with the
Institute for the ancement of Mathematics and Science at L.I.U. And,
among them, t sites have raised in excess of a half million dollars
to continue t,. efforts started under FIPSE funding. Great interest has
been show, universities and school systems of Puerto Rico partially
as a re t of the San Juan Conference of 1986.
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F. Summary and Conclusions

The TEA-MASTER pr ,ram is an effective economical approach for the
recruitment and retraining of teachers in the critical areas of
mathematics and science. It is an appropriate approach for rural, urban
and suburban areas as well as for special interast groups wishing to
provide quality education for all pupils. FIPSE funding permitted us to
develop a model for inter-university cooperation as well as for the
evolutionary derelopment of cooperative efforts among faculty of
education and arts and sciences faculties, universities and school
districts and state education departments. As an example, the Portland
Public Schools, in Portland, Maine initially brought together Maine
State Education officials and TEA-MASTER directors to consider the
feasibility of implementing THA-MASTER in Portland. The successful
initial meeting resulted in THA-MASTER being funded by Portland and an
ultimate change in Maine's certification regulations.

4
0,1



FINAL REPORT

THA-MASTER, The Hellman Academy for Mathematics and Science Teacher
Eduaction Retraining.

Long Island University, Brooklyn Campus
University Plaza
Brooklyn, New York 11201

Madeleine J. Long, Ed.D.
(718) 403-1056

&project Overview

The Hellman Academy was developed in response to a critical nationwide

need for mathematics and science teachers. New York City typified the

problem in 1975-1976 when urban fiscal difficulties resulted in teacher

excessing and lay-offs in most educational areas, coupled with severe

shortages of secondary school mathematics and physical science teachers.

The mathematics model was initiated and developed at The Brooklyn Campus

of Long Island University with grants from the National Science

Foundation from 1977-1981. It has continued with support from the Fund

for the Improvement of Postsecondary Education since 1983. It is housed

at the Institute for the Advancement of Mathematics and Science at The

Brooklyn Campus of Long Island University and is also. offered at

universities and school districts across the country. The formal project

culminated with a Dissemination Conference held in San Juan, Puerto Rico

and co-sponsored by Inter American University and Long Island

University.

B. 2111221A

The major purposes of THA-MASTER include:

* Continuation and improvement of the project at Long Island

University.

* Development of science models similar to the mathematics model.

5
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* Dissemination of science and mathematics models to universities and

colleges across the United States.

* Development of a network of universities, colleges, state education

departments and local school districts to continue THA-MASTER

initiatives at the conclusion of the funding period.

* Creation of a new curriculum model which distinguishes,

theoretically and practically, between professional mathematicians

and' scientists and secondary school teachers.

C. Background And =am

The Board of Education cf the City of New York signaled the need for a

specific retraining program in the mid-1970's when it laid off thousands

of teachers and simultaneously announced a critical shortage of

mathematics ar.3 physical science teachers. The largest school system in

the United States had announced its intention to give first priority for

job openings to its own laid off teachers rather than seek new recruits

formally and traditionally trained in mathematics. Clearly the Board was

interested in retaining experienced teachers -- although there was no

initial evidence to suggest that it was searching for the most able or

best qualified from among those who had been laid off.

Faced with the inevitability of the Board's decision, the challenge was

to create a program acceptable to mathematicians and educators and

manageable for teachers. The first attempt was aimed at developing a

program which would approximate the formal study of a mathematics major,

while taking account of state certification requirements, the unique

learning styles of adult learners, and the particular backgrounds and

needs of classroom teachers.

The very first planning group involved a university mathematics



chairman, the director of the Education Division, an Arts and Sciences

dean who was also a physicist, a high school assistant principal for

mathematics, the Chief of the Bureau of Mathematics Education and the

Bureau Chief of Teacher Education, NYSED, the New York City Board of

Education's Executive Personnel Director and Dr. Morris Kline, Professor

Emeritus at New York University's Courant Institute of Mathematics

Sciences. In the ten year period since THA-MASTER'S inception,

mathematics faculty from New Jersey to Oregon have been added to the

planning group.

The National Science Foundation funded the mathematics retraining

program in its early years, while the Fund for the Improvement of

Postsecondary Education provided the funds to improve and extend the

original efforts, create a science model and test both the science and

mathematics models at different sites. In an important sense this

program proved to be one of the earliest cooperative ventures between

the NSF and FIPSE.

D. gsgiggt Description

The mathematics model has been offered at Arizona State University,

Beaver College, the University of Miami, Texas Woman's College, Trenton

State College and Western Oregon State College. The school district of

Portland, Maine and the Great Neck Unified School System on Long Island

have also adopted the mathematics model. The physics model was offered

at the University of Northern Colorado. With the exception of one

university, all projects are housed in mathematics or physics

departments. Subsequent to the funding period a chemistry model has been

developed at Long Island University.

7
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The features which define THA-MASTER and make its curriculum unique
include:

* a series of graduate courses cocperatively designed by universi*:y

faculty, teachers, supervisors, state education officials and

consultants for experienced teachers who were not mathematics or

science majors as undergraduates.

* refresher courses which prepare students for mathematics or physical

science programs and begin with an historical introducation to these

disciplines as well as with consideration of tl.eir nature and aims.

They proceed to review essential topics from conceptual and

practical standpoints

* a three-tiered screening procdure for all candidates which involves

a special application form, an individual interview and successful

completion of the refresher course.

* a curriculum which assumes little or no prior knowledge and proceeds

from the study of

Mathematics: elementary algebra, geometry and trigonometry, through

differential and integral calculus, to a sophisticated course whose

topics include number theory, logic, probability, projective

geometry, and topology.

Ellysics: classical areas of mechanico, heat, sound, light, and

electricity to modern physics.

* t) structures of the courses take account of the natural building

block structure of tl.c. disciplines. They are sequential and modular

an require mastery at each stage.

* small workshop/recitation sessions for each lecture session where

participants are grouped and regrouped in accordance with

performance. Sessions are taught jointly by mathematics/science



educators from local secondary schools and university mathematicians

and scientists.

* a fundamental philosophical and pragmatic distinction between the

preparation of the future teacher of secondary school mathematics

and physics and the traditional major mist interested in research

and/or university teaching.

The dissemination function of THA-MASTER was its newest and, perhaps,

most exciting component. FIPSE provided funds which L.I.U. awarded to a

limited number of colleges and universities that wished to Participate

in the program and demonstrated the capability to do so. In a two-year

period, from August, 1983 through August, 1985, more than 150 formal

inquiries were received from all regions of the United States and

Canada. And inquiries continue to arrive. THA-MASTER method of funding

appealed to colleges, universities and schoo: districts interested in

perfeAling a community service, willing to commit their own funds to

important projects and eager to become involved with a nationwide

network of mathematicians. physicist3 and educators who possess similar

interests and motivation. The interest in THA-MASTER has been so great

that in some instance State Education Departments have helped fund the

project at local universities; in others, universities attempt to secure

funds from the Economic Security Act so that they can join the Network.

PURPOSE a TUA- MASTER NETWORK CONFERENCE

The THA-MASTER Network Conference was held in San Juan, :Alert() Rico from

December 3-6, 1986. It was held in Puerto Rico in order to continue the

dissemination efforts at different sites in the United States and to

explore the possibilities of developing a bilingual component. The

9



conference was attended by personnel from Long Island University,

directors and teacher participants at the various sites. yest speakers,
1

and visitors from the educational community in Puerto Rico.

2
E. joject Results

Eralcation AI LIU

To evaluate ale project, data were gathered from a variety of sources:

pre- and post-tests of content and attitudLs, interviews with project

staff, interviews with former students and monitoring of project

activities. The pre-test of attitudes and demographic items was designed

to collect bas.c data, to elicit self-concepts of ability in the subject

areas and to determine students' evaluation of faculty, their

experiences in the program and at the University. The post-test,

designed so that comparisons could be made on a number of items, also

contained a section in which students were asked to give an overall

evaluation of each course they took. Stude.lts were also pre- and post-

tested in the ^ontent areas with tests developed by the project faculty.

Pertinent findings include the following:

* Students exhibit a large degree of variation on all status

characteristics. Ages ranged from 23 to 61. Approximately 25% majored

in elementary education as undergraduates; 25% in science; and 30% in

social science. Smaller groups majored in such areas as speea or

English. Most had strdied beyond the master's level.

1. See Appendix IV for Conference Proceeding's
2. See Appendices IIII and II for Evaluation Reports.
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* The factor selected most frequently as a reason for appyling to the

program was the desire to teach mathematics and the appeal of the

relatively short time span required to complete the program.

* An overwhelming 91% of the students said they plan to be teaching

mathematics as a result of THA-MASTER. Many of these studerts plan

to continue graduate studies in mathematics.

* Courses were evaluated very positively, with "A," by far, the most

typical rating of all courses in the program. Ther were no D or F

ratings and only two isolated ratings of C.

* The opportunity to study with other adults in courses especially

designed and structured for this audience was regarded as essential.

Participants paid tuition when they could have retrained at other

institutions free of charge.

* A major criterion of the program's strxess is the number of

retrained teachers who become certified to teach mathematics. More

than 80% of the initial group have been licensed in this area through

the New York City Board of Education.

Dissemination sites

Reports from the various dissemination sites have revealed interesting

information and results, including the following:

* Local project directors were unanimous in their support of the

project generally and, specifically, of the quality of assistance

they received from the founding site. One local director said, "I can

get on the phone ar any time and get answers."

* Directors report being pleased with the faculty teaching the courses.

The syllabi, originally developed at the Long Island University

project, were very helpftl.

11
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* Departments of Education and Mathematics have become closer than

they previously were at many of the sites.

* Plans have been made to institutionalize the program at a number of

sites.

* One site received approximately $200,000 :i.n state :ands to continue

the program started by THA-MASTER.

* Two of the project courses are being offered to schoolteachers in the

Philadephia School System. The local director points to the fact that

Philadephia's support, in the form of state funding to pay for the

courses, is a tribute to the "good press" the Long Island University

model program has had in the area.

* Local project directors feel they have a support system and network

which has emerged from their formal and informal meetings and plan to

keep it active.

* Strategies are now being developed to establish new levels of

collaboration between universities and school districts.

* Constant contact indicates that THA-MASTER students do well when

compared with regularly trained teachers and substantially better
1

than those recertified without benefit of this program.

Perhaps most significant, the majority of the sites have continued to

work with the Institute for the Advancement of Mathematics and Science

at LIU on new mathematics and science initiatives. Finally, the project

director has been asked to speak about THA-MASTER at more than forty

national and regional meetings.

1. See Appendix IV for Site Reports
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F. Summary And Conclusions

Retraining programs, particularly those which aim at developing

expertise from other disciplines, have emerged as one of the more

effective strategies for dealing with the teacher crisis. Those of us

who have been involved in THA-MASTER since the mid-seventies are not

surprised. What has interested us is the relative ease of adapting this

particular model to new settings, its applicability to both school

systems and universities, and its cost-effectiveness. The acceptance of

the model and its courses as an alternate route for preparing teachers

has been gratifying. The chairperson of the Mathematics Department at

one participating university has said that THA-MASTER "is more effective

than the traditional Fecondary Education/Mathematics MAster's Degree

Program." One state adopted the curriculum "wholesale" as its

alternative certification route. Mathematics examiners claim there is no

discernible difference when THA-MASTER graduates are compared, vis-a-vis

written examinations, with traditional mathematics majors. Some

graduates obtain mathematics positions in special high schools for the

gifted...and so on.

Positive results which have thus far ensued from THA-MASTER include:

recruitment, training and placement of new mathematics and science

teachers; establishment of a nationwide network of faculty addressing a

critical problem; involvement of mathematics and science departments in

an area many have historically been unwilling to enter; a growing

cooperative effort between schools of education and mathematics and

science departments; a willingness to reorder and restructure basic

content; and an emergence of the usefulness and adaptability of the

program's design and content for significant numbers of minorities

13



including women, Blacks, Native Americans, and Hispanics.

THA-MASTER has an established and operative network and a program which

has worked over time in many diverse settings. Because it is flexible

and adaptable, it is a particularly useful model for implementation in

the fifty states. In many states, funds availabe under the Education for

Economics Security Act can be used to support the implementation of THA-

MASTER. In fact, five such awards for programs based upon THA-MASTER

have already been made.

As a direct result of THA-MASTER, Long Island University created and

institutionalized the Institute for the Advancement of Mathematics and

Science. The Institute is a part of the University College of Arts and

Sciences and is now responsible for a large number of special

mathematics and science programs. It works directly with a large array

of urban and suburban school districts and organizations like The Urban

Coalition. Most recently, a retired Superintendent has joined its staff

as Associate Director.

Services Provided by THA-MASTER

THA-MASTER can provide information and services to all interested

parties who wish to become further acquainted with and involved in its

unique program, including rural, urban, suburban and special interest

groups wishing to further the educational excellence of their

communities. Services of interest include:

* course descriptions and course design

* dissemination techniques

* evaluation materials

* networking

* speakers and consultants

14
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* strategies for dealing with adult learners

* technical assistance and staff development

* videotapes

15
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PROGRAM DESCRIPTION

The main objective of this program is to retrain experienced teachers

in the discipline of mathematics, to develop a similar program for physics,

and to disseminate the programs to other universities. The programs are generall

--one-year plus summers, non-traditional.; universit7-based. The mathematics

program at the original site was maintained while the physics model was

developed and initiated. Both models were developed as a reaction to

the nationwide shortage of math and science teachers and are believed

to be highly generalizable models which can be replicated and disseminated

to sites throughout the country.

The structure of the program, regardless of subject, is to begin

with a refresher course during the summer. This course is to be followed

by a sequence of five specially developed eight-week courses in mathematics

or physics. Each student can earn a' graduate credits upon successfully

completing the program.

During each of the eight-week modules, students meet twice. One

session consists of a four-hour lecture, and the other, a four-hour

workshop designed to enable students to review problems with an instructor.

The workshop reinforces, reviews, and at times,extends lecture materials

and introduces other topics, the need for which arises in the course of the

program.

The second major program objective.of year One is to select two

regional sites in order to disseminate the mathematics program in

the second year of the grant.



EVALUATION, DESIGN AND OBJECTIVES

This evaluation was designed to address the two major

foci, training and dissemination, of the Hellman Academy for

Mathematics and Science Teacher Education Retraining (THA-

MASTER) project funded by the Fund for the Improvement of

Post - Secondary Education for the 1983-86 project period. The

project involves the adoption, implementation and adoption

of a teacher training model which consists of a series of

specially designed graduate-level courses in the subject

area (mathematics and physics) and a dissemination process

The dissomination process includes the selection of regio

and national university sites: selection and training of c

faculty; recruitment- and seIectios-of trainees; and conduction

awareness sessions for faculty, supervisors and school

personnel.

Training Evaluation

In order to evaluate this component of the projec

data were gathered from a variety of sources: pre- an

post-tests of coutent and attitudes, interviews vith

staff and students, a monitoring of project actIviti

classroom observations by project personnel.

The pretest of attitudes and demographic item

Appendix 2), designed by the evaluator, was admini

the fall and the post-test was given in June. A c
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3

developed sc that pre- and post-tests could be matched with-
.

out resp' dents revealing their names. This survey instru-

ment was designed to collect basic demographic data, to

elicit self-concept of ability in the subject area, to

determine students' evaluations of their faculty and their

experiences in the program, as well as their experiences

at the university generally. The post-test was designed so

that comparisons could be made on a number of items. In

addition, the post-test contained a section in wnich students

were asked to give an overall evaluation of each course they

took by assigning a grade from A to F to the particular

course.

Students were also pre- and post - tested in the content

areas with tests developed by project faculty. Informal

interviews of students were conducted by the evaluator one

week after the post-tests were completed and again in

December, several months after the students had completed the program.

Faculty members were interviewed in order to obtain any

suggestions they might have for change. During the spring

semester a faculty member made 18 classroom visits to

observe project teachers in their classrooms. Each of the

9 teachers who are currently teaching mathematics without

being licensed or certified to teach the subject was

observed twice in order to see if higher exposure to the

program had resulted in improving ability to teach

mathematics.



Dissemination

According to the proposal, two sites were to be selected for

dissemination during the second project year. Contacts were made

with universities all over the country. The project director

visited 12 potential sites, including the University of Pennsylvania,

the University of California, Davis, the University of Kentucky,

the University of Miami and the University of Puerto Rico. Two

university sites were selected: the University of Kentucky and the

University of Miami, and a third site is to operate in a school

district in Great Neck, New York. Both the University of Miami and

the University of Kentucky have sleected a core group of studetIts

and faculty and have begun to implement the program at their sites.

Subsequently, the program implementation was broadened to

include Beaver ColleLe. The Beaver College site was made possible

as a replacement for the physics site at L.I.U. A site is also

being developed in Portland, :,sine.

1't)
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RESULTS

Interviews

The program started late in 1983. It commenced in late

September rather than in the summer as planned. In order

to meet the objectives of the grant, many activities were

undertaken prior to its formal inception by the project

'staff. In the spring axed summer preceding initiation,

staff recruitment and training was completed as scheduled.

A physics model and curriculum was developed. Students

were recruited, applications reviewed and interviews were

conducted. One hundred and forty-six student inquiries

were made and 93 students submitted applications: Of

these, 39 students were accepted in mathematics and 14

in physics. Thirty-one math students and 11 physics

students started the program. After the refresher course

and the initial course (Math or Physics 501) were completed,

29 math students and 7 physics students remained. By

the end of the project year there were 24 math students and

6 physics students.

A sample of students and faculty were interviewed by the

evaluator. The fact that the program started late was a

major problem, according to students and faculty. Students

had to take the refresher course iv September and October and

be;in the regular courses immediately thereafter. This did not



.leave time for students to review their work and overcome

any problems that were uncovered. One faculty member and some students

felt that four hours of lecture is too long a stretch for

many students, especially those that have spent a full day

at work. 0, ers expressed satisfacticn with the format.

Lecture time could be divided into two days or,alternatively,

Saturday morning lectures might be an option to consider

within the current structure if individual project personnel

prefer a different format.

Students were unanimous in their praise of th faculty and

the administrator.. They described the teachers as "fantastic."

One student expressed the feelings of the group when she

said, "I learned a great deal. These teachers are really able

to teach!" Another said, "I liked being pushed to the

limits of my ability and beyond." The students liked the

interaction that existed between faculty and students. They

praised the faculty's emphasis on the development of com-

prehension. Furthermore, the enthusiasm of the faculty and

their patience were noted repeatedly. Despite the over-

whelming praise of the faculty and the program, most stu-

dents found the pace grueling. They felt they needed more

time to absorb the amount and type of material presented.

Although students are made aware at the very beginning that

the time commitment is extensive, this should be reinforced

extensively.

Based on these interviews. it can be statedunecuivocally

1)...,/,"



that the project director and her staff developed a cohesive

group of faculty and students and c...eated a postive climate

which supported the difficult task which is being attempted.

Mathematics and physics are among the most demanding discip-

lines. That the students were so positive about their ex-

perience, despite the pace-related

and the difficulty of the content,

ministrator of the grant.

Of the 24 students who completed the mathematics

pressures that they felt

says much for the ad-

couponent of the program,

in December of 1984. The

was to gather information

seventeen were interviewed again

purse of his second interview

concerning participants' attitudes

towards the program, the degree to which the program prepared

students to take the New York City licencing examination, pass

it and be placed in teaching positions, as well as students

recommendations for improving the program.

The evaluator conducted the interviewes using an

interview guide which consists of open and closed ended

items.

Participants were first asked to think back to their

initial expectations in order to determine whether the

program met these expectations, exceeded their expectations

or fai.ed to meet their expectations. Of the seventeen.

responses, ten felt their expectations had been met, four

said the program exceeded their expectations, and three

said the program failed to meet their expectations. Respondents

whose expectations were exceeded were then asked to explain

their choice. One student said he.."had no idea what I was

in store for. I use math now in almost every aspect of my
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life. I look at the world in a different way, in a more

mathematical way." This student described how he

teaches music with an emphasis on mathematics, and claims

it has made him a better teacher generally. Another student

described how, as an English teacher, his mathematics has

helped.him. He gave an example of how he has applied

mathematical concepts to the teaching of literature. e.g.

Poes' Goldbukand how his students enjoy the way mathematics

is integrated into the teaching of literature. Another

interesting example of how a student has applied his

mathematics came from a teacher of driver education who now

uses a mathematics approach. "The caluclus is beautiful. I've

usedit in a hyperbolic decline chart in driver education."1

All of the respondents, at some point in their

interview, said the teachers were outstanding. There was

not a single negative or even neurtal evaluation of the

faculty. The participants described the faculty as

"fabulous" "patient" "knowledgable" and "outstanding'.'"

Those few students whose expectation were not met

referred to problems of having too much to do in too short

a time. They felt that they had not been prepared to deal

with such an intense and time consuming experience. Even

in these cases, however, the faculty and the program overall

were praised. Any problems mentioned were directed toward

the students themselves.

One major criterion of program success is the number

of teachers who become licensed and/or certified to each

mathematics (science),are placed in appropiate positions,

succeed in those positions and who demonstrate a commitment

1 These teachers are awaiting the results of the mathematics license examinat
TY.)



to the profession. Respondents were asked if they took the New York

City examination, which was given in September, 1984 and whether

they passed. Fifteen of the seve7teen have taken the test. However,

they have not yet received the resul.:s. The students who have not

taken the exam yet plan to take it when they complete an additional

six credits of mathematics. Many (13) of the students have already

continued taking graduate courses in mathematics and many are currently

enrolled in a Master of Science in Education degree with a specialization

in mathematics at L.I.U.

When de students were asked to share their thoughts about

the program, their responses pointed to several potential recommendations

for change. The most frequently mentioned concern was that the

program was timed in such a way that students felt a great deal of

pressure. Several students suggested expanding the scope of the

program to 18 months. Another concern was with the four-hour
1

lecture. One suggestion was to have a two-hour lecture followed

by a two-hour workshop on each of the days classes meet. Several

students felt they would like to see more about computers included

in the scope of the courses. Also students felt well prepared in

calculus but some felt they needed more time with geometry and tri-

gonometry. This was especially true for students whose mathematics

background at the pre-college level was weak.

3 )
1 Students at the Great Neck site claim "time flies" during the

four-hour lecture (with many of the same instructors.)



Many of these suggestions are currently under consid!ration and

have already been incorporated into site dissemination programs.

At Brooklyn it is likely that Mathematics 501 will be expanded-

to a two-semester course. Adaptations which touch upon the length

of the program and the level of the courses (undergraduate) would

not alter the nature of the program. As one student said, "There

werea lot of wonderful things being taught, a lot of knowledge

available." The project has succeded in making this knowledge

accessible.

Ouestionaires

Twenty-four matched pre- and post-tests were subjected

to data analysis. Using the Statistical Package for the

Social Sciences (SPSSX), frequency counts on all variables

were obtained for the total sample. In addition, a series

of t tests for paired samples were computed for the total

sample and for males and females separately.

This group of students varied on many dimensions. The

1

11 male and 13 female students ranged in age from 24 to 55.

with 12 students in their 30h. Their undergraduate academic

backgrounds were also diverse. Four students were elemen-

tary eduLation majors, three majored in either history or

biology, two were either psychology or economics majors, and

there was one major in each of the following: chemistry,

English, art, mathematics, sociology, anthropology, politi-

cal science and home economics. About 607: hold the B.A.

1 Physics and Mathematics

1U
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degree as their terminal degree. The others have master's

degrees Their appraisal of the quality of their own under-

graduate work was "average" (N 12) or "above average"

(N 11). Only one said his/her work was below average.

More than half (n 14) received their degrees from the City

University of New York, with the others divided among sev-

eral state and private colleges.

Nineteen of the 24 students are currently teaching.

All have taught from 1 to 26 years, with about half the sub-

jects reporting that they have been teaching at more than 5

years. Most of the students are teaching at the secondary

level, with 9 at the junior high school or intermediate

level and 8 at the high school level. Only 3 are currently

teaching in an elemeatary school. These students teach a

wide variety of subjects with the greatest number (N 9)

teaching mathematics, although none are state certified or

licensed. Eighteen of the students were in the mathematics

component and six in the physics component of the program.

When asked to check their reasons for applying to this

program (see Table 1), the factor selected most frequently

was long-term desire to teach mathematics or physics, fol-

lowed' by the appeal of the relatively short time span re-

quired to complete the program. Only 8 of the 24 students

said they would be going to graduate school for training in

mathematics or physics without this spe'ial program.
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.Respondents were asked if they would take the New York

City li.:::nsing examinaticn in mathematics or science if it

were offered soon after their completion of the program.

Most (N in 19) said they would, three said they would not,

and three said they did not know. Of the three who said

tliey would not take the test, two said they were afraid to

take it and one felt unprepared. More than half (N m 14)

plan to continue graduate-work in mathematics and physics

upou completion of the prograim.

The final section of the post -test consisted of a list-

ing of the courses i* the program. Students were invited to

evaluate each course by checking the letter grade from A to
....

F that case closest to describing their overall evaluation

of the courses. (See Table 2). The courses were evaluated

very positively by the students with "A" being the modal

rating. Most courses were rated either "A" or "B" with very

few "Cs," "Ds," or "Fs."

Another comparison (Tables 3 and 4) was made between a

number of items which appeared on both the pre- and post-

tests. Twelve aspects of the program or services offered by

the university were rated on a scale of "1" to "5" by the

students. A rating of 1 represents "very satisfied,"

2 means "somewhat satisfied," 3 is a neutral response and

4 and 5 represent "somewhat" to "very dissatisfied."

Table 3 compares frequencies of ratings on each item for the
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pre- and post- tests. This table shows an initially high

rating of several important elements of the program. Among

the highly rated items were those that referred to faculty

attitude and faculty teaching ability, closely followed by

the high ratings given to the educational philosophy of the

program. That these high ratings do not reflect yea-saying

is demonstrated by the much lower ratings of the parking and

dining facilities and other nonacademic services at the

university.

A series of t tests for correlated-means (Table 4) was

generated yielding nonsignificant results on virtually every

one of the program-specific items. This group of students

did not change their initially high evaluation of the com-

ponents of the program or their lower evaluations Of the

other experiences they had this year at the university.

Finally, self-concept items were assessed. Table 5

consists of a comparison of self-assessments of ability to

study or teach physics or mathematics. Students were some-

what more confident of their ability to study and teach at

the time of the posttest, but the differences were not sta-

tisically significant. (See Table 6)

'Classroom Observations

Because nine of the students in the program were al-
.

ready teaching math, the.project director and evaluator
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decided to have these teachers observed in order to begin to

see if there is observable change in teaching behavior which

can be associated with participation in the program. The

observer, a faculty member with experience teaching secon-

dary level mathematics, made two rounds of visits in Novem-

ber and May. Nine teachers were observed the first time .-;4d

eight the second. The observer remained in the classroom

for an entire class period. Using a project developed rat-

ing scale (Appendix 3), each teacher was rated on the same

set of behaviors.

Although the reliability of the observations is some-

what problematic given the fact that there was only one

observer, and the number of observations limited,

the findings suggest that with some :refinements teacher ob-

servation may be a very valuable component of future

evaluations. Table 7 compares frequencies of an array of

behaviors in November and May.. The reader can review the

table by reading from left to right, comparing the frequency

of ratings to detervine specific changes or by comparing

totals i- the various' categories from "1," or excellent, to

"5" to see a general change. Table 7 consists of 15 items

which were included to rate mathematics teaching effective-

ness inthe classroom. The other components of the scale

are not reprrted in this paper because of the weak relation-

ship between the items and the major objectives of the program.

L



The observations indicate an overall improvement be-

tween the two visits. There were many more "needs improve-

ment" ratings and fewer "goods" on the first observation.

This seems to indicate that there is carryover from the

cognitive to the behavior:'_ domain in the classroom!

Content Tests

Content tests were developed in both mathematics and

physics and were administered on a pre-post basis. Pre-

tests were given in November. The post-test was

given at the conclusion of the final course. The degree

of reliability and validity of the instruments was not

determined. Indeed, there are several problems with program

developed measures of this type when used to evaluate the

effectiveness of a program. Since there is no comparison

(control) group, one cannot generally determine the degree

to which knowledge is program related. However, in this

case, it is unlikely that students would have had exposure

to information on knowledge of this type had they not

been exposed to the program.

In addition, when a test is used as a pre-test

there is the problem of sensitization. Again, this is not

viewed as problematic in this instance because the program

is designed to train non-mathematics (science) teachers in

math or science and if the pre-test motivates students to

acquire appropiate knowledge, so be it. Table 8 shows that



there was growth for both mathematics and science students.

In addition, all students who successfully completed the

program had to pass all of the courses. This is another important

indicant of attainment of knowledge in the content areas.

c,
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RECOMMENDATIONS

1. Alternative structural arrangements should be studied.

It might be advantageous to divide the lecture into two

components rather than have students take one four-hour lecture.

At some sites, where the recertification time press is not so

great, a two -year sequence could be followed.

2. The observation component of the formative evaluation should

be expanded. There should be more than one observer and an

increased number of site visits. This is planned for the

second year when students are teaching in license.

3U
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CONCLUSIONS

The objectives of the program as specifieu in the grant

were accomplished. Students did well, gained confidence, and

these changes sees to have carried over to their teaching. The

model appears to offer great promise in the area of teacher

education nationally.

Dissemination sites have been selected, and progress is

ahead of schedule. The project director has enhanc. ' the image

of the project and helped to diffse the training concept through

papers written or presented this year as well as the visitc she

has made to potential sites and state departments of education.
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PROGRAM DESCRIPTION

This is the second year of a three year grant designed to retrain experienced
teachers in the discipline of mathematics. The model, developed at Long
Island UniVersity, represents a structural innovation in teacher training.
Students at Long Island Uneversity begin with a month long refl2sher course
during the summer. The courses have been designed ''ith the needs of
the targeted population in mind.Many of the targeted students have little
formal training in mathematics.

During 1984-85 changes were made in the time alloted to each course and
each session as a consequence of the experience acquired during the firs.
year. Each course was extended from seven to ten weeks. The number of
hours was decreased from four to two on each of the two nights the
courses meet.

EVALUATION, DESIGN AND OBJECTIVES

The two major focuiiof the project during the second year project are
training and dissemination. Therefore, this evaluation will address these
two issues. According to the original proposal the mathematics and science
program was to be replicated at the Long Island University site during
the second year. However, the physics component was discontinued and an
additional dissemination site was added. The plan was originally
to disseminate the model to two Regional Sites. In addf..i n wo more
sites, referred to as National Sites, were to be selected from universities
located in Federal Regions V-X.

TRAINING EVALUATION

In order to evaluate this component
tr. . ject, data were gathered

from a variety of sources: pre-and past - s of content and attitudes,
interviews with project staff, intsrv:ews with former FUSE students,
and a monitoring of project activities.

The pre-test of attitudes and demographic items, (see Appendix ) designed
by the evaluator, was administered in September and the post-test T'-s
given in June. A code was developed se the these pre and post-tests
could be matched without respondents rc- 'ealing their names. This survey
instrument was designed to collect basic demographic data, to elicit
self- concept of ability in the subject area, to determine students'
evaluations of faculty, and their experiences in the program, as well as
their experiences at the UniversIty generally. The post-test was designed
so that comparisons could be made on a number of items. In addition, the
post-test contained a section in which students were asked to give an
overall evaluation of each course they took by assigning grades from
A to F to all program courses. Students were also to be pre and post-
tested in the content areas with a test developed by project faculty.

-1-



DISSEMINATION

According to the initial proposal two sites were to be selected for dissemination
during the second project year. Contacts were made and sites selected.

The model was adopted by the University of Kentucky, the University of
Miami, Beaver College and a suburban school district in, Great Neck New York.
Project directors at the various sites were in constant communication with
the Long Island University project director. The project director visited

each site several times during the project year. At these times she
observed classes, spoke with students and faculty and had meetings with
local project directors, University or College administrators and local
personnel. Local project directors were free to call the director at
Long Island University for help and did.

Local project directors were required to provide progress reports of their

activities. In this way the Long Island University project director was
kept up-to-date with regard to site activities. The Long Island University
protect director also met with local site directori informally several times
over the course of the year when attending regional and national conferences.

Before reviewing the adoption process at each site, it is, at this time,
appropriate to discuss adaptation in the transfer or dissemination of
innovations. In this project, the Long Island University project director
functions as a change agent. She has supported the process of local
adaptation and modification and believes that such a process insures the acceptance

and durability of innovations. At the same time she has accepted the
obligation to protest vigorously any modifications in the innovation which,
in her estimation, compromise its effectiveness. Based upon this evaluators
experiences (with planned change) it is claar thathan attempting te
disseminate complex innovations, such as this one, a structured, and
intensive set of training and monitoring activities is called for. Technichal

assistance, in the form of intensive on-site consultations is essential,
in addition to the financial support, and printed materials which are
traditionally made available. This was well done.

RESULTS

Training: Ouestionnaire

Twelve matched pre and post-tests were subjected t, data analysis. Although sixteen
students completed the program matched questionnaires were not available for
students. Using the statistical package for the social sciences (Spss-x),
frequency counts on all variables were obtained for the total sample. In addition,
a series of t tests for paired samples were computed.

Of the twelve respondents seven were male and five female, Thirty-eight students
applied to the program, twenty-eight were accepted, and sixreen completed.
These students exhibited a large degree of variation on all status characteristics.
Their ages ranged from twenty-three to sixty-one. Three majored in elementary
education as undergraduates; three were science majors; four were social science
majors; one majored in speech, and one mathematics. All twelve had studied
beyond the master's level The students' rating of their undergraduate work was
about evenly distributed between "average" and "above average".



Their teaching experience ranged from one to nineteen years with a mean
of nine years. All respondents are currently teaching in the public schools,
three at the elementary school level; six at the junior high school level
and three in high schools. Three of the twelve were already teaching
mathematics when they started the program.

When asked to check their reasons for applying to this program (see table 1),
the factor selected most frequently by this group of students was the appeal
of the relatively short time span required to complete the program. Only
one of the respondents said they would be going to graduate school for
mathematics without this special program. Respondents were asked if they
had taken the New York City licensing examination in mathematics. One
stident had already taken the junior high examination and five had taken
the senior high test. None had recieved their results at the time the
questionnaire was administered. Since the major objective of participating
in the program is to prepare to become a teacher of mathematics, and in
New York City one must pass a formal licensing examination, to do so, it is
important to a' ermine the tnctent to which students feel prepared to take
the examination. Subjects were asked to check the category whic;:. describes
how prepared they feel. Wenty-five percent of the students responding
felt "very well prepared"; 58.3% said they felt "somewhat well prepared";
16.7% checked "not very well prepared" and none agreed to "not at all
prepared^. By the time the post-test was administered, half the students
were teaching mathematics, four at the junior high and two at the high
school level. An overwhelming 91.7% of the students said they "plan to
be teaching mathematics next year." Many of these students (50%) plan to

continue graduate studies in mathematics 41.7% said they "did not know,"
and only 8.3% do not plan to continue their studies.

One section of the post-test consisted of a listing of the courses in the
program, including the refresher and the workshops. Students were invited
to evaluate each course by checking letter grades from A to F that came
closest to describing their overall evaluation of each course (see table 2).
Courses were evaluated very positively with "A" being by far the most
typical rating of all courses in the program. There were no D or F ratings
and only two isolated ratings of C.

Comparisons were made (see tables 3 and 4) between items which appeared on
both the pre and post-tests. Twelve aspects of the program or services
offered by the university were rated on a scale of "1" to "5" by the students.
A rating of 1 represents "very satisfied", 2 means "somewhat satisfied",
3 is a neutral response and 4 and 5 represent "somewhat" to "very dissatisfied".
Table 3 compares frequencies of ratings on each item for the pre and nost-
tests. This table shows particularly high ratings for faculty teaching
ability and attitude which were maintained throughout the year.

A series of t tests for correlated means (table 4) was generated yielding
nonsignificant results on virtually every one of the program specific items.
This group of students did not change their initially high evaluation of
the program or their lower evaluations of services.

Finally, self-concept of ability in mathematics and teaching were measured.
Table 5 demonstrates growth in both these areas. The results for self-
confidence of ability in studying were significant at the .05 level.
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Content Tests

Content tests were developed by project faculty and were administered at the
inception of the program and again after the students had completed all courses.

Both tests consisted of thirty items which were lesi7,ned to be a reliable
reflection of the content domain.

Accordlrg tc el-: project personnel, the tests are parallel forms. Sixteen
students completed both tests. The difference between pre-test scores and
post-test was highly significant (See table 7). Despite the lack of a comparison
group, we can be fairly confident that his group of students would not have achieved
the results they did, had it not been for the program.

A 0.4
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Dissemination

Tile evaluator reviewed all written communications made between local sites
and the Long Island University project director. In addition, the Long
Island University project director and local project directors were inter-
viewed by the evaluator using an interview schedule which included
both closed=ended and open-ended itsms.

--Tniverrity.af-Miami

Dr. Gilbert Cuevas is the project director. His role is to coordinate
program activities, act as liason with the Dade County public schools
(DCPS)and coordinate the recruitment of students with DCPS. Dr. Cuevas
developed a flyer describing the project, eligibility requirements for
participants. and course content and schedules as well as an application form.
nese materials were made available to prospective applicants. Dr.
Cuevas has been actively involved with adapting the program to his setting.
One major adaptation or change has been the elimination of a second calculus
course. The faculty and students at Miami did not think another ca72ulus
course was necessary. They have added more modern mathematics and analysis.
The first cycle at this site will be completed this coming June (1936).
Changes were made in the schedule and timing of courses to meet the needs
of the students.

Nineteen students began the program. At this time only six remain. The
reason for the large attrition rate, according to Dr. Cuevas, is that the
DCPS system has begun to offer an in-service program which is tuition-free.
This program allows teachers to add-on secondary school level mathematics
to their certificates. The program consists of a series of workshops
covering topics ranging from general mathematics to probability and statistics,
including calculus. The program is unique in that participants can obtain
teaching credentials in mathematics without having to earn college credit
and at no cost to them. The process is administered by the public school
system. The major obstacle to retention at Miami is this competing program.
Of the seven students that have continued, two are elementary school teachers
who want to obtain certification in mathematics and the remaining five are
secondary level teachers who want to review or add-on mathematics to their
certifica:es.

In order to overcome recruitment problems, strategies are being discussed
to reestablish a level of collaboration between the Miami project and DCPS.

Dr. Cuevas reported being very pleased with the faculty teaching the courses.
He also found the Log Island University syllabi which were made available
to him to be very helpful. An additional positive outcome which has resulted
from their involvement is that the Department of Education and Mathematics
have become much closer than they were previously. Dr. Cuevas intends to
continue the program. The second class is starting in October. He reported
being very satisfied with the assistance he has been-receiving from long
Island University.
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Beaver College

Dr. R1.hard Polis, Dean of Graduate Studies, is the Director of the project

at Beaver College. Dr. Polis has made sever'l adal.4-ations. Among the
admissions requirements is a 3.0 undergraduate average and two courses in
mathematics, one of which must be calculus.

Because of these high requirements they have decided not to of_er a refresher
course. Beaver does not offer the first calculus course. In place of the
second calculus course they have developed two selected topics in mathematics:
the first course is MA-505, Probability and Statistics, and the second
course is MA-510,Euclideanu- and Non - Euclidean Geometry. Their final course,
MA.-52C is Introduction to F)dern Mathematics.

According to Dr. Polis, only eighteen applied to the program because of
limited lead Uwe. Seventeen were admitted. Two dropped because they
found the program "too easy". These students had more mathematics in their
background than the other students. A third student dropped out because
her background was too weak and one student left because of family problems.
Thirteen of the original students remain. One new student has been admitted.
E'even of the students are female and three are male. Ten of the students
are between 30 and 40 years of age. The remainder are between 40 and 59.
Dr. Polis believes the selection process and criteria they have adopted
is excellent and is at least partially responsible for the high rate of
success of the students at Beaver. Re sees the adaptions they
have made as enhancing the model and believes it is improtant to require
the course in calculus for admission. He is "very satisfied" with the
quality of the students and the faculty teaching the courses. Dr. Polis
is also very pleased with the services provided by Long Island University.
He saiu, "I can get on the phone at any time and get answers".

The chairman of the mathematics department at Beaver believes that the
program may be better that the traditional retraining program they have
used in the past. The scheduling of classes has been very flexible.
They have not stuck to the traditional calendar but instead worked out the
programming with the students. Math 501 was not offered twice a week.
Instead they opted to offer it over a sixteen week period because of their
belief that the first course that a student takes is crucial. They felt
that giving more time to this course would allow them to offer future
courses in more compact time frames. MA502 and 503 were offered in the

summer. The fourth course MA505 - Selected Topics in Mathematics (Probability
and Statistics) is being offered in the Fall. This will be followed by
the last two courses, MA510 and MA520 this spring.

In the future, Dr. Polis plans to institutionalize the program as a tv4o
year(including summers) sequence.

The studentsat Beaver differ from those at the other sites in one out-standing
way. Most are not currently working. Many are certified but are re-entering
the profession after a long hiatus. If a student is already certified
in Pennsylvania there is no scheduling problem. But if the student needs
more than this (in terms of course work) scheduling becomes a problem.

Steps toward the institutionalization of the program have already been

taken. Two of the project courses are being offered to school teachers
in the Philadelphia public school system. Dr.'Polis points to the fact that

Philadelphia's support in the form of using state funding to pay for



the courses, is a tribute to the work"they have done at Beaver College and

the "good press" the Long Island University program has had in the areas
Another indicant of institutionalization is that the courses are in the

graduate catalogue for 1985-86.

A further example of Beaver's commitment to the program is that Beaver

College has reduced the tuition far each of the mathematics courses to

$300.00. This means that each student over the course of the program will

receive a savings of $765.00. Dr. Polis points to this as an example of

institutional commitment to the program.

Dr. Polis is very happy with the program. He has received excellent f,ed

back from a variety of sources. Students are pleased with the qua'ity of

the program and the teaching and individual guidance they are receiving.

The chairman of Cabrini College wants to implement thP program at his school.

The school district of Philadelphia, as mentioned earlier, has asked that

Beaver offer the cources for their teachers Pald the Chairman of the Mathematics

Department at Beaver is on record as stating "this program is better for

training mathematics teachers than our traditional mathematics major program."

University of Kentucky

The University of Kentucky htes completed its first cycle. There are no

plans for instutionalization at this site. Several obstacles to the

'successful implementation at the site are apparent, The most outstanding

has to do with lack of clarity. Almost from the outset there was a lack

of clarity concerning the nature of the innovation. Because of this students

were unclear as to what was expected of them as well as what the outcome of

the program, espr_ially concerning certification was to be. This lack of

clarity spread to the program people as well, who seemed not to understand
the essential distinction between the model and a traditional program in

mathematics. Therefore, from the point of view of the Long Island project
director, the modifications which were made in the program were not acceptable.

It is understandable that the adopting organization should want to modify

the innovation so it fits into the organization easily. However, the

clange agent has an obligation to protest vigorously any modifications
in an innovation that are perceived to compromise its effectiveness. The

Long Island University project director understands this responsibility
and has acted upon it. In this instance, the lack of clarity discussa
was txacerbated by a change in project directors early in tht, program.

Initially, 33 students were accepted. A decision was made to accept all

eligible applicants for the refresher and survey of mathematics courses.

Twenty-two students completed this sequence. There were 16 women and

6 men. 19 have master's degrees. 10 have elementary certification with

the remainder in a variety of secondary fields. The averag' age of the

students is 35 within a range from 23 to 56.

Near the end of summer 1984, the original local project director resigned
to accept another positionl Professor Stevens of the Department of Curriculum
and Instruction assumed the duties of site director. Twenty students
(eighteen from the summer workshop and two new students) enrolled in MA502A.
F'urteen students completed the course and went on to MA502B. Thirteen
students completed MA502B. Reasons for attrition include: conflict with
work, pace of classes, frustation related to changes in the program as original.y
described, perceived discrepencies between program objectives and program
classes and frustation over differences between project courses and the
number and typeof courses required for certification. The thirteen students
who completed these did well. Students reported working very hard. As
early as the October site visit, Dr. Long and Professor Nicolakis of Long

ThyThe problem began with the resignation of the director.

unwilling to deal with the semi-reluctant faculty.

1,
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Island University,:expressed concern regarding the "traditional nature" of the
courses at U.K., the problems related to the pace, and the extreme departure
from the model. In addition, the lack of clarity as to certification require-
ments created unnecessary confmion, frustration and hostility on the part
of the students.

The major accomplishment of this project at U.K. is that thirteen students
will be certified tc teach mathematics in Kentucky.

Great Neck

The Great Neck site differs from the three university sites. There the
program is being offered by a suburban public school system to its teachers.
The school system has been paying teacher's tuition. This is a very interest-
ing alternative delivery system

Recruitment at the Great Neck site was non-traditional. The University did
not screen teachers or request that they intend to teach at the secondary
level. All interested applicants were admitted and allowed to go as far as
they wished toward the completion of the program. Twenty-two students
completed the first course. The faculty expects eight students to complete
the total program. It should be noted that this group of students had a variety
of objectives, other than certification, which stimulated them to take part
in the project.

The Great Neck teachers vary from the traditional university based population.
in several other ways as well. All are fully certified for their current
positions and tenured. By and-large they are satisfied with their teaching
assignments. Their main objective for taking the courses had to do with
strengthening their understanding of mathematics rather than preparing for
a change. According to their instructor, the teachers worked very hard
during the summer course (refresher) and in the Fall, when they took the
pre-calculus course.' A large number of teachers dropped out after the
refresher course; despite the fact that most had received final grades of
"A". The major reason they gave for discontinuance was heavy work loads.
The quality of the work of this group of teachers was exceptional. Many
topics were treated in greater depth at the Great Neck site, at the request
of the students (teachers). Their instructor was impressed with the level
of the students and their ability to undertake this rigorous program. The

superintendent of the Great Neck schools attended classes as well L-id

served to inspire the class by setting an example of serious scholarsh4p.
According to the instructor, these students would be excellent candidates
for teaching.

The experience with this group of pria.rily elementary school teachers
indicates a need for buttressing the level of knowledge of teachers in
mathematics at the elementary level.

Disseminating Results

The Long Island University project director has been an active disseminator
of information about the project. She has spoken to groups or delivered
papers at approximately twelve annual meetings or conferences over the
1984-85 year. In addition she has visited many colleges, universities
and local school districts. She has functioned not only as a formal change-
agent for each local sire, but also as a gate-keeper of information which
she has tirelessly shared with all interested parties. Her efforts have
enhanced the program immeasurably.

Many of the teachers never intended to complete the extire course.



Through her efforts, additional funding has been obtained from a New work State Education
Department grant (Title II, Education for Economic Security Act). This money is being

used to support the grant efforts. It is targettad for student aid, stipends and text-

book allowaace. The award provides further evidence of the success of this project.
Financial backing has also been received from the New Jersey Department of Higher
Education to support an additional site, Trenton State College.

Selection of New Sites

The number of new sites selected for 1985-86 exceeds that which was in the original
proposal. The mattematics program is being offered for the first time at: Arizona State
University; Texas Woman's University; Western Oregon State College; and at Trenton State

College. In addition, the Portland public schools are adopting the innovation. The

University of Northern Colorado is a site for the Physics model.

The home-site (Long Islard University) has accepted a new class and the mathematic's
program is bcting continued at the regional sites (except U.K.) for a second year. This

represents a departure from the original proposal. A second departure from the original
model is the decision to hold-off on the development of an English model at this time;
at the suggestion of_FIPSE.

Conclusions

The objectives of the program for the second year, as specified in the grant were for the
most part accomplished and in some instances exceeded. The dissemination efforts have

been particularly successful. Local project directors were unanimous in their support
for the project generally and for the specific, personal quality of the assistance they
have received from the Long Island University project director.

At this time the local project directors feel they have a support system or network
which has come out of their formal meetings as well as the informal meetings which
were held at various conferences. They are hopeful that his network can be institut-
ionalized. All dissemination sites have, or will be "graduating" a group of students,
(approximately 80) many of whom will be fully certified to teach in their states. The

experiences of the second year demonstrate the adaptability of the model in that it has
been successfully transferred to new sites. The experience obtained has also pointed
to potential obstacles to the successful implementation of a complex innovation. The

project director is more aware than ever of the importance of the local project director
as an agent of change and the need for clarity on the part of all involved. The

project director has continued to enhance the image of the project through her formal
and informal diffusion activities.

Recommendations

1. In light of the continued need for teachers in mathematics, alternative sources of
financial support for students, should be explored at the local school district,
and state levels.

2. If an appropriate norm referenced test is it should be adopted. This

would overcome the problems associated with attempting to draw conclusions without

comparison (control) groups.

-0-



3. More time should be given, if possible, to topics in geometry and trigonometry.
Students feel least secure in these areas.

4. There is a need for materials (texts) which reflect the content of this program.
Perhaps, funding can be sought for such a purpose.

5. The program should be coordinated with a Master's program for those students who

wish to continue their studies and earn a degree.

6. It would be tunctional to institutionalize the "network" which has developed across
sites by provVing the opportunity for bringing site directors together.

!--)
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Table 1

Reasons for Attending

Reason aumber Selecting

I nf.eded a change 3

To help me get a job 2

The opportunity to complete a
retraining program in a relatively
short time appeals to me

5

I always wanted co rich 3

mathematics

To help me get a job in a
. secondary school 4

The tuition is affordable 1



Table 2

Student Rating of Course

A

(Number, Percent)

B C

Mathematics 501 10 2

(83.3) (16.7)

Mathematics 502 10 2

(83.3) (16.7)

Mathematics 503 11 1

(1.7) (8.3)

Mathematics 57G 5 6 1.

(41.7) (51',.0) (8.3)

* Mathematics 538.1

Workshop 9 2 1

(75.0) (16.,) (8.3)

Refresher 11 1

* Not taken at time of survey
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Item

1. The educational
philosophy of

this program

2. My experience
(general) at
L.I.U.

3. Counseling

4. Faculty Teaching
Ability

5. Faculty Attitude

6. Level of Courses

7. My Performance

8. Non academic
Services

9. Transportation

10. Parking

11. Dining

12. Library

Table 3

Student Rating of Program and Services

Pre Test Post Test

1 2 3 4 5 1 2 3 4 5

83.3 8.3 8.3 0.0 0.0 41.7 50.0 0.0 8.3 0.0

50.0 33,0 8.3 0.0 8.3 41.7 50.0 8.3 0.0 0.0

33.0 25.0 41.7 0.0 0.0 16.7 25.0 50.0 8.3 0.0

83.3 8,3 0.0 0.0 8.3 58.3 33.3 8.3 U.0 0.0

75.0 16.7 0.0 0.0 8.3 75.0 16.7 8.3 0.0 0.0

66.7 33.3 0.0 0.0 0.0 50.0 41.7 8.3 0.0 0.0

66.7 25.0 0.0 0.0 8.3 58.3 41.7 0.0 0.0 0.0

16.7 8.3 75.0 0.0 0.0 8.3 41.7 33.3 8.3 8.3

25.0 33.3 25.0 16.7 0.0 16.7 25.0 25.0 16.7 16.7

8.3 16.7 50.0 16.7 8.3 0.0 0.0 50.0 25.0 25.0

0.0 0.0 83.3 8.3 8,3 9.0 41.7 58.3 0.0 0.0

0.0 33.3 58.3 8.3 0.0 8.3 16.7 75.0 0.0 0.0

Ratings 1=very satisfied 2=somewhat satisfied 3=neutral

4=somewhat dissatisfied 3=very dissatisfied
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t-Teets for Student Ratings of Programs and Services

Item N Pre-Test Mean Post-Test Mean t-Value Probability

Educational philosophy .12 1.42 1.75 -.70 N.S.
of this program (1.17) (.86)

My experience (general) 1.12 1.83 1.66 .41 N.S.
at L.I.U. (1.19) (.65)

Counseling 12 2.08 2.50 -1.1 N.S.
(.90) (.91)

Faculty teaching ability 12 1.42 1.50 -.20 N.S.
(1.16) (.67)

Faculty attitude 12 1.1'3 1.33 .41 N.S.
(1.17) (,63)

Level of Courses 12 1.33 1.58 -1.15 N.S.
(.50) (.67)

My performance 12 1.58 1.42 .41 N.S.
(.17) (.52)

Non-academic services 12 2.58 2.67 -.23 N.S.
(.80) (1.07)

Transportation 12 2.33 2.92 -1.40 N.S.
(1.07) (1.38)

Parking 12 3.00 3.75 -1.91 N.S.
(1.04) (.86)

Dining 12 3.25 2.58 3.55 **

(.62) (.51)

Library 2.75 2.67 .27 NS.S
(.62) (.65)

...41Silinific ant beyond the .01 level
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Table 5

Self Concept of Ability Ratings
1412

(Percent agreement)

Item Response Pre-test Post test

When I think about studying
math I feel:

Very Confident 8.3 41.7

Somewhat Confident 50.0 41.7

Somewhat Insecure 41.7 16.i

Very Insecure 0.0 0.0

When I teach math I f^e1: Very Confident 25.0 33.3

Somewhat Confident C,6.7 66.7

Somewhat Insecure 8.3 0.0

I never teach this
subject

0.0 0.0
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Table 6

t-Tests for Studetn Self Concept Items

Item N Pre-test Mean Post-test Mean t-Value Probability
(SD) (5D)

When I think about
studying math I
feel

12 2.33

(.65)

1.75

(.75)

2.55 *

When I teach math 12 1.04 .49 1.30 N.S.
I feel (.30) (.14)

r
61)



Table 7

Mathematics Content

N ... 16

Pre-test Post-test

Mean 8.8 23.7

Meadian 8 23.0

Range 4-18 21-27

r '
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moo P LOD* ISLAND UNIVERSITY

The Hellman Academy for Mathematics and Science Teacher Education Retraining

Inventory Test for Math

Version A

1. If the reciprocal of x + 1 is x + 1, then x

1. is 1 or -I 2, is 0 or -2

3. is undefined 2
4, has an infinite number of values

0

2. If x the value of 3x j + 2x is

11
1.

4 2. 14

2.
7

4, 13

2. If set A has k elements, the total number of subsets of A is

1.
,k 2. 2

k-1

2. 2
k

-1 4. 2
k

+1

If an automobile travels 80 miles at the rate of 20 miles per hour
and then returns over the same route at the rate of 40 miles per
hour, the average speed in miles per hour for the entire trin is

25 2. 30

4. 60

Point P is any point on side AB of paralleloqram ABCD. X,Y, and

are the areas of the triangles formed. The ratio of the sum of the

areas ofA:: and 0' to 8Z is

I. 1:1 2. 1:2

2 :1

page 1
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.7" One of the roots of x- - x2 + x + 3 = 0 is

1. i -1 2. i %a +I

3. 2iJ2 -1 4. 147
2a -b

7. If a * b is defined asi77b, what is the value of 3* (3 * 3)?

1.-- 4 2.
1

7
2

u -11
4. 27

7--

E.:f the domain of x is all real numbers, which of the following
relations is also a function?

1. f (xsy ) I x=y2 +2 3 2. f ( ,i) J y= x2 -2 3

3. f (xa ) I x2 = 2-y23 4. (x,y) J y x-2 3

9. Solve for x: 3-2x 7

1. -24 x (5 2. x) 5 or x <-2

. -5 x 4. x)2 or x <-5

10. In the diagram shown, equilateral triangle ABC is inscribed in the
circle and equilateral triangle DU is circumscribed about the circle.

If the' difference of the areas of these two equilateral triangles is
24, tInich of the following represents the area of triangle ABC?

1. o
u

. 12
14. 16

E

11. The oraph of the equation y =

F
cos 3x has a period equal to

CI.. 2 e).-
2 . -711 radians 2. -

3
-- I I radians

3. 3 radians

Find lim sin x
x

x 0

14. 3 11 radians

14

parte 2

(,-;

does not exist



A sack contains
for color. Two
The probability

le

5 blue marbles and 4 red marbles, identical except

marbles are removed at random without replacement.

that the two match in color is

7.1:. Given that p is false
false?

1. py!

2.pop4q

= ...L. "brother

1. The
2. The

The
The

2.

and q is false. which of the following is

2. p4

4 pH>

is a relation, which of the following statements is true?

relation is reflexive, symmetric and transitive.

relation is transitive but not symmetric.

relation is reflexive but not transitive.
relation is not reflexive, not symmetric and not transitive.

16. Set A contains exactly 25 points, no three of which are collinear.

The total number of line segments which may be drawn connecting

pairs of points in A is

"7
I

1. 1 2. 300

600 4. 625

In A ABC, a = 3, b = 4, and m.c -4 120. The length of side c is

1. 413 2. 5.., . 47 4.jr"
...

Tf the edge of a cube has u1:1.6 length, the4e the length of the diagonal

of the cube is

IT; 2.

3.
4. 417

Ftr any real value of x, the maximum value of the function y = 22 is

c..
2

5

4

_Jamie



.11.11m

dv
20. If x3 + y3 =3x:7, then .et

1. x2 y-0 2. X-7

--Iaze

Y--x

21. The multiplicative inverse of 1 + 2i in a+bi form is

1 2
1. - + im- 2. -+ + 5 -ii

.:k 7
1 2 .2.

i.4. 5 - 5
..: T i

b 1
..,

22. If x
5r
±y =-

2
what is the vlaue of 4?

2. -1

4. -5

21. An equation of a line perpendicular to the line x-y=3 and passing
through the point (2,'3) i.e

1. 2x - y = 1 2. x 41. y = 5

3. y - x = 1 4. 3y - 2x = 5

24, The value ul m in logira

=

- loge
2

3.

1

2

16

2.

4.

2

4

Two circles of diameter 24 ft. and 54 ft. are externally tangent.
?ind the length of one of their common external tangents.

2. 18 ft.
4. 36 ft.

page 4
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1

26. The area bounded by the graph_ of f(x) ='°!""A

the line- x = 2 and x = 3 is x4

1

1.
2. --

6-74-

1

43.

( x) 0), the x = axis and

27. Two namespach associated with a surface that can have only one

side, are

1. Euler, Jordan

3. Klein, Moebius

2. Jordan, Klein

4. Moeius, Euler

28. In the accompanying figure, ABCD is an isoscels tranezoid. Bases AB

and DC are 30 and 18 respectively, and leg BC=10. At and BC are

extended to meet at E. Find the area of triangle DEC.

1. 72 2. 80

3. 108 4. 120
A

29. The graph of (x, y)1 ax
2 + by- - c3 Where a, b, and c, are real

numbers, CAN Y)T be a

1. circle
2. ellipse

2. parabola
4. hyperbola

n

The series represented by 2: (2k-1) is equal to

n
2 2. (n 1)

2
d

3. n
2

4. n (n +2.)

Daze 5
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PROGRAM DESCRIPTION

This is the third and final year of a three-year grant

designed to retrain experienced teachers in the disciplines

of mathematics and physics. The model, developed at Long

Island University over a period of many years, represents an

innoration in teacher training. The primary objective of tae

model is to train teachers from other disciplines and/or

grade levels as secondary school teachers of mathematics and
r

science.

AS stated in the original proposal, the plan was to

disseminate the model to two Regional Sites and then to two

National S.ktes, to be selected from Universities located in

Federal Regions V-X. The characteristics that distinguish

this model from a more traditional teacher training program

are tt.at the curriculum, a graduate program, assumes little

or no prior knowledge of mathematics and/or physics and

proceeds to cover, in matnematics, for example, elementary

algebra, geometry, trigonometry, differential and integral

calculus, a course whose topics include number theory, logic,

probability, projective geometry and topology. The design of

the calculus sequence is intuitive and stresses applications.

A similar modualar approach applies to ele physics model.

The structure, or delivery system, of this intensive

program is to present the courses in a sequential ma'Aner to

the students who go together as cohorts from course to course

4
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EVALUATION DESIGN AND OBJECTIVES

The major focus of this year's evaluation is to

determine the extent to which the program has been

disseminated. Thus, the evaluation is primarily formative in

nature as it describes the implementation process at each

site. In addition, some ,aummative data is provided. During

the second year of the grant (1984-85) the model was

successfully adrpte.A (see 1984-85 evaluation report) by the

University of Aentucky, the University cf Miami, Beaver

College and a suburban school district in Great Neck, New

York, as well as continuing at the origiaal Long Island

University Site.

During 1985-86 several sit continued their

implementations, I.e. Beaver College, University of Miami and

Long Island University. In addition, six new sites adopted

the model: Arizona State University, University of Northera
*

Colorado, Portland Public Schools, Texas Woman's University,
*

Trenton State College, and Western Oregon State University.

As in past years, the local site directors were in constant

communication with the Project Director. The Project

Director visited each site. these times she obsertred

classes, spoke with students and faculty and had meetings

with local project directors, university or college

administrators. Local project directors were encouraged to

* self supporting
** Supported in part by funds from New Jersey Department of

Higher Education.

6



call the director at Long Island University when they had

problems or wanted to discuss the progress of the program at

their sites. Local project directors were required to

provide progress reports of their activities. In this way

the Long Island University project director was kept up to

date with regard to on-site activities and monitored the

financial aspect of the program. The Long Island University

project director also met with local site directors several

times over the course of the year when attending regional and

national conferences.

min COLLECTION

Data for the evaluation was gathered from a variety of

sources. The Project Director was interviewed several times

over the course of the year. In addition, local site

directors were interviewed.

Several paper and pencil instruments were designed. All

local directors received a package of questionnaires and were

instructed to complete the director's questionnaire and to

administer the survey instrument to the students in their

program. Local directors were also asked to give a specially

developed faculty questionnai-- to faculty teaching in the

program. Faculty were asked to send the questionnaire

directly to the project evaluator in order to preserve

confidentiality. The Long Island University group completed

two instruments: one at the beginning of the academic year

and one at the end. Only one director, from Arizona

7



State, failed to return the evaluation materials as

requested.

The following sections of this repori. summarize the

results of this data collection effort. First the evaluation

of directors, faculty and students are reviewed. Then a site

by site review is presented.

RESULTS

Director's Evaluation of program

In order to evaluate the program, local directors were

asked to evaluate several aspects of the program. Table I

presents the director's assessment of the reasons for

attending. The most significant reasons for leaving had to

do with the academic aspects of the program. Directors felt

that for some students the time demands proved to be

excessive, the pace was too fast and the work too difficu2t.

When directors were asked to rate various aspects of the

program at their sites (Table 2) they were generally

satisfied with most aspects ofthe program. All directors

reported being "very satisfied" with the teaching faculty.

Local directors were satisfied 'Fitn the services provided by

the Long Island University director and with services

provided locally. Directors were also asked to evaluate

variables which, if problematic, would explain failure to

implement. The major problem areas were financial, student

recruitment and student retention.

8



An assessment of a program such as this one, where model

dissemination is the object,ve, must examine the degree to

which plans have been made to

the program into the sturcture

institutionalize or incorporate

of the local organization. To

address this question, directors were asked to evaluate

services they felt were needed to continue the program.

Financial assistance was r cceived

for continuance.

Finally, the directors were asked

to continue next year. (Table 5) Si

"Yes." The seventh, Miami University,

as being "very important"

if they had made plans

x of the seven said

is a unique case in

that the Dade County Public Jchool system is offering their

own, tuition-free, retraining program which in addition to

not costing the students anything is far le ss rigorous in

nature, and for ' ich students are paid to attend.

The fact that the program is 5eing institutionalized in

the majority of sites speaks to the success of th

7t especially addresses the issue of adaptability.

program.

The model

(innovation) has been adopted, implemented and is now being

incorporated in a very varied group of colleges, unive

and public school districts throughout the country.

Faculty Evaluation of Program

Ten faculty members from six sites (Trenton, Portlan

rsities

ci,

T.W.U., Miami, Oregon, Beaver) completed the Faculty Site

Evaluation Form (See Appendix 4). Six of the ten hold the

doctoLate in mathematics and the remaining four have

master's degrees in mathematics. All majored in mathematics.

9



Five of the faculty are full-time members of mathematics

departments. Four are adjuncts in the mathematics department

and one is an adjunct in the Education Department.

The faculty were presented with a series of questions

designed to assess the degree to which the model has been

implemented at the various sites and to give the faculty the

opportunity to rate the students in the program as well as

the local site directors. In addition, faculty were asked to

respond to several open-ended items. When asked to what

extent the course or courses they taught had been modified

from what they were initially presented with, six of the ten

respondents checked "not at all" and four only "somewhat."

There =eared nat ta 12A A need IAL major, course revision At

lin a thg sites. Faculty were asked to think back to the

way the program was initially described and to give their

opinion al to whether or not this initial description

accurately reflects the program. The respondents were

unanimous in their affirmation of the fit between description

and that which is being implemented. This speaks to the

clarity of the innovation and demonstrates that the L.I.U.

Project Diretor clearly explained the model to each site

director, who in turn was able to communicate effectively

with project faculty at the sites. Witt.wit clarity,

implementation is unlikely. Therefore, this key aspect of

the L.I.U. Project Director's role in the dissemination

effort can be viewed positively.

Faculty rated their students and their 1.ocal project

directors. For the most part faculty ratings of student

10



motivation, attendance and attitude toward the professor was

outstanding. The majority gave an "A" rating to these

components of the student pole. Performance in class and on

exams were primarily in the "B" category. The only area to

receive "C" ratings was the area of mathematical background

and this, of course, reflects the known limited background of

the students.

Using the same rating scale (A to F) faculty were asked

to evaluate the abilities and activities of the local project

director. The model response across categories was "A."

There were no ratings below "B." This faculty group has a

very, favorable and positive attitude toward the ability of

the director at their site. Moreover, their ratings signify

that the directors played their roles adequately. This too,

was an important factor in explaining the successful

implementation of the model at the various sites. Earlier,

clarity of the innovation was alluded to. Apparently the

local directors' accessibility to faculty and students, their

supportiveness and knowledge were important aids in the

implementation process. The L.I.U. Project Director should

be cited for her astute selection of sites and local

directors. This is another key to successful adoption of

innovations.

Students' Evaluation af program

Questionnaires (see Appendix 5) were distributed and

collccted from 72 students in five sites (Trenton, Colorado,

Portland, T.W.U., Beaver) in addition to a separate



questionnaire (see Appendices 1 and 2) administered to

students at L.I.U. Of the seventy-two student respondents,

26 were male and 46 were female. They ranged in age from 24

to 51 with a mean age of 36.8 years. Their undergraduate

educational background revealed a great degree of variation.

The greatest number of students (19) majored in elementary

education followed by biology (13). The remaining students

majored in history (6), English (5), mathematics (3), and one

or two in each of the following areas: chemistry, physics,

speech, art, philosophy, special education, industrial arts,

architecture, economics, business, geography, psychology,

music, and political science. Almost 40% of the students in

the sample already had a master's degree. When asked to rate

the quality of their undergraduate work, 65.7% said they were

"above average." Not one student checked "below average" on

this anonymous and confidential questionnaire. 88.8% of the

students are currently teaching. This group of students'

number of years teaching experience ranges frem one to

twenty-four years. Most of those who are currene teaching

have been in their fields for a relatively long time. Their

average years of service in their current position was 7.07

years. The level of teaching for those currently employed in

the profession also varied. Forty-two percent were teaching

at the senior high school level, 5.2% at niddl2 school, 35%

in junior high school, and 17.4% at the elementary level.

Most of the FIPSE population in this sample were teaching at

the secondary level. Of the secondary teachers, 74.5% were

12
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already teaching mathematics or science.

A series of items were included to determine students

reasons for attending this special prrram. The students in

this sample were drawn to the program not only by desire to

teach a particular subject, but by the time period necessary

to complete the retraining, the desire to obtain

certification and the affordable tuition. Only 20.8% of the

students surveyed said they would be going to graduate school

if not for this special program. Fifty-six point nine percent

said they would not be attending and 22.2% did not know.

Students' response to this item demonstrates that the

appropriate target group was reached.

A final question in this section of the questionnaire

asked the students to think back to how the program was

initially described to them. They were then asked how

accurately the program reflected that initial description.

The answers to this question, if affirmative, demonstrates

that the program, c described in the recruitment phase has

been implemented. 85.2% of the students said "yes."

The students in this phase of the program were

generally confident with respect to their perception of their

own ability to study mathematics (physics) at a university as

well as fairly confident of their ability to teach the

subject (see Table 7-8). The last of the series of close-

ended items asked students to evaluate various aspects of the

program a they had experienced them at their college or

university. These items revealed an overall high level of

satisfaction with the program, the philosohpy behind it,

13
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experiences at the local sites, the teaching ability of the

faculty and, foremost, the attitude of the faculty. Although

the program was viewed as being challenging and difficult,

90% of the students were satisfied with their own

performance. Very few ite elicited dissatisfaction.

Indeed, the only item to elicit greater than 10%

dissatisfaction was the rating of the text books assigned.

To summarize, this aspect of the evaluation reveals a

group of students, (the majority of whom were female), with a

wide variety of academic backgrounds but who rated themselves

as average or above average undergraduate students. The

students started out being confident with regard to their

ability to study and teach mathematics or physics. They were

attracted to the program for a multiplicity of reasons.

However, the time-frame was particularly appealing to this

group of experienced teachers from other disciplines. Had it

not been for this non-traditional program and the opportunity

it offered, most of these students would not have enrolled in

a traditional program and there would be that rrany fewer new

teachers in these areas.

PROGRAM kESCRIPTIONS

University of Miami

The School of Education and Allied Prof,:ssions at the

University of Miami together with the Mathematics Department

has been implementing the Long Island University model for

14
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teacher retraining. The purpose or the program is to provide

teachers with the necess..ry coursework *o prepare nem for

cer..ification in secondary school mathematics.

Most students work in the Dade County Public School

District, the fourth largest in the nation according to the

local director, Dr. Gilbert Cuevas, Professor of Mathematics

ar Computer Education and a member of the Department of

Educational and Psychological Studies in the School of

Education. Twenty individuals, 15 male and five female

applied to the program. All were accepted, but only eight

began and completed the program. Be explains this relatively

high attrition rate as a consequence of the competition from

a similar state funded teacher retraining program offered at

no cost to teachers by Dade County PuPiic Schools. The major

implementation problems at this site reflected this. T1

were f nancial, student recruitme)t and stude.,t retention.

For thee:: reasons the .L.rogram is not curr....itly being offered.

In addition to free tuition, t,%achers are paid their hourly

rates for attending the courses by Dade County. A moat

pos ive effect was the cooperation that developed - never

before there - between the School of Education and Department

of Mathematics.

Arizona S1412 University

Arizona State University is part of a three-university

system governed by the Arizona Board of Resents. '.he Project

Director at thi- site is Dr. Lehi T_ Smith, .rofessor of

Mathematics. This department has a long history of ilose

OW'
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cooperation with the College of Education in the preparation,

of teachers of mathematics.

Thirty -foyer students started the program. Dr. Smith

'en very satisfied with the model. He said, "I am

continually receiving calls from teachers who have heard

about the program and are wondering how they can get in line

to be considered as participants in the next group". Many

lectures have been taped for presentation to Native American

Indians. Students in the program are equally happy with the

opportunity they have been offered. One said, "This is the

only program like this anywhere. I have been waiting for

it.". Another said, "This graduate credit was essential."

(Report Attached)

Deaver College.

TEA-MASTER began at Beaver College in .he spring

aemester of 1985. There were 21 applicants: 17 female and 4

male. Of the 21, 18 were accepted, 14 female and 4 male.

All 18 s_arted the program. Of the eighteen, 11 females and

2 males, or '72% completed. omen asked to explain the

attrition, the director of the program felt it was related to

the pace of the classes, the time (-mends and the difficulty

of the work.

The director was satisfied with 411 aspects of the

program and said that his major reason for adopting the model

is that it was very well designed. The prc)ems he reported,

though minor, were related to difficulty with non-project

16



faculty, student recruitment and student retention. Part of

the problems had to do with timing. He said they did not

have sufficient time to plan and advertise the program. Dr.

Polis, the local site director, used the program as a model

and applied for and was awarded a series of grants totaling

$235,500 by the Pennsylvania Department of Education under

Title II EESA. They will use this money to continue the

prm:ram next year and to apply the model to the retraining of

teachers from other disciplines into chemistry and physical

science. Seventy-five teachers have been selected to

participate.

University a North= Colorado

The University of Northern Colorado (UNC) has been

designated by the Colorado Commission on Higher Education as

the premier teacher education institution in Colorado. The

program at Ur r. differs from that at the other sites in that

the retraining emphasis is physics. The program was

initiated midsummer 1985 and was offered by the Physics

Department. Dr. Paul A. Lightsey, Chairperson, Department of

Physics is the local Project Director. A total of 56

individuals, 32 males and 24 females applied to the program.

31 were accepted (18 male, 13 female). Of the 31, 28

actually started taking courses and 21 completed the program

'15 male, 6 female). The three categories which were checked

by the director to en)lain attrition had to do w-th the

difficulty of the work, the pace of the classes and the time

demands. The director was satisfied with all aspects of the

17



program. He was especially satisfied with the quality of the

students and the faculty. The problems reported, again

"minor", had to do with financial resources and the

availability of materifls. Financial resources to reach a

rural population is a major obstacle to the dissemination of

the program in rural areas. An adjustment the director would

like to make in the future would be to extend the coursework

ovt- two years with more intensity in the summer and less

during the academic year. Another desirable change for the

site, suggested by this director, would be to implement an

intensive on campus summer program with telecommunication

links to rural sites for the acaclemic year portion.

The director has definite plans for continuing the

program next year. He also feels the model could be extended

into Chemistry and perhaps Earth Science and Biology. THA-

MASTER courses will be used as part of an interdisciplinary

master's degree program.

Portland public Bchools

The Portland Public school site of the THA-MASTER is

the only dissemination site this year located in a public

school system rather than at a college or university. The

faculty, both of whom teach part-time at local universities,

are full-time high schoyl mathematics instructors in the

Portland Public Schools. This peer teaching reicionship has

proven to be one of the outstandingly beneficial aspects of

the Portland program.

THA-MASTER was adopted as a consequence of the search

18
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by the then Superintendent of Schools, kr. Peter R. Greer,

for a program which they could use to retrain current staff

to meet the critical shortage of mathematics teachers. Dr.

Greer appointed his assistant, Reginald MacDonall, to head

this effort. Mr. MacDonald is the Project Director. The

program was initiated in August 1985. It was designed to be

a two-year program. The school system is p4y5ng for the

teachers' tuition. Initially, 11 students (5 male, 6 female)

applied. All were accepted and started the program. Nine

students, 4 male, 5 female, are still in the program. The

reason given by the director for attrition was "the time

demands of the program were excessive". The director was

very satisfied with all aspects of the program. The only

implementations problems cited (minor) had to do with

financial resources, difficulty with project faculty, student

recruitment and retention. No changes were made in the

original design. The Long Island University program was

followed exactly.

The Portland School District has already made plans to

continue and to instituticn:Ilize the program. A budget has

been approved and courses have been scheduled.

Texas Woman's, University

The program was initiated at this site during the

second session of 1985. The Project Director is Dr. Rose

Marie Smith, Professor of Mathematics and Chairperson of

Mathematics. Prcal the very beginning, she felt the program

had great appeal.
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Thirty students, 23 female and 7 male applied. Twenty,

5 male and 15 female, were: accepted. Fifteen started taking

courses and 14, 12 male, 2 female, completed the sequence.

Dr. Smith said that the most significant reasons for leaving

had to do with tha difficulty of till work and th., fast pace

of the classes. She was very satisfied with the services

provid0 by L.I.U. and her own university as well as with the

teaching faculty and somewhat satisfied with all other

aspects of the program. She said, The THA-MASTER program is

very supportive of the activities already being pursued by

our faculty, department and university. This was my

impression when I made my initial request to be included in

the pr -)gram. This continues to be my impression." She also

cited as important the way in which the model responds to the

need for mathematics teachers. Dr. Smith found the

opportunity to work closely with professionals from other

areas of the country to be stimulating.

The major problem areas, as far as implementation is

concerned, had try do with financial resources, student

recruitment and retention. She fount that many students need

a :Lower pace to be successful in mathematics. The

modification made at this site was to offer two courses,

college algebra and college trigonometry, before &ntroducing

the calculus sequence. This qualifies the student for

secondary certification in mathematics in the Sta*e If Texas.

Dr. Smith has made plans to continue the progr7.:.1 next

year. She would like to see the model extended to address

20



the need for training elementary teachers in mathematics,

training special education teachers and bilingual teachers.

(Report Attached)

Trenton State College

The program at Trenton State College is housed in the

Department of Mathematics and Computer Science. Dr. Michael

A. Iannone, Chairman, Mathematics and Computer S,dence

Department, is the local project director. Among the

highlights of the program at Trenton are that it is tuition-

free. All courses, except for summer, meet twice a week,

four hours per session for an eight week period. 24 credits

in mathematics are offered. At the end of the program,

asiming the student passes the NTE, they will quali!y for

State Certification. To enable the student to obtain

certification, 2 courses were added. The program attracted

93 applicants. 34 were accepted and twenty-C.1.re completed

the program. Among the explanations offered for attrition,

the most significant was the excessive time demands of the

program. Next most important was the difficulty of the work

and the fast pace of the classes. The director was very

satisfied with the quality of the students and faculty and

the structure of the program. He was alsa satisfied with the

content of the courses, the Long Island University services,

and the services o his college. The only area that he was

somewhat dissatisfied with was the recommended textbooks.

What attracted him to the program was t'lat it seemed to offer

a vehicle to reach his objectives through a tested program.
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"We were able to follow a model which certainly gave us

direction in getting involved in the busirBs of retraining,"

said the director.

When asked to indicate implementation obstacles at his

site, the areas cited were financial resources, availability

of materials, and student retention. Other than adding

courses to assure statewide certification criteria would be

net, no major changes were made.

Plans have been made and funding obtained to continue

the program. (Report Attached)

Western Oregon State College

The Matheatics Department of Western vregon State

College has joined the network of THA-MASTER in order to

train skilleu and experienced teachers who are already

certified in other disciplines.

Oregon's Teacher Standards and Practices Commission for

Ce-tification requires "competencies" in geometry, algebra

and calculus plus two methods courses in mathematics. Most

of the people who are interested in the program have as their

number one objective certification in mathematics as soon as

possible. Scheduling that provides survey and refresher

courses alleviates the problems that entering teachers may

have who have been away from mathematics for a long time.

Many of the participants live in rural school districts

far from colleges and are not aide to take the calculus

sequence in the usual manner during the school year. The

22
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opportunity to meet this requirement by using video-taped

presentations and having regional problem- solving sessions is

a unique element of Western's program. This was made possible

through the FIPSE component of the Hellman Academy. By means

of the instant replay system, key lessons are videotaped and

the syllabi, which include weekly assignments, are provided.

Regional centers are established where local participants

meet eekly for problem-solving sessions.

Twenty-three graduate ctedits in the THA-MASTER program

plus six credit hours meeting state certification

requirements lead to mathematics certification. There is an

opportunity to utilize the coursework in a Paster of Science

program and expand the students' understanding of the full

character of mathematics and its role in society. This site

is unique in that its students are from rural areas and the

problems with getting the courses to students in far flung

areas are different than in urban settings. Much of the work

was done with video taps, especially the calculus.

Thirty-three students, (16 male 17female) started the

program. Only 8, 4 male and :, female, completed. The

director felt the most significant explanation for the high

attrition rate is that the students were not prepared to make

a continuing commitment. The next most important reasons

cited were the difficult: of the work, the fast pace of the

classes and the excessive time demands. He also felt that

the participants major motivation is to obtain mathematics

certification in Oregon. This requires certain spelific

course work. The director feels that some of the students
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elected to take only the part of the sequence needed.

Finally, the distance necessary to travel affected some.

The director was very satisfied with the faculty

teaching the courses, the course content and the services

provided by L.I.U., and somewhat satisfied with all other

areas of the program. The major obstacles of implementation

cited were the availability of teaching materials and student

retention. The adaptations made include the use of the

videotaped calculus program and some minor revisions of

course content to meet Oregon certification requirements.

The director would like to obtain financial support to expand

the video portion of the program to include classes other

than calculus. Steps have been taken to continue the program

next year. (Report attached)

lam IfilangDniversitv

TEA-MASTER, the model, was developed with funds from

the tlational Sc4ence Foundatio from 1977-1981. It has bewl

supported by a grant from the Fund for the Improvement of

Postsecondary Education (FIPSE) for the last three years

(1983-1986). The major objective of this grant was to test

the efficacy of the model's adaptability by disseminating it

to other sites throughout the United Stated in order,

ultimately, to produce qualified teachers in specific areas

of need, i.e. mathematics and physics. In addition to the

dissemination results discussed, there was a mathematics

retraining program at L.I.U. during the 1985-86 academic
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year. Tw:nty-five students started the program and eighteen

completed. A questionnaire was administered to the twenty-

five students. Analyses of the responses to this survey

instrument revealed a predominantly female (70%) population

with a mean age of 37.4 years. The students had a wide

variety of academic backgrounds. Of the 25, seven had

majored in elementary education, 5 in history, 3 in biology,

and one or two in psychology, economics, business, art and

physical education. 39.1% of the students already completed

a master's program. When asked to describe the quality of

their undergraduate work, 37.5% rated themselves "above

average". This was an experienced group of teachers with an

average of 6.3 years of service, ranging from 1 to 18 years.

All the students at the L.I.U. site were teaching during the

grwit period. 43.4% at the high school level, 47.8% at the

junior high school level and 8% at the elementary leve.. The

subject most frequently taught by the secondary teachers in

the sample (N=13) was mathematics. When asked if they are

certified in the subject they currently teach, 83% answered

"no".

The characteristics of this group demonstrate the need

for the program. A large number of teachers are teaching

mathematics, and other subjects as well, without being

formally prepared to do so.

Table 2 reviews thz student's reasons for applying to

this program. The reason selected most frequently was to

obtain state certification, followed by the appeal of the
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short time frame.

When asked if they would be attending graduate school

for training in mathematics were it not for this special

program 32% said yes, while 68% said "no" or they did not

know. Again, as in the dissemination sites, the program

milled a need that the traditional master's in mathemat: a

was not addressing.

The students (87.5%) felt that the program had been

accurately described to them initially. Those who believed

there was a discrepancy between what they expected and what

they experienced, pointed to their lack of preparedness for

the rapid pacing of the courses. This sample of students was

fairly confident with respect to their ability to study and

teach mathematics (Table 10). Very few students expressed

feelings of insecurity.

For the final series of items, L.I.U. students were

asked to react to various aspects of the program on a scale

which ranged from very satisfied to very dissatisfied. On

the whole students were satisfied with the program. The

areas of greatest dissatisfaction were with textbooks (32%)

and their own performance in the program (40'0.

Students were asked to grade each of the courses they

completed on a scale of A to F. A was the modular response

for all courses. There were very few C,D, or F ra'ings.

Most of the L.I.U. students had not yet taken the New

York City license examination for teaching mathematics by

June 1986. Only 3 reported taking the senior high school

exam. Two of the three passed. When asked if they felt the
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program had prepared them to take the New York City

Examination, 70% said "Yes".

By the end of the project year 68% of the L.I.U.

students were teaching mathematics and expected to be

teaching mathematics during the next year. Only 15% did not
1

plan to be teaching mathematics next year.

SUMMARY AM ONCLuSIONS

The objectives of the program for the third year, as

specified in the proposal, were accomplished and in some

instances exceeded. The dissemination effort has been

particularly successful. Most of the pilot sites are

supported by FIPSE monies. Several sites haje succeded in

attracting financing through grants. Local project directors

were unanimous in their support for the project generally and

the specific, personal quality of the assistance received

from the L.I.U. Project Director. Local project dirt tors

are working together to institutionalize the network which

has developed as a consequence of participating in the

program. All sites are "graduating" a group of students,

1

Actions taken by the Division of Education made it virtually
impossible for students to use THA-MASTER courses toward a
master's degree, a distinct departure from past practices.
Therefore, for the first time in almost a decade, few
students have gone on to a master's degree at L.I.U.
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most of whom will be fully certified to teach in their

states. All together more than two hundred students were

fully trained over the course of this grant. This program

can be used as a model retraining program with proven

adaptability. It can be extended to many other areas. Dr.

Madeleine Long is to be commended for the leadership she has

offered to her colleagues throughout the country.
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TABLE I

Directors Evaluation of Program
(N=7)

Reasons for Leaving

Very

Significant

Somewhat

Significant

Not

Si nificant

Don't Know

Work too difficult 1 4 1

Pace too fast 1 4 1

Time demands excessive 2 4 1

Student did not under-
stand what was involved 5 1.

Student not prepared
to make a commitment 1 1 2 2
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TABLE 2

Director's Rating of Pragram Components

(N=7)

Very
Satisfied

Somewhat

Satisfied

Somewhat

Dissatisfied
Very

Dissatisfied

Duality of Students

Teaching Faculty

Course Content 4 3
__-

Recommended Texts 2 4 1

Structure of Pro;;ram 2

Services Provided by L.I.U.

Services Provided by Local
College of University 3 4
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Problem

TABLE 3

Director's Evaluation of Implementation Problems

(N=7)

Major Minor of a PLoble

Financial Resourct2s 2 5

Availability of
Materials 2 2 3

Difficulty with project
Faculty 1 6

Difficulty with non-project
Faculty 1 6

Local A7Ainistrative
Support 2 5

Student Recruitment 2 3 2

Students Retention 3 3 1
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TABLE 4

Director's Evaluation of Services Needed for
Continuing Efforts

Very Important Somewhat Important No Important

Entire Long Island
University Package 1 5 1

technical Assistance 4 3

Financial Assistance 6 1

TABLES

Director's Plans t Institutionalize

Yes 6

No 1
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TABLE 6

Students' Reasons for Applying*

(N=72)

Reason

Short time period

Always wanted to teach mathematics (Physics)

To obtain State Certifice.on

Tuition is affordable

To help get a job in a secondary school

To help me get a job

I needed a change

Interest in subject

Number Res onding

41

39

36

24

23

21

20

9

* Students were instructed to check as many reasons as apply. Therefore,
totals will vary.
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Item

TABLE 7

Perceived Self Concept of Ability to Study and Teach Hathe.mstics
(Percentage)

Response

Initially, when I thought

about studying mathematics
(physics) at a university,

I felt:

Very
Confident

Somewhat
Confident

Somewhat

Insecure

Very
Insecure

20.8 59.3 15.2 5.5

Item Response Category

When I taught
mathematics (physics)
before I started this
program, I felt:

Very
Confident

Somewhat Somewhat Very

Confident Insecure Insecure

I never taught
this subject

18.6 34.2 7 1 38.6
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Item

TABLE 8

Student's Ratings* of Program

1

(N=72)

Categories**

2 4

Education Philosophy
of the program 58.3 16.6 16.6 5.5 2.7

My Experiences at
this Universit 52.7 26.3 13.8 5.5 O

Academic Counseling 37.5 22.2 29.1 6.9 4.1

Teaching ability of
_faculty 59.7 27.7 8.3 5.5 0

Attitude of Faculty 71.4 24.3 4.0 0.0 0.0

Level cf Courses 54.4 30.0 11.4 4.2 0.0

Text books 34.2 34.0 14.0 12.8 0.0

My performance 54.2 35.7 5.7 4.4 0.0

The Performance of
my peers 45.9 27.1 22.8 4.2 0.0

* All ratings are in percentage

** 1 Very Satisfied

2 Somewhat Satisfied

3 Neutral

4 = Somewhat dissatisLied

5 = Very dissattsfied
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TABLE 9

L.I.U. Students' Reasons for Applying*

(N=25)

Statement Number

To obtain State Certification 18

The opportunity to complete a retraining program in
a relatively short time appeals to me 13

I always wanted to teach mathematics 12

I needed a change 8

The tuition is affordable 7

To help me get a job in a secondary school 4

To help me get a job 4

* Totals do not add up to 25 as students were instructed to check as many
as apply.
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Item

TABLE 1C

Initial Self Concept of Ability to Study
and Teach Mathematics of L.I.U. Students

(N=25)

Response
(in percentage)

Very Somewhat Sonewhat Very
Confident Confident Insecure Insecure

.

.

Initially When I
thought about studying
mathematics at a
university, I felt: 32.0 52.0 16.0 0.0

When I taught mathe-
matics before I
started this program,
I felt: 18.0 68.0 14.0 0.0
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TABLE 11

Long Island University Students Early Evaluation of PTogram
(N=25)*

- Item Responses in Percentage

The educational philo-
sophy of the program

1

45.8

2

16.6

3

37.5

4

0.0

5

0.0

My experiences (general)
at this university 32.0 36.0 24.0 4.0 4.0

The academic counseling
which is available 24.0 40.0 32.0 4.0 0.0

The teaching ability of
the facult 52.0 28.0 :0:0 16.0 4.0

The attitude of the
faculty 60.0 16.0 8.0 12.0 4.0

The level of the
courses 40.0 32.0 12.0 12':0 4.0

The textbook assigned 24.0 36.0 8.0 28.0 4.0

My performance in the
program 20.0 32.0 8.0 40.0 0.0

The performance of my
peers 12.0 32.0 48.0 4.0 4.0

*Responses are reported in percentages:

1 = Very Satisfied
2 = Somewhat Satisfied
3 = Neutral
4 = Somewhat dissatisfied
5 = Very dissatisfied
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TABLE 12

Post Self Concept of Ability of L.I.U. Students
to Study _lid Teach Mathematics

(N=18)

Item Responses

i I

Very
Confident

Somewhat Somewhat Very
Confident Insecure Insecr7e

After my
experiences this
year, when I think
about studying
mathematics at a
university, 7 felt

When I teach mathe-
matics, I felt:

33.0

43.7

5.0

50.0

17.0

6.2

0.0

0.0
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CONFERENCE PROCEEDINGS

The Hellman Acad.
for

Mathematics and Science
Teacher Education Refraining
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PROGRAMATIC ASPECTS OF TUA-MASTER AT
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i. Rose Marie Smith
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8. Paul Lightsev
A STRATEGY FOR RETRAINING TEACHERS FOR

PHYSICAL SCIENCE

9. Walter Glickman
RETRAINING EINSTEINS
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William Stephens
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CONFERENCE STAFF
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Conference Director
Director, Institute for the Advancement of
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Long Island University
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---------- --------
THE TIP OF THE ICEBERG

HT

A. RICHARD POLIS

DEAN OF GRADUATE STUDIES

BEAVER COLLEGE, GLENSIDE, PA

We are reminded on a daily basis that we face a crisis in
education. I am not sure that all of the national reports about
schools and schooling which have been written over the past few years
are clear reflections of reality. Yet they do sucgest tnat we need to
get our house in order. Certainly the reports of falling test scores
are not the only measure of the quality of education available in
this country. Since we strive to educate all children, the drop in
SAT scores, for example, needs to be interpreted in light of th,-
large numbers of students who now choose to enter college. The
community college movement in the 1960's may offer an explanation of .

this phenomenon.

I believe that the brightest and most talented middle class
children are getting a better education today than they did 20 years
ago. However, the problem we face may be one of educating children
who are much different than the ones we taught 20 years ago. We may
need to adjust and revise our way of thinking. Demographic reports
indicate that the largest population of economically disadvantaged
and minority students are nnd will continue to enter our schools in
larger and larger numbers in the next decade and that we are not
prepared to offer these children the education they need and deserve.
This represents a waste of natural resources, as well as a system of
subtle discrimination which is aimed at groups with the fewest
resources and very little political influence. We are in a position
to see that this kind of discrimination does not continue in the
future.

As educators and leaders in our field, we are often blamed for
the ills of society - not only are we blamed for illiteracy, we are
charged to provide the children of this country with parental
guidance, moral values, motivation tc succeed, and more. We are
expected to teach and fill in where the home leaves off. We may not
be able to fulfill all of these needs. Yet, we should be able to
assure a high quality education to all by seeiLls. that teachers in the
field are well educated, knowledgeable, caring people.

Such a chargeto the public schools makes it difficult at best to
offer high quality education, given the talent and resources at our
disposal at the presint time. But don't despair just remember what
Will Rogers said: " The schools ain't what they used to be and they
never was." I an sure that all of us in this room have a vision that
will make the schools what they "never was."
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Rather than speak to the general ills of the schools let me focus
on the crises that we ad mathematics educators must resolve in tt
next decade if we are to assure high quality mathematics education
our schools. In our work as the primary educators of teachers
mathematics we are presently treating symptoms of an illness in o
society; that is a lack of bright well educated teachers o.
mathematics. In order to do a better job, we need to look below th
surface, rather than focus on "the tip of the iceberg." To do this,
we need to consider the various crises which impact on the trainini
and retraining of teachers in the natural sciences. At present and it
the years to come, we face the CREDIBILITY CRISIS - THE gruai
CRISIS - THE PRESTIGE CRISIS - THE SALARY CRISIS - THE FUNDING CRISIF
- THE COMPETITION AND RETIREMENT CRISIS - THE CONTINUITY CRISIS - TH3
APATHY CRISIS - AND THE TALENT CRISIS.

In this paper, I intend to define some of the problems that :we
face today in teacher training and upgrading in the natural sciences.
I will then try to point to some solutions that exist and some that
need to bei Tut in place. Since this paper is limited in space and
scope, a bibliography is provided for the reader since I refer to fee
sources in the body of the paper.

THE PROBLEMS:

1. First we face a crises of confidence - John D. Public does not
believe that our children are getting the best teachers! The truth is
that this perception is correct! Twenty years ago the brightest sue
most talented people why entered education were women.

I am sure that some of you in the audience would argue that this
is still true. Many of eate women who would have entered science am
mathematics teaching today are planning to become engineers,
lawyers, medical doctors, mathematicians, or scientists. The National
Science Teachers Association reported-in 1981-82 that there was a 771
drop in the number of mathematics teachers trained between 1971 ani
1980. A similar drop of 65% was reported for science teachers.
Another statistic mentioned in that report indicated that there were
only 32 graduating seniors who planned to teach mathematics in the
state of New York in 1982 and 20 in the state of Texas. We might ask
the question - How good are those 52 teachers and are they still in
the field?

2. Next we face the crisis of prestige - Ask yourself the questiox
"Would I encourage my children or grandchildren to become public
school teachers?" I will not ask you to raise your hands and let. me
know how many would encourage their own flesh and blood to become
teachers. I have asked myself, my colleagues, and my students this
question. The answer has been clear'. Salaries are too low and people
do not respect teachers. Why should one spend four years in college
at great expense, continue to go to school for a masters or even
doctorate and find that friends and the general public lack respect
for their chosen profession?

- 13 -
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Kilpatrick and Wilson suggest that tne shortage is a reflection
of the negative attitude society and the Education Community has
toward mathematics, teaching and teachers. Current proposals fail to
make teaching an "attractive profession which can attarct and retain
superior teachers."

3. Related to the prestige crisis is the salary crisis. The
average teacher in the United States is paid about $23,000.00 a year.
The KEA reported that teachers lost $1700.00 in constant dollars
between the years 1971 and 1983 and the average salary was
$22,000.00. Another source reported in 1984 that the range of average
salaries for teachers was between $15,895 and $28,877. The average
age of teachers today is 39. How does the average salary compare
with that of other professionals who have reached the peak of their
career at this age? How do professionals in the field react to the
question, "If you could choose a career again, would you teach?"

A 1966 survey showed that over half would re-select teaching as a
career. In 1983 a repeat of the same survey showed that figure had
dropped below 25%. Much of the reason for this is lack of prestige
and money.

4. Consider next the funding crisis - the cost of a college degree
is as little as $9,000.00 and as costly as $65,000.00. Pew
scholarships exist and those designed for teachers are usually
limited to $2,500.00 a year. The top universities in this country
charge $16,000.00 to $18,000.00 per year for room, board, tuition and
books. Funding for retraining and upgrading.is available and that
may increase. However, this administration has cut back on various
sources of scholarship, loan and aide. Would you invest $40,000.00 to
$60,000.00 in a career which guarantees low pay and little prestige,
especially if you knew that you had to find a summer job and
moonlight to feed your family? I would guess that the answer would
be no for highly motivated, intelligent individuals who demand
excellence of themselves and others. Does this mean that less bright
people will and do choose teaching? It seems to be the case today,
and this reinforces the notion that teachers are not as well educated
as other professionals!

5. Given that a great number of young and talented women enter the
profession, get married, and raise families we have the continuity
crisis. That is, many of the women who teach will take a maternity
leave while others choose to stay home for many years and raise their
families. This gives rise to the question of day care. We have few
good day care facilities in the schools. Certainly schools more than
industry could provide excellent day care for this talented group of
women who may be lost to the profession for ten years and then may
come back at a time when their training and knowledge is out of date.
The time and cost of retraining is a burden placed on the returning
teacher, with little or no support from the government, the
profession, or the sChoola. It might be more efficient and cheaper
to finance quality day care.
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6. The apathy crisis h. Teachers are seldom enlisted in the task of
designing curriculum for the very children whom they teach. This is
one of the things that makes teachers feel powerless and apathetic.

Kilpatrick and Wilson point to the 'top down" manner in which
curriculum is developed in the schools as a cause of apathy. They
further suggest that input from mathematics teachers is ignored or

7. The exit and retirement crisis - We know that a great number of
teachers leave the field for industry. Most leave in the first five
to seven years. Many of the others who leave the profession do so
because they have retrained, especially in computer technology. This
group has been seduced by industry. In addition to this we expect
another crisis to emerge, namely the retirement crisis. We know that
a large number of teachers entered the profession in the 1940's.
These experienced and talented teachers will retire in the next five
years. Given the increased graduation requirements which have been
mandated in most states, we will be unable to find certified and
qualified teachers for our classrooms. It is ironic that we will face
a large blacrtagl at a time when the profession is trying to raise
standards. I am sure that you all know what this will do to these
efforts.

Hawley indicates the importrnce of addressing the attrition
crisis. His suggestion is to improve the quality of the workplace as
a means of keeping experienced teachers and of attracting teachers
back to the profession.

THE SOLUTIONS:

If we are to solve or partially solve the problem of supplying

high quality mathemtics and science teachers for the classrooms of

this country, we need to consider all of the suggestions which follow

as a starting point only. We all need to be creative in our approach

to the problems which face us, and pose more creative and practical

solutions now and in the future. The suggestions listed here may only

serve to melt the tip of the iceberg, but they offered as a

beginning.

1. PROVIDE SCHOLARSHIPS AND GUARANTEE JOBS TO THE VERY BRIGHTEST

PEOPLE IF THEY ARE WILLING TO TEACH MATHEMATICS OR SCIENCE.

2. FINANCE GOOD DAYCARE AS A BENEFIT SO THAT WE DO NOT LOSE LARGE

NUMBERS OF EXPERIENCED. TEACHERS.

- 15 -
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3. OFFER SCHOLARSHIPS AND/OR LOAN FORGIVENESS TO PEOPLE WHO ARE

WILLING TO RETRAIN INTO MATHEMATICS OR SCIENCE AND THE SAME TO

UPGRADE TEACHERS ALREADY IN THE CLASSROOM.

4. OFFER MERIT BASED ON BOTH TEACHING QUALITY AND PROFESSIONAL

GROWTH FOR ALL TEACHERS AND BONUSES FOR TEACHERS IN AREAS OF

SHORTAGE.

5. SUPPORT AND ENCOURAGE TRAVEL TO PROFESSIONAL CONFERENCES FOR
ALL TEACHERS.

6. RETRAIN THE BEST AND BRIGHTEST TEACHERS INTO AREAS OF SHORTAGE

AND PAY ALL EXPENSES.

7. DEVELOP PARTNERSHIPS WITH TEE COLLEGES AND UNIVERSITIES. IF

THEY WON'T COME TO YOU THEN YOU SHOULD APPROACH THEM.

8. MAKE SALARIES COMPETETIVE WITH THOSE IN INDUSTRY AND CONTRACT

WITH TEACHERS FOR 11 MONTHS SO THEY CAN PLAN, DESIGN CURRICULUM, AND

CUT DOWN ON MOONLIGHTING.

9. INVOLVE TEACHERS IN DECISION MAKING SO THAT THEY DO NOT BECOME
APATHETIC.

BY RECRUITING AND REWARDING THE BRIGHTEST PEOPLE, WE WILL
EVENTUALLY RAISE THE SELF IMAGE AND PUBLIC IMAGE OF TEACHERS IN THE
FIELD. WE KNOW THAT MANY PEOPLE WILL NOT TEACH BECAUSE THEY DO NOT
SEE TEACHING AS A VALUED PROFESSION. IF WE AS PROFESSIONALS DO NOT
LOBBY STRONGLY FOR THESE CHANGES, WE WILL NOT BE ABLE TO SOLVE SOME
Of THE PROBLEMS WE FACE. I SEE THIS CRISIS AS VITAL TO OUR NATIONAL
SECURITY. ONE MISSILE A YEAR WOULD PAY FOR ALL THAT IS NEEDED.
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RETRAINING OP MATHEMATICS TEACHERS 3Y PEERS

BY

DOROTHY KELLEEIR

MATHEMATICS TEACHES. DEERING 110 SCHOOL
PORTLAND, MAINE

The concept of training qualified teachers to teach mathematics fasci-

nated as from the first time I heard about the Long Island Project. Without

consider-Aug trial ! as a potential trainer, I openly stated that I felt teachers
presently teaching at the hush school level and college 3mva1, *instead of

collard professors, should do the teecng. With a growing needfor math

teachers in Portland., the .Portland School System felt vs should start to re-

train teachers. it this point, I suggested that I be one of two Itrtland.

teachers to teach Biz courses for the "/dong Island Project.°

111 august, ISIS, I startled the Sefresher Math Course and continued

through preoalaulus. I finished in March, 1986 and Dr. Lamy Whe,sler started.

his sequence of =uses including calculus. Is the spring of 3.9d7, I will teach

the last course and hopefully tie the two years together. Tte. Wheeler and

brought much esleesience to this. programs I have taught grades seven through

twelve from basic math through calculus and since 1967 I have taught a variety

of courses for the University of Wm. Dr. Wheeler teaches many upper level

courses and has extensive liveries= at the coLlega

Because I felt it vital to receive input from the project participants,

I asked several to critique the project. The following points sere made:

1) The instructor is easily accessible.

2) Someone who is presently teaching high school students has a
much better idea of just what training is needed to be a math
teacher.

3) It a participant has a problem., he could get help immediately.

4) A fellow teacher is familiar with the local school calendar and

can adjust the class scheduling to accomodate each Spedial situa-

tion that might arise.

5) LIMP instructors knee the reality of the classroom and the advice

that they give is based on their experience in a classroom of 30
students with difff .ent ability and motivation.

6) Their advice is practical and they are less concerned with
educational Argon and theory than with what works daily in the
classroom.
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7) 24'004 importan% is they recognise th.ly are not creating maths.
=Mies bur retraining teachers to teach :oath. Most school systems
do not need ten calculus teacher's, but they do need teachers who
have a good understanding of math and its application to daily life.

8) An evcrieneei secondary math teacher can teach not only the can.
tent but the way to teach the content.

In closing, I would like to add that this project has been most enjoyable.
I °Seel retraining teachers to teach math is a viable solution to the problem
of a shortage of :lath teachers.

tris******ithht*******inlrerintielhInkininInt*strit*********11nAnhttirintleintstinInIrafrawarwirsolirittintrit
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STRAIT= FOR DNIMSIT? AND SCHOOL MTV COLLABORATION

BY

CILIEST J. CUEVAS

p' S02, MATEENATICS/COMFDTER muraTimi
DIRECTOR OF INTERNATIONAL EDUCATION PROGRAMS

SCHOOL OF =CATION AND AI= PROFESSIONS
UNIVERSITY OF MIAMI

Introductiog

The in-service education of teachers has undergone a

period of change and reZirection in the past ten years. One

of the most significant changes has been the Increased

responsibility school systems and teachers have assumed in

the design and implementation of in-service programs. Hare

recently, dissatisfaction with the current status of

education has bad an impact an the nature and content of

in-service activities. National reports an education (e.g. a

Nation at Ri_sX, NOW's An Aaenda for Action) have called for

a reorientation of curriculum content to reflect a stronger

emphasis on basic skills in general, and in mathematics

education, a more defined focus on problem solving and

computer-based skills.

Both, the change in teacher role concerning in-Tcevice

and the demands for curriculum change in mathematics, have

implications for the way in-service activities are designed

and implemented in the next decade. This paper will present

a general approach to the planning of in-service activities

in mathematics which addresses these latter factors. To

provide the necessary background for related issues, the

paper will also deal with a discussion of the need for

in-service education in mathematics.

-a.-ecru
...

kkaues_ - 21 -



The term in-service education has assumed a variety of

meanings. The meanings range from a planned degree-program

to the study of a topic of interest by a teacher.

In-service education has been formally defined as "...

commonly understood to include the collegiate and

school -based programs of professional study and work in

which the teacher is involved after he/she has been

certified and employed ... These include institutes,

workshops, and after-v:hnol and summer activities' (Cogan,

1975, p.220). More recently, in-service activities have

been subsumed under the term staff development. This term

. denotes the shift in direction from higher education

institutions to s:hool districts for the initiation,

planning, implementation and evaluation of in-service

programs. Another term which has been used to indicate

in-service activities is that of teacher retraining. With

the need for larger numbers of mathematics teachers,

attempts have been made to recruit and 'train' educators

(outside of mathematics) and non-educators alike into

programs which will provide for them the content knowledge

and skills to teach mathematics.

The forms in which in-service activities are delivered

to teachers are as varied as the terms which are being used

to label such activities. In-service may be provided to

teachers through one or a combination of one or more of the

following - short courses and workshops, contracted training

- 22 -
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of teachers and production of materials, college-based

courses/degree programs, 'clinical' supervision of teachers

with a consultant, academic credit awarded for

attending/participating in professional conferences, summer

institutes, and short term seminars on specific topics. As

can be seen, the list is only limited by the creativity and

resources of the individuals and agencies involved in the

planning and implementation of the activities. The duration

of the in-service also can range from a 'one-shot" workshop

to a long range (one/two year) program of studies.

What is the basic reason for having an in-service

program in mathematics? In a general sense, it has been

expressed as follows:

Maintaining and improving the competency of
teachers is perhaps the most important factor in

achieving better education in the schools.
Education is a process of growth that builds on,
and profits from, experience. Teachers of
mathematics are not immune to this essential
characteristic of educational growth. Thus, the
significance of in-service education for
maintaining and improving the competency of every
mathematics teacher can hardly be overstated
(Downs, 1977).

There are a number of other arguments, in addition to

the general one presented above, which provide a rationale

for inservice education for mathematics teachers. There is

a need to strengthen and/or upgrade the content knowledge of

teachers, as well as to prepare teachers from other fields

to teach mathematics. Curriculum changes have mandated that

in-service activities address the teaching of problem
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solving skills, and the integration of computers into n'oe

mathematics instructional process. Legislative mandates

have forced teachers to implement comprehensive student

assessment and reporting. A concern for the mathematics

education of students historically underrepresented in

mathematics (i.e. women and minorities), has brought about

the need for the implementation of programs to address this

problem. These are areas, which in the past, were not

addressed by in-service activities or lacked the depth

necessary to give teachers the required knowledge and

skills. Finally, it has been said that the most compelling

reason for having in-service education is that teachers have

strongly expressed a desire to be ivolved in such

activities.

There are a number of questions or issues which

confront in-service educators as they plan activities for

mathematics teachers. The reason why these issues exist can

be attributed to the nature of mathematics in-service

education during the latter part of the 1960's and the

early '70s. During this time attempts were made to

revolutionize the content and teaching of mathematics.

In-service activities during this period were characterized

by strong funding support from federal agencies and

predominant implementation by institutions of higher

education.

The questions or issues to be resolved are as follows:
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1. Should the content of the in-service program address
mathematical knowledge, teaching methodology or should it be
balanced between the two areas?

The programs of the sixties favored increasing

teachers' mathematical knowledge over increasing their

skills in teaching methodology. One outcome of this

emphasis on content over pedagogy was the questioning by

teachers of the sefulness and the benefits they received

from in-service education. Teachers felt that while the

programs gave' them a thorough content preparation, they felt

inadequate in dealing with the problems they faced in the

classroom. During the latter part of the seventies, as a

reaction to this concern, in-service program in mathematics

dealt primarily with methodological topics -

diagnostic /prescriptive instruction, dealing with

academically heterogeneous student populations, and

strategies for dealing with remedial/gifted students. With

the advent of recent reports critical of education, the

pendulum appears to be swinging in the direction of

mathematical content as the focus of in-service activities.

This time it appears that methodological issues may be

considered in the context of mathematical topics.

2. Who should be responsible for the funding of in-service
programs?

The predominant roe federal agencies played in the

funding of in-service programs almost died during the latter

part of the seventies. School districts picked up some of
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the expense in the 'staff development" of teachers, but not

to the same degree as it had been experienced earlier. In

recent years state legislatures have appropriated monies for

teacher in-service programs and districts have also

contributed their "fair share". Federal agencies appear to

be funding some teacher in-service efforts in mathematics,

but not at the same level characteristic of the sixties.

Overall, it appears that the burden for financing in-service

activities rests with the state or local school district,

and many times this 13 done to comply with some legislated

mandate.

3. Who should be responsible for the design and
implementation of in-service programs?

One of the outcomes of the strong reliance on

university-based programs was a feeling among teachers that

their in-service education was "Institutional" in nature,

completely disregarding to their own needs and interests.

This created in some teachers the. inability to identify

their own weaknesses and then to seek ways to overcome those

weaknesses. In the latter part of the seventies and early

eighties the concept of "teacher centers" became common in

in-service education. The principal idea was to design and

implement in-service activities based on teachers' and

districts' needs rather than following a university-based

program. The basic underlying assumption was to have

teachers in control of their own in-service experiences.

- 26 -
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This approach was reinforced by funding frtdm state agencies

(e.g. Florida), and it appears today to be a common

approach to teacher in-service. In many states institutions

of higher education have collaborated in the formation of

the teacher centers and in the delivery of programs which

are part of the total offered by the centers.

In summary, it appears that for in-service in

mathematics, (a) attempts have been made to reach a balance

between mathematics knowledge and teaching methodology in

its coat:grit, (b) the state or local education agency plays a

predominant role in program funding, as well as the planning

and coordination of the activities. These present

characteristics of in-service education have implications

for the nature of the relationship that must exist for

university and school system collaboration in the continuing

education of mathematics teachers.

Basic 2remiles for univerlity/salool system collaboration

The major premise underlying any kind .of in-service

program is that 'good" in-service/retraining/continuing

education a..civities do improve teache- performance and

student learning. This raises the question of what

constitutes a 'good" in-service program. A's we know, any

educational enterprise is influenced by a variety of

factors. There are many factors which can be identified as

contributors to the success of an in-service activity.
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Rowan, et al (1977) cite the following factors as

contributing to the effectiveness of in-service activities:

1. identification of needs and cooperative planning as
an integral part of the program design process;

2. provision of incentives for teachers to participate
in the in-service activities such as release time,
adequate funding, award of credits toward renewal of
credentials/graduate degree, and stipends;

3. team approach orientation toward the in-service
activities to give a sense of program 'ownership";

4. appropriate balance of mathematical content and
teaching methodology based on teacher needs and
educational mandates;

5. relevancy of content activities to daily classroom
instruction, so that teachers can explore
instructional strategies and/or develop materials
which can be immediately used in the classroom;

6. continuing evaluation of in-service programs, with a
provision for revision of activities;

7. reviler and appropriate follow-up in the classroom;
8. integration of individual in-service activities into

a cohesive program so teachers can benefit from long
range objectives.

The role of 2ollegglAnsil_LinlyuliIIIA

The previous discussion concerning issues and

characteristics of in-service education set the foundation

For the role colleges ant' universities need to play in the

design and implementation of in-service programs. It is

clear that the role of the institutions of higher education

has changed from one of sole responsibility for all aspects

of in-service to one of 'partnership' with the local

education agency. Given the involvement of teachers in the

process of planning in-service programs, universities have

had to balance the content of the activities between theory

and practice, mathematical knowledge and teaching

methodology. Also, institutions of higher education have

- 28 -
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seen the need to move away from the traditional "degree

program" form of in-service education to "delivery'

strategies which are more closely in accordance with

district goals and teachers' needs.

A-stattil-Ildt1-12r-InixttilIVA2b221-dilItict col1ahoreti2h

Given the factors which explain the success of

in-service programs and the changing roles of institutions

of higher education (IHE's) and local education agencies

(LEA's), a general approach to the development and

implementation of programs for mathematics teachers may

consider the following conceptual framework adapted from one.

proposed by the ciaItt_Ln_Edaatimalatalacal_aad

ingaitin (CERI, 1978). The framework consists of three

dimensions - source of in-service activities, firocill

necessary to design and implement the activities, and the

Qlients who will participate in the program.

The s2u1-.2e dimension comprises the agents and agencies

responsible for the planning and implementation of the

in-service program. These may include -

1. national/state/regional agencies, such as state

departments of education, and state and national

professional organizations;

2. local education agencies (LEA's);

3. colleges/universities;

4 teacher centers (which may be part of an LEA);

5. independent consulting firms;
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6. publishing companies.

The pro2151 dimension of the framework deals with the

411(2 which need to be accomplished in order to carry out an

in-service program from inception to completion.

TASK 1 - to determine the overall goal of the in-service

program. Seven 'orientations" of in-service programs are

mentioned in the CERI report:

I. transitional, to update teachers with content and skills

which are required because of developments in the field

or new curriculum mandates (such as the in-service needed

to comply with minimum state requirements in

mathematics);

2. Ichool_Leaewal/rcle_LeorieatatIon, necessary to change

the focus of the school program to a different or

innovative orientation (for example, the implementation

of a 'magnet" computer school);

3. context specific /role imuovement, to deal with specific

skills/content teachers need in order to perform more

effectively or to incorporate into their instructional

program new teaching strategies (such as the skills

needed to teach problem solving to students);

4. personal/rEofelliaall_acalith;

continuina_edu2atioa, possibly leadii,g to a graduate

degree or higher level credentials; and

- 30 -
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6. career progression, related to the concept of "master

teacher' within a "career ladder program" some school

systems are implementing.

As can be seen, these "orientations' are not mutually

exclusive nor exhaustive, but they provide an orientation to

assist planners in focusing the purpose and objectives of an

in-oervice program.

TASK 2 - to determine the cost of the program and to

identify and secure sources of funding. A large percentage

of in-service programs are funded by LEA's or state

education agencies. Funding is aLso becoming available from

federal agencies for summer institutes, retraining programs

and materials development. It has been reported that

teachers expect that '...in-service education should be

prrvided as their due and privilege and that ... they

should no have ,,o pay for it themselves' (Osborne, 1977, p.

Ix). Even though this expectation is real, many teachers

pursue degree granting programs for which they pay.

TASK 3 - to determine the type of reward' to be given to

teachers upon successful'completiln of the in-service

program. There are several "awards' which can be ;granted to

teachers once they have successfully met a number of

criteria for completing in-service activities. They include

graduate degrees, certification, salary raises, career

promotion, change in role from classroom teacher to resource

professional. It is true that many in-service activities do
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not carry any type of "award' and some only require teachers

tc be present at the sessions without having to show

competencies gained as a result of the instruction. Recent

concerns for accountability indicate the trend to require

teachers to show some degree of competency before an 'award"

for completion of the program is given.

TASK 4 - to delineate roles and responsibilities for the

coordination of in-service activities. It is essential that

in-service programs receive input fror as many sources as

possible regarding content and implementation. It has been

suggested that equal representation among IHE's, LEA

(supervisory and administrative personnel) and teachers be

involved in the planning and coordination of programs. This

will assure that the professional education of teachers is

related to their interests and needs and in accordance with

district goals.

TASK 1 - to evaluate the in-service program. The basic

purpose of the evaluation of in-service activities is to

provide planners and other decision makers within the

educational community with information for program

decisions. It is important to evaluate not only the 2Eoceis

of in-service but also the 2Eoductl of the program. "How

well was the program implemented?", is as important an

evaluation question as, 'What did the teachers learn or what

skills did they acquire as a result of the activities?".

- 32 -
I



The source and rocs dimensions of the framework must

be integrated in such a manner that the specific needs of

the 2142t1 are addressed. In this case we are referring to

teachers, but it is important to differentiate the different

populations cf instructional, and supervisory personnel

which may be involved in in-service activities. For

example, elementary school teachers because of their

mathematics bac'ground woui.: probably benefit from

activities diffe..t.nt from the ones appropriate for secondary

school teachers. The same case can be made about in-service

programs for supervisory personnel as opposed to

instructional staff. Figure 1 shows a graphic

representation of the framework presented here for IHE/LEA

collaboration in mathematics in-service programs.

Conclusion

A nation-wide survey condynted in the late '70s

(Osborne, 1977) indicated that:

(e) most teachers desire a voice in determining the nature
of the in-service program in which they participate, and

(b) bad experiences reported by teachers with prior
in-service education were partly the rosult tnat
teachers had not shared ire the decision-making process
G.: the program.

Th involvement of mathematics teachers in every aspect

of the design and implementation of programs for their

continuing professional development is mos; important.
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REMAINING TEACHERS IN MATHEMATICS: STANDARDS AND EVALUATIONS

BY

MICHAEL A. IANUONE

CHAIRMPI, MATHEMATICS AND COMPUTER SCIENCE DEPARTMENT
TRENTON STATE COLLEGE

The National, Association of State Departments of Teacher Education and
Certification (BASDIEC) establishes standards for programs which prepare

teachers of mathematics. In this paper we will evaluate Trenton State
College's Program to Retrain Teachers in Mathematics against each of the .

current set of seven standards. Trenton's eighteen month program offers a

sequence of eight three credit graduate courses which in conjunction with

passage of the National Teacher kasination specialization examination in

mathematics leads to state certification to teach mathematics grades K-12. The

state requirement to be certified to teach mathematics for an individual who
already holds a teaching certificate in another field is 30 semester hours in

mathematics plus the NTE ammahmtion noted. Each participant is required to

bring 6 semester hours of college credits in mathematics to the program and
when added to the 24 credits offered, the state requirement is fulfilled. The

eight courses offered are listed below

MAX 510- Sarvey of Mathematics
MAT 512 Applied Calculus

MAX 514 Applied Calculus n
MAT 516 Introduction to Modern Mathematics

MAX 695 Topics in Mathematics for Secondary Teachers

MAT.530 Foundations of Geometry
MAT 560. Linear Alp- --
CSC 520 Fundaments1 Computer Programming

The first five courses are modeled altar uue TEA- MASTER program at Long Island

Bniversity directed by Dr. Madeleine Lens. As part of the program a two week
refresher' course is offered to review alef..braic and geometric skills needed to

begin the sequence. Additionally, each course meets almost double the normal

time for graduate courses with one-half of each session using the traditional

classroom lecture followed by a labyratory setting which includes 17 -lividual

tutorials, discussion groups, problem solvt s sessions and testing.

STANDART) I The proaram shall reouire demonstrated competence 1- knowledge

and understanding of the basic concerts of algebra (elementary

functions includint trigonometric), seometry (uclidean and
non-Euclidean), analytic geometry and calculus. probabilit-,
statistics, and modern alasorakliusar an abstract).

In our Refresher Mathematics course the participant reviews intermediate

algebra skills as well as many of the concepts of the standard plane geumetcy

curriculum. MAT 510, Survey of Mathematics is a conventional precalculus

course which inn:odes study of the polynomial, exponential, logarithmic. and

trigonometric functions as well as analytic geomerry. MAT 512 and MAT 514,

Applied CalculuL covers the standard differential and integral calculus

encountered in the typical Calculus I, II sequence found in most undergraduate

programs. MAT 530, Foundations a! Geometry explores Euclidean as well as non

Euclidean geometries both from an axiomatic :pi:roach as well as through use of

models for non Euclidean geometries. in MAT 516, Introduction to Modern
Mathematics the student is introduced to abstract algebra through the study of

groups, rings, and fields. A separate course MAT 56r, Linear Algebra is
included to provide for the inclusicn of the 'linear algebve noted in the

standard. MAT 695. Topics in Mathematics is used to teach the probability
36
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and statistics and number theory concepts essential to teachers of mathematics.

It is clear that the participant receives 812 extensive subject matter
background that provides a thorough understanding of the nature of mathematics.

This standard is fully met.

STANDARD II The arogras shall rendre demonstrated competence in
understandin of standard mathematics vocabula and irvmbols and

ia the logical principles used in mathematical proofs.

Through classroom lectures and workshop activities in all the courses,
rathematics is presented as a language in which one needs to be able to read,

writs, and speak as a mathematician. Emphasis 1 placed on providing
participants with the opportunity to express themselves with mathematical

preciseness. Throughout the program participants are required to use correct
mathematical notation. Beginning with the Courant and Bobbins text used in

MAT 516 the importance of symbolism, the nature of proof, and the concepts of

logic are stressed. Through the remainder of the program this foundation is

built upon and the students expand their abill:y to do proofs. By the end of

the program participants have learned to logically organise and write

mathematical proofs. This standard is fully met.

STANDARD III The grogram shall requite demonstrated competence in

understandin number canoe is and computational algorithms,
inc using estimation and approximation, and the use of
avvrovriste models and manivulatives for teaching these

algorithms and concepts.

Beginning with the first course and continuing throughout the prove, the rata

number system is stressed as the foundation upon which mathematics is built.

Every effort is mode to provide understanding of the differences and

commonalities among the natural numbers, integers, rational numbers, and

irrational num ere. In fact, in MAT 695 about one-half the course is devoted

to number theory concepts essential to effective classroom teaching. In

teaching more sophisticated algorithms an analogy is made to a standard

algorithm at a lass general level. For example, the process of dividing two

polynomials using long division is shown to be talogous to the long division

algorithm for whole numbers encountered in the elementary grades. Participants

are encouraged throughout the program to estimate and approximate solutions

prior to obtaining formal solutions. Since no formal methods course is

offered, the program integrates methodology into the regular coursework. when

a skill or concept is encountered for which models such as graphs, chalk

globes, straight edge and compass or manipulative' exist, the instructor will

demonstrate and in many cases provide hands on experience within the lecture.

This standard is mat.

STANDARD TV The program shall reauire demonstrated competence in
understanding the intellectual. historical, and philosophical
nature of mathematics, methods of aotairing mathematical
principles to other disciplines, and the relattonshio of
mathematics through technology to social conditions.

-27-
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Throughout the program whenever new topics are introduced participants are made
aware of historical davelopmenteas well as any social implications. It is-
standard practice in assignments to include problems which illustrate the
relationship of mathematics to the arts, humanities, business, medicine and

sciences. Textbooks are carefully chosen so that cultural-historical insights
are not ignored but presented et suitable places in the courses. Mathematical
deduction and the postulational method are discussed and used in MAT 516. This

course, based on Courant and Robbins "Whir is Mathematics" especially satisfies
this standard. Hers students learn that one viewpoint of mathematics is that
it arises from the attempt to solve problems related to the real world. They

also learn that the pure mathematician's point of view is much different,
applications are totally irrelevant and there is no need to search for them.
It is nufficient sirply to study mathematics for its own aesthetic value.
Additionally the Geometry course emphasizes the postulational method and
philosophical nature of mathematics. In the computer programming entracte
participants enter our teohlological society and develop an understanding of
the role of mathematics in computer science and vice versa. This standard is

met.

STANDARD V The =verso shall rendre demonstrated competence is the
selection and creation of appropriate mathematical models to

. solve applied problems.

Students in the proves experience mathematical models in several of the
courses. The 'pet direct use of models occur in the Courant and Robbins course
where one finds models constructed for groups. rings, and fields; in the
Geometry course where the two major types of non-Euclidean geometries,
Lobachevskian and Riemannian, are treated in detail; in Linear Algebra where
matrices are used as a mathematical model for various applications, and in
Computer Science where mathematical modelling is essential for problem solving.

Applied problems also occur frequently in the calculus sequence with problems
dealing with instantaneous rates, maxima and minima, as well as problems from
the social and natural sciences. This standard is met.

STANDARD VI The Program shall reouire demonstrated competence in
iOzntitving, developing and solving problems involving the
avolication of mathematical concepts. principles. and
problem - solving strategies.

In virtually all the courses a great deal of time is devoted to developing the

ability to identify, articulate, and solve problems involving mathematical
principals and concepts. Early in the program participants are introduced to

Polya's problem solving strategies. As problems are encountered these
strategies are developed and demonstrated by the instructors. Students are

encouraged to employ similar strategies in their own problemsolving
situations. This standard is fully met.

STANDARL VII The vrocram shall reouire demonstrated comoetence in using
calculators and comouters in mathematical applications and
vrblem solving. and using a suitable cornuter language to write
vrocrams.
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Calculators and computers usage are
integrated into the program in varisua

ways. Participants bringto class a sciertifie calculator which they Ara

encouraged to use in problem solving situations... Where appropriate both =cc

and approximate solutiona 2141 required tr emphasize the use of the calculator

as a tot:. in applied problems. Throughout the program calculators are also..

used to lead students inductively to understand mathematical concepts before

offering formal proof. 'Por example, the calculator easily leads the students

to conclude:

limit sin x.
2-90 z

Computer usage appears in three forms: (1) computer assisted 1322=Iletion;

(2) problem solving and (3) PASCAL language. The college maintains a

mathematics lab which is available to all participants. Within the lab there

is a variety of computer assisted instructional programs for illustrating and

explaining mchematical concepts. Thane programs are used both in a classroom

setting via a yrojector which permits total visibility of the video display

onto a large screen and individnaLly'at PCs within the lab for participants

sacking additional clarification of 'a concept.. These same computer, are also

used to demonstrate concepts that benefit from computer graphics such as the

area under the curve in the calculus and displaying graphs of functions in.the.

multivariate calculus. Additionally, problem solving tasks that lend

themselves to computer solution such as daturing the inverse of a matrix or

solving a.systess equations is 'near algebra are demonstrated after the

participant has learned the concept in t7 traditional manner.

In CSC S20 participants learn to program is the PASCAL language. The course

Includes the use of all the standard structures available in the language

including loops, arrays, subroutines, and some file processing. :Participants

smite programs to solve mars sophisticated mathematics problems. This standard

is fully met.

***********************************************************************
*

*
Michael Iannone has been actively involved in teaching

mathematics at the college level for the past nineteen

years. He holds a B.A. from Trenton State College, a M.S.
from Clarkson College, and an Ed.D. degree from Rutgers
University in curriculum and instruction. Hethar also
served administratively within his department as Assistant
Chair from 1979-1984 and as Chair from 1984-present. He

has also directed two very successful DBE grant programs,
the "Program to Retrain Teachers in Mathematics" and the
cooperative pre-college program the college conducts with
the Trenton School District commonly refer.ed to as the

* "TRENTON COLLEGEBOUND PROJECT." Professor iannone will
assist in selecting faculty to participate and as a
consultant for the planning of ':ontent.
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*

*

*
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PRESENTATION OF CALCULUS TO RURAL AREAS TEROUCTI TEE USE OF VIDEOTAPE

BY

ROBERT MAIN

CHAIRMAN, MATHEMATICS DUARMENT
WESTERN OREGON STATE COLLEGE

PROGRAM ME, V -=

Wmtan Oregon Stir: College, in 1985, became part of the 'THA-Master network
for retraining teachers from other disciplines to teach math=atics. Western's
special mission was to provide laservice training to teachers who could be
zonsidered ffigt2Itt learners due to the fact that many of them liven . a rural
areas at a sufficient distam... from an institution of higher education to
preclude participation in regularly scheduled classes. Even for those teach=
who lived near a college or university campus, their schedules and
obligations often preclude attending regularly scheduled classes.

We . proposed a delivery system which features video-taped presentations. We
focused on the calculus put of the THA-Master program bemuse:

L Calculus has the reputation of being difficult.
2. .Calculus classes meet more often per week than the other courses
required for mathematics certification.
3. The content of a typical calculus sequence cannot be readily
covered during one or two summers.
In summary, these are the reasons that calculus has often beez the
stumbling block for =then:sties certification and, hence, the reason
for our focus.

InitiallY, it was planned to video-tape an on =pus calculus course and util...e
our Instant-Replay system. This is a system devised at Western Oregon, which
video-tapes on campus classes and disseminates the tapes to approximately 50
sites throughout the state. The Instant Replay system will be discussed in
greater depth in the second section.

The video-taping of an on campus calculus class proved to be infeasible due to:
1. Differences between the THA-Master philosophy and our standard
calculus sequence.
2. The cost of additional presentations needed to bring our cuurse in
line with THA-Master.
3. The release time for the staff to do the course dev elop=ent
neeessery was beyond the scope of the grant.

Hence a search was initiated for a commercially available calculus video-taped'
presentation. Several were considerr.d and the ITV Calculus sequence produced
by the Maryland Deptartment of .Education was purchased. The ITV Calculus
was chosen because of its affinity with the THA-Master philosophy. its
adaptabliry for teacher training and its ease of use in the Instant-Replay
format. A student workbook and test booklet accompany the tapes. The one
major drawir ':: to the ITV C.alzulus is that it is keyed to Thomas' Calculus Text
which has an engineering - science cremation.

A second difficulty encountered was that, although over 20 stud:int. in the
summer of 1985 :Apr:sled interest in taking the calculus course by the fall the
number had dwindled to 11. This reduced the pourattai number of site locations
and the cost :ff.:coven:4s of the program.

One of the key dimentions of the THA-Master program. in our opinion. is the
tutorial sessions built into its format We wished to maintain this dimension in
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CAW design. so potential tutors were contat..ed at four sites in Oregon. Of the 11
=dents mentioned above 5 were able to attend at the Salem site, 4 at the Bend
site, and 2 students were to work on their own with the help of a local tutor.
The program was structured so that one evening per week t11 students would
meet at a site, view the tapes, discuss their problems and gals help from their
tutor. They could view the tapes more frequently If they could arrange their
schedules appropnately. (Some students commuted 30110 miles to their sites.)
As the program evolved at the . Bend site,. (located on the Central Oregon
Community Campus). the tapes were duplicated and the students were able totake them home and play them on their schools' or their own VCRs. This
became a definite: plus for these students since they were able then to use the
tapes in three different ways

1. T" introduce a given concept.
2. To intensively study a concept. Portions of a tape could be replayed
until the concept was mastered. A student was free to stop the tape and
refer to a text or the workbook or to do pencil and paper work and
then ,errata to the tape and rerun it if netts:ivy.
3. Asa final review of a concept. .

The students worked individually between meetings utilizing the tapes.
workbook. and calculus teens. The students would also call each other and their
tutor at times to get needed feedback. .

The ITV Calculus is organised into 7 units which are divided into 90 lessons.
The forms is structured so that two half hour TV lessons are followed by one
individualized study lesson. The last lesson in each unit is a test over the
material of the unit. The TV lessons are coordinated with the workbook. The
workbook provides an outline of the TV lessons, comments upon the lessons

examples and exercises. The individualized follow-up lessons are also in
the workbook. (See the appendix for an overview of the lesson content in the
ITV Calculus course.) The stated objectives of the !TV Calculus are:

1. To integrate TV _nstruction and classroom instruction, with each
complementing the other.
2. To maximize the effectiveness of the 8000-9000 classroom minutes
students spend in learning calculus.
3. To utilize teaching techniques that emphasize visualization and
logical development of concepts and their application. ,

4. To develop skills and ingenuity in problem, analysis and problem
solving.
5. To interrelate algebra. geometry, trigonometry and differential and
integral calculus.
6. To establish clear, intuitive interpretations of the principal calculus
concepts.
7. To convey the spirit and methods of proof of differential and
ilhegral calculus. .

The strengths of the ITV-Calculus according to the students were: it was well
organized, each lesson and each presentation was carefully done, history of
mathematics was part of the content, and the visual material was excellent. ior
example in discussing the properties of a parabola a radio telescope was shown
and a lathe was used to illustrate surfaces of revolution. Its weaknesses were
the conceptual gaps' in the presentation, the lack of possible feedback, and its
dependence upon the Thomas text.

- 4l -

14



The nudents were expected to do 2-4 lessons per week. The logistics of keeping
the students coordinated and moving along at a reasonable rate was the
resprissibility of the site tutors. They had tag flexibility of adjusting the
schedule and pace to suit the students' needs.

The students who participated in the course came from various areas
throughout Oregon. Some lived in large communities of twenty to one

hundred thousand population. Others lived in smaller communities of a few
hundred at varying distances from large population centers. One student was
not this to participate tecause he lived in a small community too far away
from my tutorial help. One of the participants teaches in the higt, school in
Prineville, the county seat of Crook county. Crook county has a population of
13.000 and a total area of approximately 3.000 sq. mi, its primary industries are
agriculture (cattle ranching) and lumber. Prinevilles' population is 3,200, and
the high school has 720 students with 4 mathematics teachers. Some of the
=dens Jive as fax away as 55 miles from the school. This participant
commuted 40 miles each way to participate in the program.

Because of the distances to a population center. two students attempted to do
the program on their own with the help of a local tutor. These students were
unable to complete the fast half of the course. Eight of the remaining students
sucessfully cater' ned half of the course; covering differentiate's. applieatio.cs

of differentiation and an introduction to integration. This completes the
requirements for Basic Mathematics certification in Oregon. Three students
completed the entire course and two have attained Advanced Mathematics
Certification. These two students took courses at another university sucessfully
competing with engineering and scienct, students in linear algebra and
probability.

INSTANT REPLAY

The Instant Replay system was developed in 1978 at Western (Then 07egon
Coley of Education) to help solve the problem of the distant learner. The
goa.s of the program as stated in Develop Graduatri_b:nr-traditional
pro cram s, by Dori Becks are to: "1) allow students to schedule courses at

convenient times, 2) provide courses which meet certain requirements for
degrees and teaching certificates, 3) reduce the total cost of educational
services by reducing the commuting expenses. 4) offer courses which are
synchronized with regular summer session schedules so that the total time for
degree or certification completion is reduced, and 5) offer these opportunities
in remote geographic areas of the state to students who reside in areas where
other prostates are not accessible."

She goes on to state: "Viewing sites for the targeted group of students are
established on college campuses. communmity colleges, educational service

districts, libraries and other conveniently located and well staffed community
centers throughout the state.... Each center has a coordinator who oversees

the equipment and schedules vietvirg sessions at the convenience of the
student involved at that site."

By video-taping live classes the interacton and feedback which is often part of

the classroom procedures is captured and viewable by the distant learner. This

helps to compensate for the fact that be or she is not physically prese:nt. Aa

800 telephone number is provided and regularly scheduled office hours are
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arranged for the instructors so that each sLudent can get their questions

answered.
. .

MIL Becks state= "Each smdent, in addition to viewing the tapes weekly,

receives a text, course outline and other printed materials and examinations.

related to the course. After each student has viewed the tape of a proicular
week, those tapes are returned to the college and used again. Since the viewing

of the video tapes occurs after the live rapes are made, Instant Replay students

complete a course and have grades assigned is the following quarter."

Research has shown that Instant Replay students do es well an evaluation
instruments as their on campus counterparts. The major drawback to the

system is financial. The cost of producing, duplicating, and :nailing the tapes

plus the instructional and administrative costs make Instant Replay an

expensive program to maintain. For this reason large enrollment classes are

the only ones which am cost effective.

The THA-Master calculus was different from the typical Instant Replay course

in several significant ways:
1. Small enrollment.
2..Small group tutorial sessions,
3. The utilization of tutom at each site.
4. The use of commercially produced tapes which were reproduced at

WOSC and at local sizes,
S. The students did not follow the same course outline or compete with

the on campus students for .their grades.

PEDAGOGICAL CONSIDERATIONS

Benjamin Bloom slam in chapter 1 of ,Schnnic_ Snei;'v and Mastery Learninz

that 'Them are now many versions of mastery learning in existence. All begin

with the notion that most students can attain a high level of learning

capability If instruction is approached systematically, if students are helped .
when and where they have learning difficulties, if they are given sufficient

time to achieve mastery and if there is some clear criterion of what constitutes

mastery." Mastery is usually defined as attainment of a high level of
achievement on evaluation instruments covering the course objectives. The

objectives of the ITV Calculus, although not stated in behavioristic terms, are

given in the outlines of each section in the workbook and then taught to

through the tapes, examples and problems. The unit tests clearly cover these

objectives. The students taking the ITV Calculus averaged 92.0 through the

first four units. The proceedures developed in utilizing the ITV Calculus in the

Instant Replay format approximates a mastery learning strategy. hese
procedures combine aspects of B'oom's Learning for Mastery Strategy. 1,.eiler's

Personalized System of Instruction and Postlethwait's Audio-tutorial Approach

to Instruction, (see chapter 2 of of Block's =Lulu, ingi-TI.,.L_mt1Uas=.
Learning, where the first two of these strategies are compared). Let's take a

look at the procedures the students and the format which evolved from a

pedagogical, standpoint.

First let us consider the charactenstics of students:
1. They all had teacher training and experience.
2. They were more mature than the typical CalCIlltaa student: most were

in their early thirties.

- 43 -



3. They were Iiighjxntadxsrcti. . -
4. Their prerequisite skill' were lacking in some arms. Although the
students had some : common background many of their algebraic and
computational skills were being recalled from their pwn high scl.zol
training in mathematics or from the mathematics courses they had
recently taught. Hence in some skill areas necessary for sucess in
calculus they were operating at the concrete operational or even at
the pre-operational level. (See Piaget's stage-dependent theory of
learning.)

The last two characteristics were of particular significance. These students

were able to bridge the gap between their skill level and the level necessary
for sucess in calculus because of several factors. one of the major ones being
that they were hig.ily motivated.

Farrell Ind Farmer in their book Cvstematie Instruction in _Mathematics state

that "the heart of systematic instruction is feedback". The operational
definition of feedback given is "any informed= communicated to teacher or
student. verbal or nonverbal. an the results of instruction." Feedback in the

Instant Replay format is a definite problem. It is difficult for the distant
learner to obtain the feedback when needed even with the 800 telephone
number available. Feedback for students in calculus is crucial. it should be
available on a daily basis. The choice of instructional mode is critical in

determining the amours of feedback which can take place, and the TV-

workbook forma for the distant learner does not allow for Limpets feedback.

Piaget's stage-independent theory of learning states the learning takes place

through interaction and agentationofthleuncz. Farrell and Farmer

conclude: "The major implication of the constructs of interaction and

adaptation seems to be the need to encourage an active learner and the need to
individualize.... Nowhere was it suggested that 'individualize' equals 'learn

alone.' In fact. Piagetian theory presents some strong evidence aTaiTtt the
efficacy of 'working alone' as the niost profitable way of interacting with
reality."

Farrell and Farmer. in discussing planning in chapter 6. go on to point out
that the central task of the teacher is to insure that rreaninfful learning takes

place. "Thus, new content becomes meaningful to the extent that it is

substantively (nonarbitrarily) related to ideas already existing in the

cognitive structure of the learner." But meaning is also a function of the
needs of the student. If he perceives that he "needs" to know the content of the

Course it endues these concepts with meaning. It is much easier to learn a

concept if you believe that you need to know it: you look for tie-ins with
concepts and skills you already have mastered.

Through serendipity, the THA-Master calculus program evolved into a format

which takes into account these various aspects of learning theory. To review:

1. The students were mature and highly motivated but lacked some

prerequisite skills.
2. Systematic Instruction was provided through the ITV Calculus

Program.
3. Feedback and corrective procedures must be proviesd for in any

well conceived learning system.
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4. The ITV Calculus program in the Instant Replay format was not
adequate in providing remediation, feedback or corrective
proceedurr.s for distant learners. :

_ .. .,. ..5. Tune to achieve mastery must be provided. :.
,..

.

6. For learning to be effective the concepts to be learned must be
meaningful. This is a function of prior knowledge and motivation.

Hence the key dimension of the program was the weekly tutorial session, and
the key to its success were the tutors. The tutors could better be described as
adjunct faculty. During these sessions the feedback and corrective procedures
were provided. Errors were pointed out and review and practice of
prerequisite skills were provided. Typically, the students arrived at these
sessions after a week of frustration, bringing with them lists of questions both
from the tapes and the workbook. Frequently they, were all having the same or
iimilar difficulties. When they were able to overcome these difficulties. they
gained confidence not only from the knowledge but also from the shared
experience. They seemed to develop an esprit de corps; they acted as a support
group for each other. The tutors were able to bridge the gap between the
students' background and the content to be mastered. They were also able to
expand upon the concepts being presented by showing related examples and
applications. The students were able to provide the necessary time between
sessions to practice and to interact with the tapes. (Some feedback occurred
through this interaction.) Finally the tutors were able to sooth feelings.
provide positive strokes, and help restore their high level of motivation for
the next week's work. In preparation for the comming week they were often
able to anticipate difficulties and to prepare the students for the next lessons.

Careful selection of tutors is second only to the level of motivation and
background of the students in determining the success of this program. The
four characteristics which seemed to determine whether a tutor would be
successful were:

1. Knowledge of the subject miner,
2. Teaching experience, -
3. Flexibility and patience. and
4. Empathy with the problems of the student. not only in terms of the
content. but also in terms of the distant learner in a strange and
experimental learning environment.

Of the four tutors initially chosen one did dot get a chance to work in the
program through no fault of her own, one contributed substantially to the
failure ,f one of the independent study students. and the other two were
preeminently successful, in my opinion. These two had the four
characteristics listed above. They were able to anticipate the students'
problems. help them over the rough spots and prepare the.a for what they
were to encounter next.

CONCLUSIONS AND FUTURE DIRECTIONS

An ideal inservice TV program would have the following features:
1. The tapes would have a branching format where the supplementary
material would cover remedial concepts and points of common
difficulty as well as enrichment material. These tapes could be locally
produced.
2. A supplemental manual containing material related to the
supplementary tapes would be provided for the students. This manual
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would contain further examples. It should be tied to a gmar.ral Text.
Tnir could be =compabed by providing a table of ts keyed to
appropriate chapter and page number in current texts;... Important"
considerations in choosing these texts are that they should have an
accompanying stud=t solutions manual and should agree with the
TEA-Mastor philosophy.
3. The tiltbV should he ezivable a! each it and each smd=t should be

able to take them home or to his =hool in lard= to study the
intensively.
4. ,Setall Yrrutre of students shnuld !Me to meet 22 _tt2.Th Sit" with,
carefully selected rutrIre,

The above suggestions in my opinion Would alleviate many of the mrr=t
problems with the TEA- Master calculus as :mitt in the Instant Replay form=
But. to actually a, ca it a viable program. it =on be expanded to include more
stud= from wider ancrt=ces. I beli--ve that them are many adult freers in
Oregon and elsewhme who would profit from this type of learning mpmi=m.
ROVPNCT, the prop= needs promotional work as well as the changes cited
above. Thmefore, fonds should be sought in the imam to: I) pmduce
supplementary tapes including the needed course day:log=1=u 2) produce
the suppl=nentxry manual, and 3) "...onto= the program.
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PROGRAMMATIC ,"5PECTS OP TRAMASTER AT LONG ISLAND UNIVERSITY

,977

BY

SHELDON PASNER

and

MADELEINE J. LONG

All of the mathematics courses are geared towards training the

pa_ticipant to become a teacher of secondary mathematics rather

than a research mathematician. Although the stress in the treatment

of many areas is different, the mathematical topics covered are

explored thoroughly. The purpose of the program is to train the

prospective teacher of secondary school mathematics to fully

understand fundamental and catical concepts acid topic areas, and

how to best present them to high school mathematics classes.

Motivations, pivotal questions and practical applications

(especially those that would be of interest to a high school

student) are an integral part of the curriculum. Instructors seek

to have students understand a topic in relationship to its place in

the New York State high school mathematics curriculum and to

consider some ,f the following educational factors:

- the overall philosophy of the "new" New York State three

year sequential math curriculum

- the proper sequence of topics to be taught in any given

one-year course

- the relative importance of any given topi- in relation

to the mole course
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Even though the calculus is not a required high school subject,

a thorough study of it by the THA - FASTER stuC-nte enables them to

understand the structure and power of mathematics. In addition, it

serves to reinforce and sharpen algebraic skills and geometric

knowledge, to fulfill the New York Stata course requirements and

provide the student with the mathematical background and skills

necessary to pass the New York City secondary school mathematics

license exam. Interestingly, TEA-MASTER required the Calculus as

early as 1977, while New York State did not require it foi

certification until 1980.

MIth9d of Instruction

A separate lecture and workshop composed of instruction given by

two different instructors, a college professor and an outstanding

high school mathematics teacher, has met with a great degree of

success. Lecture and workshop can be characterized as follows:

A. Lecture Session - 3 hours. 10 Sessions_per Course

- the instructor introduces part of a new topic

- theory is explained and proofs of certain mathematical

_heorems are derived

- model and illustrative examples aru given and explained -text

readings and homework examples are assigned

- applications to other disciplines are discussed

D. ;lor';sho Session - 3 hours ter Course

- new work previously taught is reexamined

- topics are explained from a non-theoretical viewpoint -
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a "plain English" simplified explanation is given with

illustrative examples

- alternate methods of solution are encouraged

- large degree of student participation is evident -algebraic

skills are stressed along with incressins the

student's mathematical knowledge

- suggested techntques and examples to use for motivating

a high school mathematics class are given

- extra problems are given and explained in class

- reinforcement of previous topics is an integral part of

each session. At all times the student maintains awareness of

the concept and its relation to a topic area.

Courses

Refresher Math tAlgebra and Geometry)

Survey of Mathematics (Pre-Calculus)

Applied Calculus I (Differential Calculus) Applied Calculus II

(Integral Calculus) Introduction to Modern MW:hematics

Selecaed Topics in Modern Math for the

Secondary School Teacher
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Commarison of THA-MAFTER Calculus and the Traditional Course

The major topic areas of both the differential and integral

calculus are taught in detail in the THA-MASTER. Emphasis is given

toyards student mastery of concepts basic to the calculus -such as

the concept of a limit. Even though proofs of some tleorems are

de-emphasized, the statements and applications of all theorems are

stressed, a logical consequence of TEA-MASTER, whilh stresses the

training of teachers of mathematics, not research mathematicians.

Lime is also spent on the mechanics (algebraic techniques) of

differentiation and integration since these techniques carry over

to topics taught in secondary school mathematics. Topics related to

more aavanced and specific scientific applicaticns of the calculus

(moment and center of mass,,work, fluid pressure,...), specialized

techniques of integration (partial fractions, trigonometric

substitutions, . ) and those geared towards more advanced study of

mathematics (hyperbolic functions, polar coordinates and vector

calculus) are not covered in detail due to lack of time in the

syllabus. ExLmples of these are the topics of infinite series and

differential equations. Throughout TEA-MASTER courses "real life"

examples from fields such as biology, business, ecology, economics,

educational psychology, medicine and the social sciences are given

and investigated by the methods of the calculus.

A detailed topic breakdown listing topics covered by a calculus

"math major" course and TEA-MASTER course at Long Island University

is contained in thl appendix.
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Topic

Appendix

Calculus Topics

ICovered in bath
Major Course

Covered in
Imk-aurzt

1) The rats of change of a function
a) Slopes and equations of a straight line
b) ?unctions and graphs
c) Says of combining functions
d) 4werage rata of change

,2) Limits and Continuity
a) Theoretical definition of a limit (the

"epsilon delta* definition)
b) Theorems about limits
c) limits and infinity
d) Continuity
e) Derivative of a function

3) Derivatives of algebraic functions
a) Techniques of differentiation
b) Camped= lanctions.and chain rule
c) Inverse :functions
d) Iaplie3t differentiation

4). Aprlicatinne of the derivative
a) Increasing and decreasing functions
b) latrine valves
c) The second derivative
d) Curve ikemehing
e) Maims ard minima: theory
f) &aims and minima problems
g) Bolls's theorem and ran value theorem
h) Tangent line approximations and the

differential
i) Belated rate problems

3) Integration

a) Anciderivatives - the indefinite intagral
b) 7ntegration by substitution
c) The area under a curve
d) Computation of areas as limits
a) The fundamental theorrm of intgral

calculus

f) The trapezoidal rule

6) Methods of integration
a) Visit formulas
b) Integration by parts
c) Integratioa.by partial fractions
d) Special integrals lthda2-1,2042.1.1', et:.
e) Integrals with + bX+c
f) Trigonometric integrals (and de:Iva:Awes)

Trimometric substitutions
h) Improper integrals

7) Applications of the definite integral
a) Area between two curves
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Topics Covered in Math
maior course

b) Volumes of solid of ravolution
c) Length of a plane curve
d) Area of a surface of rivolution
e) Average value of a function
f) L' .meats and center.of mass

i) Hydrostatic pressure
h) Work

8) Transcendental functions
a) Trigonometric functions
b) lovers* trigonometric functions
c) The natural logaritha
d) Derivative of La X
e) Properties and graph of lin X

f) The exponential functions 42

s) Derivative and integrals a exponential
functions

h) Applications of the exponential functions

9) Function of prveral variable
a) Partial ncriwatives
b) ?strum* values
c) The directional derivative

10) Multiple Integrals
a) Double and triple integrals
b) Cylindrical coordinates
c) Shperical coordinates
d) Surface area

II) Hyperbolic inactions
a) Definitions and identities
b) Derivatives and integrals

12) Polar Coordinates
a) Polar coordinate system
b) Polar equations of conics and other curves

13) Vectors and parametric equations
a) Parametric equations in kinematics

b) Space coordinates
c) 'Lector components

d) Vectors in space
e) Scalar and vector products
f) WC= ft=7.10MJ and derivatives
g) Ve ::or anllysis
n) Surface and line integrals

;4) Infinite Series
a) Covergent and divergent series tests
b) Power series expansion of functions
c) Taylor and ticClavria series
d) Alternating series

:3) Differential 4uations
a) First-order equations pith variable

separable
7itst order homepeneous equations

c) Srecial types of second-order equations
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Dr. Madeleine 3. Long is the Director of the Institute
for zhc Advancement of bethematics.and Science in the University
School of AAS and Sciences at Long Island University. She
is also the Executive Project Director of TEA - MASTER as well
as the director of two National Science Foundation progrums
for elementary and middle school teachers in mathematics and

science. It was her dream and vision which enabled development
of TEA-MASTER, the nation's first formal retraining program, from
a program which served New York City alone to one which is
currently offered in all parts of the United States.'

Dr. Long received her B.A. from Queens College, M.S..from
Harvard University and Zd.D. from Columbia University. She

headed the Division of EdUcation at 1.Ong Island University's

Brooklyn Campus far fifteen years, a position she'left to accept
directorship of the Mathematics and Science Institute in 1983.
Dr. Long has regularly presented papers at meetings of the
NationalCouncil of Teachers of Mathematics and the National
Science Teachers Association as. well as at organizations like

the America= Chemical Society, the American Education Research
Association, the American Association of Higher Education, the
Association of Teacher Educators and the American Association of

Colleges of Teacher Education. She is on the editorial board,

of the .Journal of College Science Teaching, a member of the
New York State Advisory Council for Excellence and Equity.
for Woman and Minorities in Mrthematics and Science and has
served as a.consultant to unixersities, school districts and

state boards for mathematics and science. Her publications

range from literature to philo ophy, to teacher education, to

mathematics and science education.
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Sheldon E. Pasner has been an Adjunct Associate Professor
of Mathematics at the Institute for fae Advancement of Mathematics
and Science for the past five years. In this capacity he has
taught Refresher Mathematics and has been a workshop leader and
instructor in other courses in TEA-MASTER. He has also taught a
wide variety of computer courses at Long Island University for
elementary and secondary school teachers, supervisors and adminis-
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as Assistant Chairman with the responsibility of supervising twelve
classes in an experimental mathematics and computer science program.

*

*

*

*
*

*

*

*

*

*

*

*

In his capacity as Curriculum Coordinator for the Comprehensive
Mathematics and Science Program at Cooper Union School of Engineering,*
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W0110 IN MATHEMATICS: SUCCESS IN RETRAINING

BY

ROSE MARIE SMITH

CHAIRWOMAN, DEPIBiXENT OF MATHEMATICS
COMPUTER SCIENCE AND PHYSICS

TEXAS WOMAN'S UNIVERSITY

Ter-g is in severe economic trouble. Texas is
exporting population for the first time in the 150-year
history of the state. Texas does not play the role of poor
with grace. We began our project as a site for the
TEM-MASTER Program, before disaster hit, in the rummer of
1985.

The First class convened during August with thirteen
intense students. I taught the first class because I wanted
to become acquainted with these students. They were cur
first investment in this Project.

One student did not survive. This student did come
back in the fall; she tried again and made it. Today sh, is
still working on certification in mathematics. I believe
she will be successful.

The other twelve students made an A or B. They were
hooked. They had always had an interest in mathematics and
now wanted to teach mathematics. They had never been in a
position to learn mathematics. There were two men and
eleven women in this first group. They all had
certification and were teaching, but none of them was
teaching mathematics. Lynette Cole, who is here with me at
this conference, was part of this first group.

During the fall of 1985, we had our second course.
These students had never had a course in trigonometry. Or,
if they had, it had been so long ago that they did not
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remember muck. of the material. We used the Survey of
Mathematics II to learn about trigonometry. There were .

twentytuo students in this class. There were two men and
there were two black women. Three of these four persons
dropped the class. One of the men stayed and has comTleted
the program. $ have not had success in working with
minorities. We have a good record of working with
minorities at TWII, but we were not able to capitalize on
that here. One of the two black women returned and worked
very bard in later coursework to ?earn mathematics. We
worked very hard together, but ve did not have success. We
have much to learn here if reclaiming adult minority persons
into teaching mathematics is to be successful.

The spring of 1986 brought us to the first semester of
introductory calculus. The students faced this task with
fear and trepidation. They bad an excellent teacher. The
faculty in the program are eminently qualified to teach
mathematics and, equally important, are su lssful teachers.
Two students, both women, dropped. Both came back later and
were successful. The other students finished with good
understanding and appreciation for the material.

The first session of the summer of 1986 gave these
participants the opportunity to trythe second semester of
introductory calculus. They were quite strong by this time.
Their self image was growing. They could view themselves
doing mathematics at this level. One of these students was
a woman who had had her first baby during the fall semester,
had taken the first semester of the calculus during the
spring semester and was now rejoining her colleagues in the
program. All finished with flying colors. None was lost
from this class.

The second half of the first session was spent with
Topics in Mathematics. The teacher realized how hard they
had worked in the previous course. The students learned the
topics here, and spent some time thinking and preparing
materials to present these topics to their future students.

The first part of the second summer session, the
students continued on to the History of Mathematics. Again,
they were successful. The second course was in Modern
Geometry. I taught this course because I wanted to teach in
the program. Also, I am very partial to Geometry. By the
end of the course, my students shared my love of-the
subject. They will be good geometry teachers.
The grant was concluded. The students needed one more
course to complete certification. Statistical Methods was
offered during the fall of 1986 on Thursday evenings. They
are enrolled now, and will complete this course in December,
2986.
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Some of them will be continuing to work on a Master's
degree in mathematics. They will need to take a course in
linear algebra to complete the prerequisites for the Master
of Science degree in Science Education. Some of them may
choose to do some more advanced work in mathematics, so they
can complete a Master of Science degree. For some, the work
will come now for others, later, but the door is open.
Twenty-three students were helped with this project.

The Department of Mathematics, Computer Science and
Physics at Texas Woman's University has a long history of
developing mathematics teachers. I was a product of the
National Science Foundation Institutes for public school
mathematics teachers and then later, an NSF program for
college mathematics teachers, both of which were conducted
during the sixties. Dr. Harlan Miller, then Lhairwoman of
the Department of mathematics at Twn, was the director of
the Institutes at TWU. The impact of these experiences on
my life and career cannot be measured. I can identify with
each of the twenty-three students who worked in our project.

Dr. Miller received her Ph.D in Mathematics in 1942
from the University of Texas as a student of R. L. Moore.
She came to North Texas State University as a member of the
Mathematics faculty. She yes told that she might not be
able to keep her job when the men came home after the war.
So, she left North Texas and came to TWU. She served as a
faculty member and as chairwoman of the Department of
mathematics at TWU until 1968 when she retired. She was
capable of ding research in Mathematics, but teaching was
the love of her life. Some of the faculty who worked with
her taught in our project. She has left an important legacy
for today.

1a have just completed another grant at TWU in which we
were able to give stipends to the involved students. This
is the first time we have been able to do this since the NSF
Institutes disappeared in the early seventies. This kind of
monetary support is important if we are to reclaim competent
people as teachers of mathematics. The resources for the
reclairing project are women who will do the coursework
necessary to learn mathematics on a part-time basis.
These women are a resource available to us but we must
proceed with caution. They have been told all of their
lives that, as women, they are unable to join, and unwelcome
for inclusion into the world of mathematics. They must hear
another message and that message must be loud and cicar.

In an article entitled "Working Mothers Raise Better
Students" in the Denton-Record Chronicle for August 26,
1986, four researchers from Ohio, who presented their
findings to the American Psychological Association in
Washington, reported the following:

- 57 -



o Children of working mothers tend to do better in

school, are absent for fewer days and have better

communications skills, than chi.i.dren whose mothers are in

the home during the day;

o Women who have jobs outside the hcmes are more likely

to be confident they are good mothes, and their children

report better relationships with thsm;

o Overall, the child benefits when the mother works;

o All significant differences in social and academic

criteria favored children of employed mothers;

The "traditional" American
sole breadwinner and the mother
becoming a rarity. By the year
households in America will live

family -- with the father as
a full-time homemaker --i
1990, only la percent of the
in thi family pattern.

This kind of hard research data is showing the increase

in the skills of parenting of the working woman. Certainly

the improving parenting skills of the husband of the working

woman is also noted here. Notice the men taking young

children to childcare centers these days. Notilie the women

and men in the grocery store in the evening with small .

children in tow. Something is changing in this country.

But people in the world of mathematics are not keeping in

touch.' I could cite three examples.

My first story concerns a meeting I attended about two

weeks ago. We had been working together for about a

year-and-a-half. Normally, there were representatives from

industry with us, but this was a subcommittee on computer

science curriculum. All academic types. Usually, there

were junior college representatives; today, there was only

one junior college representative, and he came late.

Normally, for computer science curriculum discussions,

the representatives would reflect an engineering background,

a mathematics and science background, or a business'

background. On this day, however, the fifteen people all

came from an engineering background.

Thus, the people in the room when I arrived were

administrators from engineering. One was an associate dean,

instrumental in the development and building of a Robotics

Institute which has impressive economic backing from

industry in the metroplex area. This dean had been able to

cause an influential group of women, based in Austin but

with contacts throughout the state, to consider ways in

which girls can be encouraged to study mathematics and

science." The idea has spread in the group and has received

good support and committment. There seems to be an

understanding of the difficulty of the task. These are
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womeg who, for the most part, have successfully avoided
mathematics and science in their own lives, but they
realized the growing importance of mathematics and science
in the lives of our next several generations, and are
creatively developing strategyto proceed.

As I walked into the room with my fifteen male
colleagues, I said hello to most ..: them, for we knew each
other. I introduced myself to the few now faces. Two of
the men had received promotions since last we met. A "Hail,
fellows" attitude prevails. The boys and I arranged
ourselves around the table. We had each brought a large set
of materials with us. We had a bureaucratic task in front
of us. Our entire assignment was an outgrowth of the
Mayor's Task Force on Technology. The Fort Worth-Dallas
area is desperately grasping to become successful in the
technology marketplace. Certainly, the potential exists in
this exciting part of America.

As we'settled into our work, one of my friends comments
that there was only one restroom for women in this building.
We normally had met in the student union building, but today
we were iu a seminar room in the engineering building. He
continued to say that the secretaries needed a ladies' room
and he had helped them draft a manifesto to secure one. The
request had bean granted. The 'result was that a new sign
bad been hung on the door of one of the restrooms down the
ball. He laughed, and further commented that no plumbing
changes had been ordered. He announced, with glee, "the
urinals remained!"

As he made these absurd statements, the other men began
ioining in the ridiculous comments. I could only stare at
my colleagues with disbelief. The leader's final parting
shot was: "If women are going to come into engineering,
they will just have to realize that this is a man's world."

Shortly, the foolishness concluded. We then proceeded
to our tasks and spent a productive two hours engaging one
another in interesting and challenging conversation
concerning the first two years of study in an undergraduate
degree in computer science. The role of mathematics in the
study of computer science was discussed.

As we broke for lunch, I asked, "Can one of you show me
where the restroom is?" They all laughed!

This is not a funny story. The men in this story were
open with their uncomfortableness at my presence. The woman
in the engiheering setting causes turmoil. The great white
m-le is threatened. We must deal with this if we want women
aud minorities in mathematics. Scenarios such as I have
described are playing out all over the country with very
young women, and with women older than me.
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My second example is about a student I passed in the
hall. "Do you know who is teaching Elementary Analysis I in
the spring," she asked with a desperate look on her face. I
heard her question before I noticed her. As I looked at
her, I recalled why I knew her. She bad come to my office
to complain about one of our graduate teaching assistants
who is her teacher this semester. We had talked a long
time. "You know my needs, she continued. I recognized the
plea on her face. "I'm not sure yet of class assignoents
for Spring," I quickly replied. "Let's talk again oloser
go registration. I'll help you find a good situation," I
promised. Her face relaxed a little and She walked av-1. I
filed her name and face away in my mind so I would reTem.5er
to help her. She wants to learn some mathematics, but she
has little background. She deserves a chance. She carries
a heavy burden. She represents many women. I will help
her, but can she hang on to learn the material she has been
denied?

My last story concerns a woma' who was sitting in a
chair outside my office doer. A Hispanic woman about
forty-five years old. She was in extreme distress. She was
taking a computer literacy class. :aie is currently working
on a degree in elementary education. Her teacher was a
woman from India with a 1011.D in Computer Science. Olivia
told me of her distress. Her voice rose as she came vary
close to tears. She felt her grades were very poor and was
afraid she would fail. She did not need this threat. Going
to college was important to her and her continuance and
eventual success was important for many reasons. has
had very little experience with quantifying situations. She
had to feel that I understood her distress before we could
begin to discuss her problem. Two days later, there was a
note in my box: "Thanks for listening to my woes."

Would my engineer-colleagaes have understood the needs
of this middle-aged Hispanic woman? Could they, or would
they, have helped? My guess is NO. They believe that the
student who needs care is capable only of second-rate
curriculum. They don't understand that needing support to
succeed is not being weak. They haven't been to the well.
The humar resources are all around us, but the stage must be
properly set. Dr. Harlan Miller, my mentor, understood
this. She expected more from me than I knew I had to give.
I produced for her in a way that was impossible to do
witls=t her. We never discussed this. but she knew and I
knew. I wc..-ad have qui6 many a time, except for her. I owe
her. My debt to her can only be paid by reinvesting.

In the redort of the National Science Board Task
Committee on Undergraduate Science and Enaineering
Education, March 1986, the following comments appear:
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"The Nation is not being adequately served by current
efforts to increase the number of women and minorities in
the science and engineering workforce. 'Onless these efforts.
are maintained where they are effective and intensified
where they are not, the nation will continue to depriv
itself of an important source of future scientists anc
engineers to offset the Aecline in total number of new.
entrants expected between now and 1995..0

There is a glimmer of hope in this statement. Clearly,
same efforts are successful. Will the National Science
Board be perceptive enough to seek out these abilities? I

hop- so.

There are other signposts: On the cover of Electronic
Learning for Sept. 1946, there were pictures of four
executives from IBM, Tandy, Commodore and Apple
Corporations. In the accompanying article, these four are
described as "complex, cleaz-thinllang, savaae."

Betsy Pace, 32, is the manager for K-12 educational
Marketing for Apple. She is further described as
intelligent, ,.leer- thinking, realistic, sincere, and
thorough reflecting the ynuth- oriented, serious, analytical
approach of the new wave of Apple executives. Except for
"sincere" you might not notice Pace's first name is Betsy.

An article in The Chronicle of Higher Education,
August 6, 1986, comments that the appearance of the David
Report has helped persuade Congress to provide the rield of
mathematics with relatively impressive increases in support,
which have exceeded 10 percent annually since fiscal 1984.

The panel recommended that mathematicians "greatly
step" up efforts to increase public awareness of fundamental
r-.thematics and its importance. Kenneth Hoffman, professor
of mathematics at the Massaalmsfstts /nstitate of Technology,
served as executive director of the David panel and has
started a project to increase public awareness by making
mathematicians more available to the press.

He urges that Mathematicians publicize meetsngs,
promote greater coverage of mathematic,: by the news media
and suggests that mathematicians at universities spend time
educating the public about mathematics.

Hoffman states that we have just entered an era in
mathematics that is doing to defy anything the world has
ever seen. That, coupled with the computer rdvolution, is
aoing to make the next 20 years something to see. is
important that this society be ready to participate.

I would submit that the role of women and minorities in
mathematics and science can, similarly, kr,1 publicized with
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huge payoffs for our nation. Women have left the classroombut they are returning. They will be needed ane. minoritieswill be needed if this country is to participate, much less
take a leaderthip role, in this important development.

- In Lynn Steen's compelling article in the Colleoe BoardReview f,r the summer of 1986 entitled "Stress Points in3chool ard College Mathematicsee he mentioned that the firstpoint of stress was the sad fact that most of the
m a-liematics taught in United States colleges and
ua.versities was really high school mathematics. His second
comment was onthe need to add newly-important parts of
mathematics tam: already over-filled cucriculum. This
second stress point came mainly from the public to add
courses in computing,

Another stress point raised: "Should we continue toteach students to carry nut by pap... unA pencil 4.u
calculations that computers can now do much better?" Steendiscussed what be calls three curricular gyroscopes:
teachers, textboora and tests. Be spoke of a particular,
and serious stress imposed by each of these. His outcome isexciting and appropriate:

We must find a better way to educate
students leave mathematics at an
early stage of the curriculum, although
not at an early age.

They need to be taught in a way that
build confidence in their own abilities
to ask the right questions and to be
skeptical of disingenuous answers.

I would submit that another subtle but powerful point
of stress has been the evaporation of women as a steady
source of good wathematics teachers for our public schools.

Women have left the classroom, but they are returning. They
must have ircentives to stay.

In the conclusion of his article, StB,en spoke of the
establishment of the Mathematics Science Education Board.
Sbirly Hill of the University of Missouri at Kansas City
will chair the MSEB which will be charged to provide a
continuing national capability for overview and assessment
of mathematical sciences education.

Professor Shirley Hill represe:::s a woman respected by
the science community. Her prestigious position on this
board recognized publicly the importance of women in t]-.e
solving of the national problems related to mathematics
education.
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Themathematift cnrricallna is in disarray in Texas.
Coupled with the severe economic probliens facing the state
the stress on Texas public school teachers is e7,."zreme. We
need a model public school mathematics curriculum in Texas.
We have well- meaning mathonaticz teachers teaching Informal
Geometry and Computer Mathf-latics on the 'me ?land, while on
the other band staff members of the Teams Education Agency
are enable to tell these teachers if ire specific course
content they are teaching during any given week is
appropriate. .

We mast retain 'Ulf women and men we have in the
mathematics classrooms today. We must send the message to
them that they are needed, that they can receive the help
they need to do a better job with., each group of students
they teach.

We must formulate a curriculum that will prepare the
college-bound student and the student who goes into the
marketplace.

The "Program to Prepare Teachers of Mathematics" at TWU
and thi other aitaa around tha country NT a good beginning.
Twenty-three mathematics teachers received this kind of
support with a $15,200 investment from FIPSE, leadership
support from Dr. Long, in-kind contributions from TWU, and
exciting classroom interaction with competent faculty and
dedicated students.

This was a project we were proud to be a part of and
have high hopes that other related ca.,portunities will be
available.

***********************************************7.**********************************
* *
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A STRATEGY FOR RETRAIN/Nn OF TEACHERS FOR MYSICAL SCIENCE

BY

PAUL A. LIGHTS=

CHAIRMAN, DEPARTMENT OF PHYSICS

WALLACE AAS

PROFESSOR OF PHYSICS
UNIVERSITY OF NORTHERN COLADO

INTRODUCTION

Concern over the shortage of science teachers, especially those in physical
sciences, has been expressed in many forums. Various recruitment techniques to
fill thin ranks have been proposed. Long term solutions have addressed ways to
enhance the desirability of science teaching as a career to be considered by
today's youth. Short term solutions have addressed ways to attract current
professionals into the science classroom.

Two divergent methods have been suggested to recruit these professionals. One
method is to attract individuals with science/engineering backgrounds to step into
the classroom. Some proposals have involved temporary, visiting assignments by
scientist/engineers to aid current teachers, or teach part-time In critical courses
such as physics or calculus. Other proposals nave aimed at recruiting
scientists/engineers who are retired or near-retirement to consider a
"second-tareer" as a science teacher. However, these proposals face the problem of
re-training these professionals to have adequate knowledge and skills for the
educational environment in the secondary science classroodk

The second method has looked at retraining current tei. '-:rs from other
disciplines into teaching in the sciences. The criticism or this method has been
based on the assumption that retraining these teachers to gain adequate knowledge
of the content and skills of physical science would be very difficult and the' they
would not develop an enthusiasm and lave for the discipline because of their n
"anxieties" about learning physics. However, these teachers have experience a

the prerequisite 'braining in teaching in the education environmelt at the secondary
level.

PROGRAM PHILOSOPHY

This paper presents a strategy that attempts to overcome the criticisms of
second method and successfully retrain teachers from other disciplines to be able
to teach physics and physical sciences in the seconaary classroom. To co this, a
philosophy was adopted that the process of teaching the content and problem solving
skills exemplifieo in physics to these teachers should be a moael for them to use
in teaching, i.e. to teach as they were taught. Recognizing their potential
anxieties ano "ter- of physics", this mooel has to aaareis ways to overcome
pre-existing misconceptions and alleviate anxiety while oringing comprehension of
physical science to an aaequate level for them to step into the Cassroom
confidence and enthusiasm. Master high school physics teachers were included on
the staff to provioe effective teaching mooels for the high school classroom. Ti

physics content covered the traditional subdisciplines. However, processes for
analysing inf mation and gaining insight into a content area were empnasizea, so
that these t. .hers would feel confident at moving into new areas on their own,
rather than teach "rote infmation" from a text. In adoition, the courses were to
be offered over a fifteen month period, allowing participants to continue in full
time employment while completing 20-23 creoits (Quarters).
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NEED. ASSESSMENT

Need for this program was assessed in a step-wise process. initially d survey

questionaire was se," to the aaministrators at 220 senior high and 185 junior high

schools through out t.olorado. Approximately 11% (43) of tne forum were returnee.
These 43 responaents estimated that in their districts approximately 25 teacners

were assigned to teach physics or physical science with less tnan one-year uf.
college physics preparation, and approximately 60 teachers would benefit from

participation in this program. Incentives or rewaras for a teacher to participate

in the program identified by these administrators were: salary increments (40%),

job security (33%) recognition (9%), self-satisfaction ano better unuerstanoing of

physics (9%)..

These aaministrators indicated that 33% of the districts woulo oe willing to

aid in retraining through stipenas, released time, etc. ano estimated that
approximately 43 teachers would be willing to participate and proviueo 40 names of

potential participants.

For logistic masons, the first offering of this program was focussed on the
high-population density Front-range area centered around Denver. The next step in

assessing neea: as to seno brochures to all names suggestea by responuents to the

survey, to all school districts in the Front-range, to names on mailing lists of

science teachers in the Denver area, and to inaiviauals requesting information

about the program. From these brochures, we received 77 requests for application

materials (31 female, 46 male). We screened the applications to aetermine the
number who had the required minimum math and science backgrounds, but who did not

have extensive preparation in physics. Twenty-eight participants (11 female, 17

male) were .1ccepted into the program.

PARTICIPANT PROFILES

The background of the participants was varied, thougn oominateo by 15

individuals having majored in Biology. Other unaergraduate majors represented

were: 1 home economics, 1 physical eoucation, 1 inuustrial-arts, 1 pnysicai

geography, 1 earth science, 2 .mathematics, 2 science education, 2 chemistry, and 2

physical science. The 4 in physical science ano chemistry petitioneo to be

Included even though they had previous preparation in physics. All four hau_

reoeiveo their uegrees over twenty-years ago anu aesireo a "retresner ". The otner

25 participants averaged 5 semester creaits in physics preparation, comoareo to an

average of ?8 semester credits in biology, 13 semester creoits in cnemistry, dnu 11

semester credits in earth science. Fourteen of the participants hao matn
preparation through at least introuuctory calculus, 11 otners hao at least college

algeora, and 3 technical or general introductory math.

This data collectively aemonstratea tne neco for a retraining program. in

oarticular, there seems to be a caare of biological science teacners interestea in

moving into pnysical science teacning.

:URRICULUM

The first course in the program is a preparatory course. Lis COurSe reviws

some.oasic algeora and trigonom,,tric manipulation, tnen emonasizes nuantitative

:rcolem solving tnrougn orapnlcal analysis, mums esnna :ions anc mowal
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calculations ("Fermi problems"), and utilizing verbalization and feedback (e.g. see
Clements & Lockheed). This course is oelivereo as a two-week intensive worKsnop
during the summer.

The sequence of four content courses are offered over 12 months in a format of
12 repeating three week patterns consisting of a Thursday evening during week 1, an
intensive all-day Saturaay at tne eno of week 2, and a Thursoay evening ouring week
3. A week of individual study typically separated oath 3 week cycle. The Saturday
classes incorporate laboratory activities extensively.

The nominal content is structured around the typical sequence of Mechanics;
Light, Heat and Souna; Electricity ano Magnetism; ano Mooern Physics. The nigh
school master physics teachers are used to help structure the course so that ten!
college level physics learned by the stuoents can be applieu to teaching dctivities
encountered in the t.gh school classroom.

The final course is a seminar in "Current Problems in Teaching Physics". This

course reviews the recent literature as it relates to perception difficulties
stuoents have with physical phenomena, the concepts of cognitive science applieo to
physics instruction, and the discussions of the role of physics within the
secondary school curriculum.

EVALUATION

The key to this strategy hinges upon establishing that the participants gain
an understanding of the content and have a feeling of confidence and enthusiasm for
teaching physics.

To demonstrate the comprenension of content, a pre-test ano post-test were
used. These were multiple-choice tests that covered the topics of the four content
courses. The questions used for the pre- ano post-test have peen stdnoarizeu
nationally for students completing one-year of college-level physics.

The pre-test scores for the 28 participants averageo below tae ZOth percentile
of students completing one-year of physics. One individual showed a pre-test
comprehension equivalent at tne ?oth percentile level and six others were grouceo
in tne 40 to 75 percentile region. The remaining 21 were below the 30th percentile.

Of tne 28 participants that started, 14 ;50%) compieteo the program. Those 14

tnat completes the course had a pre-test average at approximately the 20th
oercentile, wnile the otner 14 nad an eve -a at aoout tne 12th percentile. Tnt

cost test-scores of those that completed 1.d course showed improvements with one
aoove tne 90th percentile and two others aoove tne 75tn percentile. Five were In

tne 30-75 percentile and tnree remained oelow tne 20tn percentile.

The non-finisners were 9 Biology, 1 Math, 1 Home Economics, ano 1 Science
Education major. The finishers typically had 8 semester hourse more pnysics
oreparation tnan oia tne non-finisners, and tne math preparation was similar.

2 enthrsiasm and confioence level were measure° by a self-evaluation cone Dy
tne carticioants in response to a queStionaire upon completion of tne procran..



There were also standard course-evaluations completed by the students at the

completion of eel) course. These evaluations provided feeri-back about the stuaents

perceptions of the appropriateness of the courses and the extent to which the

program was meeting their goals.

COMMENTS

This program has been successful in this format in the populated metropolitan

area. however, a severe need for this type of retraining exists in Coloraao and

many other western states in the rural school districts. Typically, tne science

teachers in these rural districts must cover two to four content areas (e.g. some

rural dis:ricts have one science teacher for all science, grades 7-12.) in

addition, these teachers typically receive lower salaries (by differentials as

large as 50% of metro salaries). These rural districts typically have a single

high school serving a geographical area greater than 350 square miles and a stment

population less than 50 per grade level. Therefore, a program cannot craw an

adequate number (15-20) of tee:hers to a central location (commute distance less

than 50 miles) to participate. hnsible maAfications of this program woulo be to

offer a summer program on campus. However, this model would require funding for

subsidizing the relocation and housing costs of these low paid.teachers to move

100-400. miles each summer and then return. Another possible model would be to

utilize telecommunications, computer assisted learning, and pre recorued viaeo

materials. However, this model 4ould also -require substantial funding and creative

adaptation to still incorporate the teach as you were taught and hands-on - -

laboratory experiences. This model does offer the potential for the most radical

innovations to occur, and perhaps provide beneficial moaels for exploitation of

these technologies for other educational settings.
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* Dr. Lightsey was chairperson of the Physics Department and also *
* chaired the ad hoc committee that developed the in: rdisciplinary *
* Masters Degree in Science Teaching at UNC. Dr. Lightsey received *
* his B.S. at Colorado State University and his M.S. and Ph.D. at. *
* Cornell University. Be has been active in science teac!er
* preparation and in professional education organizations including *
* the Society of College Science Teaching /National Science Teachers *
* Association and the AmericaihAssociation of Physics' Teachers (MPT). *
* Be has served on national committees and as a section officer in *
*. the LAPT. In addition, hs is a member of the Optics. Society of *
* America, Society. of Photoinstrumentation Engineers, Arerican *
* Institute of.Auronautics and Astronautics, and Sigma Ii. Dr. Lightsey *
* : is.currently employed at Ball Aerospace Systems Division. He *
* remains active in education concerns serving on the Steering *
* Committee of the Colorado Alliance for Science and continuing ac *
* an Adjunct Professor at UNC. *
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RETRAINING EINSTEINS

BY

WALTER G7.SCRHAN

PROFESSOR OF PHYSICS
LONG ISLAND UNIVERSITY

Albert instein was a high school dropout. That he
fated mast was the authoritarian atmosphere and the emphasis
on rote learning he experienced at the ovmnasium (high
school) he attended in Punich. The only schooling he ever
e njoyed wss the year he spent at a Postolazzi oriented school
in Switzerland, where he found freedom and kindness and was
e ncouraged to as questions. When he enrolled at the Zurich
Polytechnical Institute the following year, his intention was
to be trained as a high school physics teacher. Things
turned out otherwise. Theirstical physics became his life
worn but his concern for education never slackened. He nas.
been a guiding spirit an our efforts to retrain high school
physics teachers at Long Island University*. Brooklyn Campus.

The aim of science. for Einstein, was to coordinate
experience and bring it into a logical system. In this he
agreed with slier eminent scientists of our age. Physics
seeks to exp_...e pattern* compatible with our sense
impressions of the physical world. Now in order to teach
young people and their teachers this knack it is important to
beaware of several factors that seldom work their way into
curricular 4i :ussions.

ronside the role of imagery. Image 4s the root of
imagination. Einstein thought in images:_.

The psyct'cal entities which seem to serve
as elemen in thought are certain muscular
signs and more or less clear, Imapes which
can be voluntarily reproduced and combined.
...this combinav,ry play seems to be the
essential feature in productive thought be-
IA= there jj LML ;amt:x=21m la
words, ...Imagination is more important
than knowledge.

Imagery and imagination can be of great practical value. For

example, I am bothered by the term "retraining" because I

3icture a train being switched from one track to another, a
one track mind being re-routed. ?laying with tnese images
suggests:'.de-railing dogmatic thinking, opening vistas by
gettino people off the trains, having them walk, or fly. Re-
trainee .teachehs are sometimes referred to as retreads -an
apt image. That suggests a solution. Let's not present
physics as a seoarate veneer but as an outgrowth of history
and of human activity, creating a stron; bond, a glue that
connects the new to the known.

The role of analagy and metapnor is a powerful one
because it encourages the innate ability of our students to
see patterns; to look at a set of data or observations and



1

e xclaim I see it!" Imagery, imagination, intuition are
e ffective in grasping the oestilt, in seeing how the details
hang together; that is what is meant by "getting the hang of

it'.
The ability to see the entire pattern as a whole is

therefore vital in scientific understanding and in effective
science teaching. But this ability can not be transferred by
memorizing definitions or equations, by sets of rules or
ordering of topics. "There is no logical path to these
laws tof natura3;" says Einstein, 'only intuition resting

on sympathetic understanding of experience can reach them.'
Sympathy and intuition are feelings. Analysis alone is

fruitless. As we teach our students to digest and separate
nature into its smallest parts, we muest teach them as well to
feel the harmony of the whole. It's a basic skill. Einstein
spoke of it in these words:

The individual-feats the sublimity and mar-
velous order which reveal themselves in nature
and in the world of though! He .wants to
experience the universe as a single significant
whole... In my view 1.1.11,j_ttl ic_lan imoortont,

function gi ar an science, t, awaken this
feelino and keep it alive in those who are
.capable of it.

How do we awaken this feeling? How do we reveal the
simple in the complex, the sraer in the apparent chaos. of our

experience? By cultivating the innate sense of wonde and
beauty that lurks in all of us. "All our detailed
knowledge", said Einstein, "is but a flight from wonder."
"The scientist does not study nature because it as useful",
said Henri Poincare, "he studies it because he delights in
it, and ht delights in it because it is beautiful.' "There

exists a passion for comoehension, Just as there exists a
passion for music." said Einstein, "That passion Is rather

common in children but gets lost in most people later on."
The essence of physics teaching lies in tnt abilitl to
preserve or restore that passion.

To teach science, teachers must be more than trainers,
they must be educators in the root sense of that word,
drawing forth the innate aoll:ty to wonder, to question, and

to respond to tnt harmony of nature. We are not selling
detergents or breakfast cereals or oeodorants who.* appeal
needs to be Jazzed up for its customers. The products we are
selling are among the greatest works the human mind has

ever created. Like great symphonies or paintings, the
Pattern's physicists have found to correlate with experience
are breatntaking.

Of cour'se, no mind has yet come uo with "'Cie ultimate

:.4ttern", nor is this likely to happen. The discoveries of
science are :pen ended. Educationally, this is omod news for

two reasons. Students have a stake in Inc action; tne laws
of ohysics are open for re-vision. And tea:ners can answer
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any question with 'I don't know' and not feel guilty.
But 'I dori't know' is not enough. To engage a class in

meaningful lialogue auphysics teacher must be thoroughly
conversant with the basic concepts of physics. Although a

strong base in Newtonian mechanics and electromagnetism is
essential, one should also be familiar with theetom, the
nucleus, and have some knowledge of such subjects as
superconductivity, quarks and the big bang theor-'. The great

discoveries of outstanding physicists are valuable learning

tools AS well. Niels Bohr's theory of. the hydrogen atom
employs mechanics, electricity and quantum Jumps, which can be

understood on an elementary level, and the theory exhibits
what Einstein descibed as 'the highest degree of musicality

in physics. A couple of weeks spent on the Theory of
Relativity is not a bad idea either.

Scienae.is our century's art. The takeover an be

dated more precisely than the beginning of most .

eras: Friday, June 30, 1905, will do, when Albert
Einstein, a clerk in the Buries patent office in
'Bern, submitted thirty-one page paper, 'On the
Electrodynamics of Moving Bodies', to the Journal

Annals phvsiN. No poem, no play, no piece of

music written since then comes near the theory of
relstivity in its power, as one strains to hear it,
to make the mind tremble with delight. Whereas

fifty years ago it was often said that hardly
twoecore people understood the theory of relativ-

ity, today its essential vision, as Einstein himself
east, is within reach of any reasonably bright

high school student.
H.F.Judann.
Search For Solutions

So we want high school physics teachers who are not only

well versed in their subject, but are prepared to provide

essential visions, stimulate' imagination, imbue a sense of

wholeness, so their students can hear the music before

playing scales and feel what science is and what scientists

feel. To reach adolescents, to hold tneir attention, to
compete successfully with sex, drugs and rock and roll, only
someIhing that can "make the mind tremble with delight" has a

chance.

*!,:************************************************************************************

Dr. Walter Glickman received his B.S. at Alfred University and
his M.S.. and Ph.D. at Pennsylvania State University. His research interests

led him to studies in the development of techniques that would increase
conceptual enders -nding and the sense of wonder in young people as well
as a concern with 'reifying factors of such diverse disciplines as science,

art and religion. *
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SERVICES PROVIDED BY TEA- MASTER

THA-MASTER can provide information and services to all

interested parties who wish to become further acquainted with and

involved in its unique program. This offer is addressed to rural,

urban, suburban and special interest groups wishing to further the

educational excellence of their communities. In particular, universi-

ties, school districts, private and public elementary and secondary

schools and state education departments are ir7ited to communicate with

us. Services of interest include:

* technical assistance
* recruitment
* speakers and consultants
'of staff development.
* evaluation materials
* course descriptions and course design
* video-tapes
* dissemination techniques
* networking
* strategies for dealing with adult learners

Permission for reprinting of any of the articles in this publica-

tion can only be granted by the authors.

Herbert J. Sacher
Editor
Assistant Professor, Science Education
Long Island University
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FINAL REPORT

The Hellman Academy for Mathew tics And Science Teacher
Education and Retraining

FIPSE Funded

Arizona State University
August 31, 1L88

OVRPNIEW

The TEA-MASTER program at Arizona Stat.) Univerety was conducted in close

cooperation with neighboring school districts. This close involvement of the

school districts in the program over the past 18 months is considered one of the

stronger features of t..e project as implemented in this area.

School districts we.e aler-ted to the forthcoming Academy in April, 1985,

and wen informed of its objectives and availaZrility to certain teachers.

Districts were invited to send those teachers whom they considered to be land

able to bei,lit from the program, and whzee subsequent at -vice would be of

greatest benefit to their districts. The participants consisted of those sent
by the districts.

T' 1 program began with thirty-two participants, and ended with 19 The
pre-test was civen early in the program, and the post-test on the next t) the
last day of meetings with the participants. On a comparison of the performance

of the participants on the t.- t), there % 11 a marked increase in their level of

performance, with a difference between the cwo tests at the 0.01 level of
significance.

All participants who completed tha program bu+ three s being utilized by
the districts as full time mathematics teachers. Some are so elated with their



new assignments they have gained renewed interest in teactOng and are fin,._.g

their activities this year exciting and challenging.

EXPECTED RESULTS

One of the expected results of The Hellman Academy for Mathematics and

Science Teacher Education and Retraining, aside from the immediat- benefit of

providing a pool of better, prepared teachers in an area of critical shortage,

was a demonstration or the feasibility of conducting a program for improving the

preparation of mathematics teachers -e a cooperative venture bett.uen a univer-

sity and its neighboring school districts.

Teachers sent by their districts as participants were assigned either part-

time or full time by their districts as mathematics teachers, and were viewed by

their districts as having good potential a° mathematics teachers, but

.dequately prepared to teach mathematics.

Programs of this kind usually deal wi.- teachers as indiv usls, with

little communication actually taking paa le betw.sen the program director ar. I the

respective districts from whence the teachers come. There were several possible

advantages for making initial contact and handling all publicity entirely

through the district administration and for wanting to involve the districts in

the selection of those teachers from their districts who would participate. It

would cause the districts to review the mathematical backgrounds of preparation

of their respective teachers. It would cause each district to emphasize to

their teachers that they were aware of them and their potential as mathematics

teachers, and were giving them moral support in their studies. It would provide

an upportu ity for increased dialogue, in a constructive and meaningful acti-

vity, between the districts and the university. It would increase the lik Ai-

hood tile increased abilities of the teachers would be more fully utilized by the

2
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districts upon completion of the program. It would demonstrate the feasibility

and the advantage of working only through districts.

The expected result of bringing university and school personnel together in

a cooperative venture to achieve a common goal has been fully realized.

There were other expected results from this project. There is a chronic

shortage of qualified mathematics teachers in our node; 0.e of the reasons

for this shortage of qualified mathematics teachers is the difficulty always

experienced in retaining prospective teachers to teach mathematics after they

have worked so hard to obtain the knowledge in mathematics that will qualify

them to teach. With that knowledge, the lucrative jobs in industry are avail-

able to them and, too often, they are drawn away from teaching. By recruiting

teachers to lie trained in mathematics from the ranks of experienced teachers,

it would be demonstrated that this is a brims area for recruitment of potential

teachers of mathematics. In addition, by recruiting from this group, it could

be demonstrated a cost of preparing a teacher of mathematics would be much

less than for recruiting and preparing an entering college freshman.

A total of nineteer teacherL completed the final phase of the program (see

Attachment A). Sixteen of those completing the program have been assigned to

teach mathematics full time in the fall by their respective districts. The

d:-.tricts of the remaining three have been notified of the preparation of these

three and have been alerted to the practicality of their being assigned to teach
mathematics full thee. It should also be mentioned that six of those teachers

who :ropped out, and did not complete the entire program, have obtained, through

the program, better backgrounds than some of' those teachers available otherwise

to teach mathematics in their respective districts. These "dropouts" have also

been assigned by their districts to teach mathematics f ill time.
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The expected result of demonstrating the feasibility of recruling teachers
from the pool of experienced teachers to prepare and qualify to shcr.e up areas

of shortage and need has been .illy realized .

FINANCIAL STATUS

Because of the level .1 interest of the school districts, Arizona State

University agreed to allow all participants in this program, throughout its

duration, to register for college credit without charge. When it was more

convenient to the participating teachers to meet at one of the schools in the

area, rather than on the campus at Arizona State University, districts opened

their facilities to our use at no charge. This would occasionally include

not only the use of rooms for meetings, but. the use of overhead and projector

equipment as well The Department of Mathematics at Arizona State University

absorbed all the expensre for secretarial work, duplicating, mailing, etc.

This has been a case of everyone being willing to contribute resources to

the project. The actual funding through FIPSE has really been seed money in

view of the total costs and expenditures. This willing cooperation is one of

the measures of the success of t1 program. It has brought a wide range of
people together in pursuit of a common goal needing the emphasis this program

gave.

FOLLOW-UP

In Arizona schools, students ari tested on standardized tests at the end of
each school year. On the basis of these tests, districts will to asked to make

a comparison of the students of those teachers who participated in this program
with the average for the students of these same teachera in years past, a com-

parison of the performance of the students of these teachers with the average
for the students in the entire district in the past, and a comparison of the



students of these teachers with the average for the students in the entire

district in the same year. If districts are not interested in making these

comparisons, they will be asked to make the data available to Azizona State

University so the comparisons cen be mede.

The success of the students in the classrooms of our teachers is the

ultimate measure of models of our programs e preparation for those teachers.

SUMMARY

There are many valuable lessons that have been learned from this activity

which should be reviewed and remembered and shoted serve as a guide in future

programs. Some of these lessons were looked for, and others have been learned

through chance.

Any program of this kind is fully successful only to the extent that-school

administrative personnel are meaningfully involved. Through their involvement,

school personnel have become more aware of the need to upgrade their teaching

faculties. There is a greater and more accurate awareness of certification

requirements. Higher standards are being set b, some districts.

A close working relation can b, e3iablished and maintained between

university personnel and school personnel that results in stronger r- .ms and

greater benefits to all. Many teacherR are ready and willing to study hard over

an extended pe -iod of time in a systematic and organized program set up to meet

their specific needs.

One of the most profound lessons learned is that the pool of experienced

teachers is a prime area for recruitment e additional teachers of mathematics.



There have been noteworthy benefits resulting from this program that were

not anticipated at the outset. The 'mprovement of teachers and teaching is nrw

seen by this university and its neighboring schools more as a cooperative effort

rather them the sole responsibility of either. This program has put in place

activities, and has broadened norizons, that wil' continue to be fruit for

years.

It would be a mistake to say that any one benefit from Lhis program was any

more important than another. However, it would be r lasonable to suggest that a

strong contender for that designation would be the benefit given directly and

indirectly to the people involved- This program has breathed new life into

mathematics education at Arizona State University and the surroundint communi-

ties at a time when it was sorely needed, and has given encouragement in an area

where new activity, life, and enthusiasm is a benefit to all. To say that this

came at an opportune time would be an understatement. This one thing alone is

adequate justification for having run the program. We will all benefit from all

the lessons learned and the directions set. But because of the changes in

attitudes of individuals, and the encouragement and renewed commitment of indi-

viduals, only time will be an adequate measure of the fuU benefits accruing

from this program.
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June 27, 1986

Dear Dr. Long:

Thank you so much for the opportunity to participate
in THA-MASTER. The classes have been interesting as
well as informative and have allowed me to complete
the mathematics credits required for teaching math
in Arizona high schools. Math is a new field for
me and by completing this program I feel confident
that I will be a better teacher. I have secured a
high school math teaching position for the .1986 -87
school year and am looking forward to getting
-tarted in the classroom.

Thank you again and please know that your efforts
are greatly appreciated.

Sincerely,

Mar7Maryrishman



July 1, 1986

Dr. Madeleine j. Long, Director
THA-MASTER
Long Island University
The Brooklyn Center
Brooklyn, N. Y. 11201

Dear Dr. Long,

As the 7.17..-1-1aSTER course work concludes at Arizona State
University, :.would like to thank you for your efforts in
providing this necessary and timely program.

Wit'a Bacheltd:fts and Masters degrees, plus six years
experience teaching at the elementary level, I decided I
much preferred teaching Mathematics to junior high students.
As an undergraduate, I had a number of Math courses. Yet
I lacked the ;. per courses to receive State certification
at the secondary level. THA-MASTER has given me the
wonderful opportunity to complete a secondary certificate
while satisfying my district's requirements for graduate
wo:k.

The THA-MASTER program at ASU has offered appropriate
cou_ses taught by master instructors. It has been a year
wherein I have grown a great deal. The students I teach
will be the ultimate beneficiaries. Thanks again for all
your endeavors. I am truly grateful for the opportunity.

Sincerely.

Marilyn Wilcox



July 3, 1986

Dr. Madeleine J. Long, Director
THA MASTER
Long Island University
Brooklyn Center
Brooklyn NY 11201

Dear Dr. Long:

My students and I wish to express our appreciation for my.:

unique opportunity to participate in the THA MASTER PROGRAM.

My exposure to mathematics has been substantially increased

during this past year. The high caliber of professional educators

serving as our instructors has been a definite asset to the

program. This inexpensive professional growth has advanced my

:areer and the quality of my work. I thank you and Dr. Lehi Smith

for this "chance to learn".

Sincerely,

ilAdA"4 AO:"
Nancy Hickey



2330 N 87th Way
Scottsdale, AZ, 85257

Dr. Madeleine J. Long, Director
THA-MASTER
Lung Island University
The Brooklyn.Center
Brooklyn, NY, 11201

Dear Dr. Long,

I have been involved in the program of obtaining additiona! credits and
course wo.k in the program here at ASU. The efforts of Dr. Smith and other
professors has greatly increased my knowledge of mathimatics and will in turn
better my teaching methods and work vith children. I wish to express my
appreciation for the time and effort that you expended in establishing and
funding this program. Not only have we worked hard in the program but we have
established a close group. The other day a fq!low classmate suggested we have a
pros since it is near graduation.

Sincerely,

Stanley Dunn

1



3134 E. McKellips #1.8i
Mesa, Arizona 852u3
June 30, 1986

Dr. Madeleine J. Long, Director
THA-MASTER
Long Isla University
The Brooklyn Center
Brooklyn, NewYork 11201

Dear Dr. Long,

As an Arizona State University student involved in

the THA-MASTER program, I wish to thank you for your efforts

to bring the program to Arizona. It has been of value in

my teaching and will allow me to be certified as a secondary

math teacher. This is very important to me. I hope the

program can continue so as to allow more teachers to have

this wonderful opportunity. We've needed this program for

a long time.

Several teachers in my district had been trying to

get our district to offer a program like this. We were

not making much progress, but were going to continue to

be persistent. Then A.S.U. notified our district of this

program; it was and is exactly what we nad been working

for. Thank you for being instrumental in getting this much

needed program to Arizona.

Sincerely,

. 4.4
6
grs.) Yvonne Dupont
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SITU OFTERNG THE THA-MASTER

Information regarding these sites can be obtained
by contacting:

Madeleine j. Long. Ed.D.
Project Director, Model Site

THA-MASTER Program, Rm. M-602
UU/Broo* yn Center
University Plaza
Brooklyn, New York 11201
Telephone: (212) 403-1056/1011

A. Richard Polls, Ed.D.
Site Project Director

THA-MASTER Program
Beaver College
Ofi..:e of Graduate Studies
Glenside, PA 19038
(215) 572-2960

THA-MASTER
The University of Miami
School of Education and
the allied Health Sciences
Miami. Florida 33124
Telephone: (305) 284-4301

THA-MASTER
College of Education
The University of Kentucky
Lexington, Kentucky 40500
Telephone: (606) 257-2944

Please send application and additional information
on:

Beaver College Master of Arts in Educa-
tion Program

Certification In Mathematics

For an appointment please call: (215) 572-2959

Please print

Name

Address

City State Zip

Telephone
Home Business

19i

A Program
to Retrain

Beaver College Teachers In
Graduate Studies Mathematics

Lcng Island University's
Model Mathematics Retraining Program

THA-MASTER
FINE FUNDED

and
The Master of Arts In

Education Degree Program
Beaver College



A Program to Retrain Teachers in Mathematics

This mathematics program is designed as both a
retraining program for teachers and a program to
enhance the background of teachers in the field. It is
scheduled to begin in the Spring of 1985.

PROGRAM HIGHUGHTS

on reduced in all math 'marics courses

...actuate courses specifically designed for non-
mathematics majors

Unique course schedule and contact hour plan

18 credits in mathematics

Lectures and small group discussions

Opportunity for employment in Philadelphia ana
in the Delaware County Area

Opportunity to qualify for the M.S. in Education
Degree

Opportunity for teachers certified in mathematics
to increase their competence

Opportunity for teachers not certified in
mathematics to retrain and become certified to
teach mathematics.

STAFF

Site Pro let., Director: A. Richard Polls, Ed.D.
Dean of Graduate Studies

Other Staff Includes:

Edward F. Wolff, Ph.D.,
Associate Professor and Chairman of the
Mathematics Department

Charles E. Moulton. Ed.D.,
Professor of Mathematics

Michael G. Conzales, M.A. in Ed.
Assistant Professor of Mathematics

ADMISSION REQUIREMENTS

Admission to the Beaver College Master's Pro-
gram and/or Mathematics Certification Program

Classroom experience as a teacher

Admission to the Graduate Intern program for ap-
plicants without teacher certification

Completion of at least six credits of college
mathematics, including one semester of the
Calculus

Since admission to the program is limited, applica-
tions should be submitted as soon as possible.

YEARLY SCHEDULE

The mathematics courses are offered as noted
below. (See the Beaver College Graduate Studies
Catalog for information about courses in Education.)

MA 50I Survey of Mathematics I Spring

MA 502 Survey of Mathematics II Summer

MA 503 Selected Topics in Calculus Summer

MA 505 Sel ted Topics in Mathematics Fall
(Probability and Statistics)

MA 510 Selected Topics in Mathematics Winter
(Euclidean and Non-Euclidean

Geometries)

MA 520 Introduction to Modern Mathematics
Spring

Beaver College admits qualified students of any age, race,
color, national or ethnic origin, or handicapped as defined
by law.

PROGRAM REQUIREMENTS FOR THE
MASTER OF ARTS IN EMACATION DEGREE

(36 credits)

FOUNDATIONS COURSES IN EDUCATION
(6 to 9 credits)
ED 401 Social Foundations of Education

ED 407 Philosophical Foundations of Education or

ED 409 Psychological Foundations of Education

CONCENTRATION IN MATHEMATICS
(35 to 18 credits)
The courses In mathematics follow the Long Island
University Model. THA-MASTER

MA 501 Survey of Mathematics I

MA 502 Survey of Mathematics II

MA 503 Selected Topics in Calculus

MA 505 Selected Topics In Mathematics I
(Probability and Statistics)

MA 510 Selected Topics in Mathematics II
(Euclidean and Non-Euclidean
Geometries)

MA 520 Introduction to Modern Mathematics

SELECTED ELECTIVES (6 to 9 credits)
Selection of electives is made with advice from the
Project Coordinator.

ED 457 Applications of Mathematics to the
Physical Sciences

ED 469 Educational Applications of the
Microcomputer

ED 433 Reading in Content Areas

ED 480 introduction to Developmental Disabilities

ED 370 Designing Learning Environments

ED 420 Seminar for Graduate interns

CULNUNATING ACTIVITY (3 to 6 credits)
All students are required to take a practicum,
ED 383, Graduate Internship. Secondary. The
number of credits required will be determined by
the Dean of Graduate Studies.



BEXONMEEiE7Enigiti,P3MN38
PROJECT DIRECTOR - DR. A. RICHARD POLIS, 215-572-2960

I. EXECUTIVE SUMMARY:

A. PROJECT OVERVIEW: The mathematics retraining program at Beaver College has
been in existance for ten years. In 1984 we agreed to use the THA MASTER PROGRAM
design for one cycle to see if it met our needs. We were able to get support from

the mathmematics and education faculty at Beaver College and approval from the
Graduate Academic Program Committe. All courses were approved and a special
master's program was designed with the six LIU courses at the core. We advertised
and admitted 18 students to the program by January of 1985 and completed the six
mathematics courses by June of 1986. Of the 18 original students, 13 are now
certified mathematics teachers. We are halfway through a second cycle of this
program and hope to certify another 18 teachers. We also anticipate a third cycle
to begin in the fall of 1987.

B. PURPOSE: To retrain experienced and certified teachers to become certified in
mathematics. To offer financial support in the form of partial or full
scholarships to teachers who wish to retrain. To produce better qualified teachers
of mathematics for the Commonwealth of Pennsylvania.

C. BACKGROUND AND ORIGINS: Beaver College has a long history of innovation in
teaching and has worked closely with the public schools in the Delaware Valley
area. We have a strong cammittment to mathematics and mathematics education, fine
faculty, and interest in continuing to provide excellent teachers of mathematics
for the schools of the Commonwealth. There was and is support for this project in
the college.

D. PROJECT DESCRIPTION: We started the project with four of the six project
courses and two modified courses. We now offer seven courses plus a computer
science course and have increased emphasis in algebras, geometries, probability,
statistics, discrete mathematics and computer science. We have modified the
timetable and offer four courses by using fall, winter, spring and summer terms
with courses in 15 week, 12 week and six week slots. We have begun to hire
student tutors who are cet.ified mathematics teachers to lead study groups and
tutorials. As part of our organizational pattern, we now have an advisory group
made up of students, faculty and public school people.

E. Project Results: We have completed one cycle, ate in the middle of a second
cycleand plan a third cycle. We have been funded by several agencies to do
retraining and upgrading of teacher in mathematics and science. Our students have
been quite successful in school and in the job market. Our attrition rate was
approximately 25% in cycle one and 33% in cycle two. Dissemination included press
releases, 10,000 mailings, five papers given at state and national meetings.

F. SUMMARY AND CONCLUSIONS: The THA-MASTER is an excellent beginning program for
training entry level mathematics teachers. We modified the courses to offer our

teachers more mathematics content and these modifications prepare teachers to do a
high quality job of teaching up to the 10th or e'en the 11th grade. I do believe
that we spent more time thinking about better ways to educate mathematics
teachers.

MATHEMATICS RETRAINING PROGRAM

BEAVER COLLEGE, GLENSIDE, PA 19038

PROJECT DIRECTOR - DR. A. RICHARD POLIS, 215-572-2960



I. FINAL REPOiti:

A. PROJECT OVERVIEW:

Mathematics and mathematics-education has always been an area of strength at
Beaver College. Ede have been retraining teachers into mathematics for the past

ten years and have received national recognition for the model we used fram 1976

to 1984. In the storing of 1984 Dr. Richard Polis gave a paper on retraining in San

Francisco at the Annual Meeting of the National Council of Supervisors of

Mathematics. Dr. Madelaine Long attended his session and discussed the

FIPSE-THA-MASTER PROGRAM with him and suggested that Beaver College might want to

be one of the site schools.

In the fall of 1984 Dr. Polis, Can of Graduate Studies,

Dr. Wolff, Chairman of the Mathematics Department and Dr. Rowe, Chairman of the

Education Depratment met with Dr. Long and a few of the mathemtics faculty at the

Brooklyn Campus of Long Island University. The faculty from Beaver College agreed

that the program at LIU was unique, well designed, efficient and offered sane

benefits that our standard majors program did not offer. Clearly, seed monies to

start the program seemed attractive and allowed Beaver to use this experimental

program for one cycle without committing beyond that cycle.

In the fall of 1984 the program was supported by the mathematics and

education faculty and approved by the Graduate Academic Program Committee. It was

approved as an "experimental certification program" by the Pennsylvania Department

of Education. The six mathematics courses were made part of a special master's

degree program which also required six courses in professional education. This

master's program was designed to meet state standards and to allow novice teachers

to complete a full certification program through the Intern Teaching Model used in

Pennsylvania. However, the major thrust was retraining of certified teachers.

By November of 1984 the program was advertised through press releases and by

direct mail to local school districts. A brochure was designed and sent to

secondary and elementary schools. Approximately 40 inquiries were made as a result

of the advert sing. Of the forty 18 applied and 17 were admitted. Of the 17

students in cycle one 13 have completed the program. A second cycle is in

progress and a third cycle is planned.

B. PURPOSE:

The problem we face in the Philadelphia area is a shortage of qualified and

certified mathematics teachers. The most talented people in mathematics at the

undergraduate level no longer consider teaching as a viable career path. As a

result, school districts have difficulty hiring highly qualified teachers of

mathematics. The School District of Philadelphia is and has been in great need of

high quality professionals. We were helping to meet this need through retraining

of certified teachers and this project supported that major objective.
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We did retrain teachers ur'ng a model that mixed undergraduate Ind graduate
courses and produced mathematics teachers who had completed the traditional

mathematics major. Our students were highly regarded and heavily recruited. Time

and money were major problems faced by these students. They usually completed a

program that ranged in credit from 42 to 60 hours of academic work, The LIU model

allowed us to certify teachers after completeing 18 to 42 credits depending on

their undergraduate training. Not only is the LIU model efficient in time, but

support from FIPSE and other agencies have allowed us to offer full and partial

scholarships to participants. The funding first by FIPSE through LIU and later by

the State of Pennsylvania through Title II isss helped considerably. In addition to

the funding by FIPSE and the Federal Government, we have received support from

local school districts.

The project addressed the problem of retraining. One of the major stumbling

blocks to retraining seems to be funding. We have been able to find funds to solve

this problem and believe that the original grant gave us leverage to seek and

secure the necessary funds. We hope to cortinue our program by utilizing Title II

and school district support.

C. BACKGROUND AND ORIGINS:

Beaver College has a long history of innovation in teaching and has worked

closely with the public schools in our five county area. Our Writing Across the

Curriculum Program, funded by FIPSE has received national recognition, as have

other programs at the college. We have a rich history and reputation for high

quality programs designed to train and retrain teachers in mathematics and

science.

The Dean of Graduate Studies at Beaver College is a mathematics-edacator who

has authored several mathematics textbooks, has consulted for the Commonwealth and

for school districts in and outside of Pennsylvania, has been active in local,

state and national professional organizations in mathematics and has worked

directly with the schools in the five counties in which Beaver College resides. In

addition to his role as Dean, he is also the Certification Officer for the

college. As Project Director, the Dean of Graduate Studies was able to see that

the program approval process in the college and in the state was accomplished

without too much red tape or opposition.

Beaver College has 75 full time faculty and 50 part time faculty who teach

undergraduate day and evening and graduate day and evening courses. The

Mathematics-Computec Science Department has six full time faculty and 15 part time
faculty. This program hes had little or no impact on number of faculty employed.

We simply offered a course each semester and several in the summer. We did offer

the courses in a different time frame than we offer our other classes. We utilized

the winter break, summer school, and time bewteen graduation and the start of

summer classes.
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Our relationship with the School District of Philadelphia has always been
solid. The Director of Mathematics in Philadelphia taught courses at Beaver and

served on advisory committees. This new retraining program strengthened that

relationship. We received funding from the school district to upgrade teachers of
mathematics who are already certified, and we utilized same of the courses in the
retrai 1g program for that purpose. In addition to funding for upgrading, we
recently received some funds to support the second cycle of this program.

D. PROJECT DESCRIPTION:

When we started this retraining program we approved six new courses: mik 501

Survey of Mathematics I, followed the LIU outline; MA 502 Survey of Mathematics

II, was primarily a course in linear algebra, matrices, and transformations; MA

503 Selected Topics in Calculus, follows the LIU outline; MA 505 Selected Topics

in Mathematics(Probability and Statistics), covers work in probabilit' and sets
tY foundation needed in statistics; MA 510 Selected Topics in Mathematics

(Euclidean and Transformational Geometries), is a modern geometry course; MA 520
Introductioon o Modern Mathematics, followed most of the LIU outline but did more
with ,modern algebra.

We did not offer the Refresher Course nor did we approve Applied Calculus I,

since wn required six hours of college mathematics including at least one course

in calculus for admission. The students in our first cycle were very bright, and
for the most part academically talented. All but two had taken calculus in

college. Therefore, we did not need to offer a refresher nor did we need to offer
the fisrt calculus course. We were funded by the Commonwealth through Title II

funds for retraining teachers into mathematics and started the scond cycle in the

spring of 1986. Realizing that we could not recruit teachers in a short time who

had the mathematics background that our first cycle students had, we modified the

sequence and the content of the program.

Here is a description of that modification. We offered MA 501 first and

emphasized pre-calculus mathematics, including the function concept as central to

the course. We offered MA 502 next with little or no change. Instead of offering

MA 503 next, we put it off and offered MA 510 so that we could arrange a calculus

course to be given prior to MA 503. Since the Mathematics Department did not want

the first calculus course to be given for graduate mathematics credit, we offered
that course as Ed 427, Topics in the Teaching of Mathematics: Teaching Calculus.
Ed 427 is being given this winter and will be followed by MA 503 in the spring.
The students in cycle two will complete MA 505 in the summer and MA 520 in the

fall. MA 520 has been developed into a modern algebra and number theory course in

which content is combined to cover major ideas from both content areas. Finally,
we believe that all students need a course in computer science. We have been using
BASIC language for that purpose, but plan to require PASCAL in the future.



In the third cycle we plan to redesign MA 502 and retitle the course as
Discrete Mathematics. Part of the reason for this has to do with the national

emphasis on discrete mathematics and part has to do with requests we receive from

local school districts.

In addition to changes in course content, order and emphasis, we nave

decided that the best timetable for this program at Beaver is to offer a 15 week

course in the fall semester, a winter course that begins in January and meets

twice weekly for one month and then once a week for two months. We follow this

with a fifteen week course given from the middle of March to the end of June. In

the summer we offer one course in the five week period. This allows students to

complete four courses a year without too much time pressure.

We have begun to hire student tutors who are certified mathematics teachers.

These tutors attend class with the students and hold tutorial study group sessions

with 6 to 8 of the teachers who are retraining. The format varies from problem

review and ..xplanation of concepts to examination review. The students make up

their own study groups and meeting times. We provide space and pay the tutors.

This was made possible because of the funding level we received through Title II.

As part of our organizational pattern, we now have an advisory group made up

of students, former students, faculty, and school district mathematics

coordinators. Many of the program changes resulted from suggestions from this

advisory body.

E. PROJECT RESULTS:

This project has resulted in two distinct certification tracks, our original

nAthematicE major model and the experimental retraining model. Since we cannot

afford both of these models, we will probably phase out the majors model for

retraining and only use it for pre-service undergraduates. We have received

grants for retraining ia mathematics and chemistry, as well as a grant to upgrade

the background of certified teachers. These grants are clearly related to the

work we did in the first cycle of this project. We believe that we would Ai: have

been successful in our bid for funding without the experience of working with the

project and the various site directors.

Dissemination was accomplished through several different vehicles. We used

press releases in the local newspapers and in professional newsletters. We mailed

over 10,000 brochures over a two year period and we sponsored colloquia and

conferences in conjunction with the local professional mathematics organization

Whose members number over a thousand. In addition to this, the project director

gave papers at several conferences. The papers are listed here.

1987 Pennsylvania Council of Teachers of Mathematics, March,
1987, Harrisburg, Pennsylvania, "Retraining of Teachers
in Mathematics: The Tip of the Iceberg."
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1986 THA-MASTER Dissemination Conference, December, 186,
Puerto Rico, "Retraining of Teachers in Mathematics:
The Tip of the Iceberg."

1986 Pennsylvania Council of Teachers of Mathematics, March,

1986, Pittsburgp, Penrsylvania, "Retraining of Teachers
in Mathematics.

1986 Conference for Leaders in Mathematics Education, May,
1986, The Pennsylvania State University at Harrisburg
"Procedures for Change in Mathematics Curriculum ",
Discuss-on Leader.

1985 Pennsylvania Council of Teachers of Mathematics, March,
1986, Valley Forge, Pennsylvania, "Retraining of Teachers
in Mathematics."

1985 National Council of Supervisors of Mathematics, April ,

1985, SanAntonio, Texas, "Probing for Excellence in
Mathematics Teacher Retraining Programs."

A third outcome of importance is the use of the retraining courses in the

grant to upgrade the training of certified teachers of mathematics. Not only did

we receive a grant from the state to do this work, we received grants fran the

school district of Philadelphia. We have been funded by various agencies over the

last two years for over $300,000.00 in grants and contracts related to retraining

of mathematics and science teachers. Basic to our various initiatives has been the

first grant through FIPSE and LIU.

The evaluation package which we used in cycle one of this project was weak.

Therefore, we have very little data about the first group to complete the program.

Ne designed a stronger evaluation package for the second cycle including our own

pre and post-test of mathematical knowledge, along with an instrument to measure

attitude toward mathematics. The data for second cycle is not available at this

time. We did use these instruments for evaluation of our program to upgrade the

training of mathematics teachers and found measurable increases in knowledge and

positive attitude changes. The instruments are found in Appendix 5.

The only clear data the students who completed the program is that 13 of

the 17 who enetered completed the program. Of the 13 who completed 9 receieved

grades of "A" in all of the mathematics courses or received grades of "A" in all

but one mathemtics course. Of the 13, 7 now have positions teaching mathematics.

We are planning to have these students and others take the mathematics portion of

the NTE so that we can campare their reults to national norms.

F. SUMMARY AND CONCLUSIONS:

The THA-MASTER is an excellent beginning program for training entry level

mathematics teachers. We modified the courses to offer our teachers more content

in geometries, algebras, probability, statistics and canputer science. We believe

that our modifications prepare teachers to do a high quality job of teaching up to

the 10th or even the 11th grade. We believe that these teachers need to do mot

work in mathematics if they wish to teach advanced high school courses. However,
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we believe that their training may be superior to the traditionally trained
mathematics major.

I am not sure that our ideas changed radically due to the program. I do

believe that we spent more tine thinking about better ways to educate mathematics

teachers. The model we use now is in transition. We hope that we will never be

satisfied with what we have and will always try to improve.



APPENDIX 4 Publicity

This letter and our brochure were sent to surrounding schools
To staff training personnel, Beaver mathemaf:ics faculty
Over 500 sent to appropriate personnel in Philadelphia School District

Beaver College

November 19, 1984

Dear Colleague:

Beaver College has been active in retraining teachers in a number of areas
including mathematics and science over the past five years. Because of cur
reputation in this field, we have been asked to participate in a program
that is being replicated nationally: "Long Island University's Model
Mathematics Retraining Program, THA-MASTER, FIPSE Funded." We are starting
a new cycle of this program at Beaver College in the spring of 1985 and
have space for approximately twenty (20) qualified applicants.

The program is designed to either recertify teachers in mathematics,
upgrade the skills of certified teachers of mathematics or certify liberal
arts graduates in mathematics.

you know of any suitable candidates for this program in your district
you may want to pass this information along to them. We have enclosed
several copies of our brochure explaining the program.

If you have any questions please do not hesitate to call me at 572-2960.

Sincerely yours,

A. Richard Polis
Dean of Graduate Studies

ARP/mg
Enc.

2"
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Beaver College

PRESS RELEASE
?resident 13ruce "Jilson of 1.eaver College ,;nnouncad tod.,)

that, throuj; the efforts of Jr. A. Richard Poli, 3ean of
Graduate Stu-lies, :3caver has been selected as one Li* tne five
national sites funce: by Lon,; Island Uni\ersity thr,uh s. 6r-nt
from FIPSE (the Fund for the Improvement of Post Secondary
Education).

Th.: Jant dill sueport an innov.,tive k.,ro;.;raal dLsi;,n..1 to
retrain teachers in ,LtatE.matics, upgrade inservice mathaties
teazhers, and certify a sel:Ict er,,Jup of 11.-Jerai .,rt., ,,r,..:....es
with no b6e',:;round in ..ducation. All applicants must hare
bachelor's de6r2e and at least ;,ix credits in underaste
f.1;.tnematics incluJing one course in calculus.

The pro6r3.;, to ',,e,;in in t:,,: sprin,; of 1Y;5, dill ....0

scheduled in a way that will allow stuc:ents to complete six
;;ra1:.at ,lathe..atios courses slon.,; .rit,..-. necessary coL.rscd io
professional education by the -.:nd of spring 1766. Those ..no 13,1
to r.ceive certification in matati._s clo well az a .1,ster ,r
Arts De;;ree may complete both as part of this innovative pr,:.ura:i.
Th e n.A. in Education .pith e concentration ,n ,1,-.th,:mtio.-_, r2!aire:
33 credits, half in !,athematics and half in erofesaional
education, ply., o ;,ractic:. The course: in ,:ducation ,ect '.h,..

Gon-:ral StandarJs an.: tne mathematics courses meet the Sp:cifio
Sta:-.'ard:: of thy_ '2..:insylvJnia :ed.Jr...lent of ,.'Jai;. tion. 7!,-.: er;_,r.-
1., desi6ned both for initiJ1 training of mathemtics t,.:_acherz a,2_:
for Je,ralint; '..he taek;:rcuni of m:Jthem,tics teachcr3 _Already in
t:,e fiald. 'This pro6ram is consi,cred -.o be a nJtional :,.odel :.-12,

is being imple..,:nted in five status. ':.-:', ':orx, ;:entuccy, _1_,i,
,aine, and ?ennsylvania.

Jr. :ladeleine Loni; is t:i_ rirebtor of 7.h..: Project ,,,t. Long
Island University and will be talkink; about this aL,...el in toe
sprinc; at m,!etio,;s of tll,:: 1),,nnsylvania CoJncil of T:ch-,rs of
::athematic,-; and at the Ntional Council of Supervisors of
lathcs. For LIfor:Iction And ,.pplications call '372-29'.::? or
write Deaver Collc ;e, Crad.aato 2t11,:ies ,:ffic, ;:l.z,,Isi.1e, P. 1)C):,.3.
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APPENDIX 6

BEAVER COLLEGE

MATHEMATICS RETRAINING PROGRAM

LONG ISLAND UNIVERSITY'S

THA-MASTER

FIPSIE FUNDED

BUDGET 1985-86

FACULTY SALARIES

MA 501 Spt-ng, 1985

MA 502 Summer, 1985

MA 503 Summer, 1985

MA 505 Fall, 1985

MA 510 Vi.iter,

MA 520 Spring, 1986

$2,000.00

$2,000.00

$2,000.00

$2,000.00

$1, 750.00

$2,000.00

TOTAL $11,750.00

Director's Travel

Advertising

TOTAL

FIPSE CONTRIBUTED

BEAVER CONTRIBUTED

$1,500.00

$750.00

$14,000.00

$13,150.00

$850.00



NORTHERN COLORADO UNIVERSITY
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A Program to Retrain
or Enhance Training
in Physics Teaching

The Hellman Academy
for Mathematics and Science
Teacher Education Retraining

(THA-MASTER)

Long Island University's Model Program
Disseminated to the University of Northern Colorado
by support from the Fund for the Improvement of

Postsecondary Education (FIPSE).

University of Northern Colorado
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A Program to Retrain or Enhance Training in Physics Teaching

This program is designed to both retrain
teachers from other disciplines and enhance
the training of teachers currently in the physical
sc iences. The emphasis will L'e directed toward
those who will be teaching physics concepts in
iunior or senior high school. The program will
begin mid-summer 1985.

Program Highlights
Reduced Tuition in all program courses.
Graduate courses specifically designed for
teachers with limited preparation in physics.

A pre-program preparatory course.
21-23 credits (quarter) in physics from UNC.
Unique course scheduling over 15 months.
Offered in metro-Denver area.
Conceptual content presented through
integrated learning activities.

Opportunity to pan1ally fulfill requirements
for Interdisciplinary Masters in Science
Teaching (UNC).
Opportunity for tear hers to partially fulfill
scien«e endorsement requirements.

Staff
Site Prole( t Direr tor: Paul A. Lightsey
Associate Professor and Chairperson of
Physics

Other Staff:
Wallace Aas, Professor of Physic s
Willard !Auer, Professor of Physic s
Ric hard Fry, Professor of Physic s
Robed liamerly, Professor 01 Physics

21r:

Eligibility Requirements
Teachers with regular classroom experience.
Teachers seeking certification or
recertification with science endorsement.
Teachers with at least one year of college
science and one term of college
mathematics.

Coursework
Preparatory Course

(3 credits)
Mechanics

(4 credits)
Heat, Sound, and Light

(4 credits)
Electricity and Magnetism

(4 credits)
Modern Physics

(4 credits)
Problems in Teaching Physics

(4 credits)

For additional information
or applications write:
Paul A. Lightsey, Chairperson
Department of Physics
University of Northern Colorado
Greeley, CO 80639
Telephone: 351-2961

Since admission is limited, application should
be submitted as soon as possible

the I Inivrsay 1,1 Not theft) ( olor.ulo is loth « mumit( d I()
Alliinilite t1( low diul I goal ()piiiltinity

Sites Offering THA-MASTER
Information regarding these sites can be
obtained by contacting:

Long Island University
Dr Madeleine I. Long
Institute for the
Advancement of
Mathematics and Science
Education
One University Plaza
Brooklyn, N Y. 11201
1718) 403-1056

Beaver College
Dr. A Richard Polls
Office of Graduate Studies
Easton and Church Roads
Glenside, Pa. 10938
1215) 572-2900

University of Miami
Dr Gilbert I Guevas
School of Education and
Allied Health Professions
P 0 Box 248605
Miami, Fl. 33124
13051 284-4301

Arizona State University
Dr Lehi T Smith
Department of
Mathematic s

Tempe, At 85287
(6021965 -3951

Texas Woman's University
Dr Rose Marie Smith
Chairperson, Department
of Mathematic s, Scent e,
and Computer Science
P 0 Box 22865
TWU Station
Denton, Tx 76204
(817) 566-6335

University of Northern
Colorado
Dr Paul A Lightsey
Department of Physics
Greeley, Co. 80639
13031 351-2961

Western Oregon
Stale College

Dr Robert Main
Department of
Mathematic s
345 Monmoulh Avenue,
North

Monmouth, Or. 97361
(5031 838-1220 ex 4432

Trenton Stale College
Dr Mif hael lannone
Office of Academic Affairs
Hillwood lakes CN 550
lrentfm, N I 08625
(6091 771-2269

Please send an application and additional
information for THA-MASTER Program.
1[1] I would like to speak with an advisor.

Best time to call

Name

Address

my

Telephone
Hume

Male lip

Business



FINAL. REPORT: THA-MASTER Program at the University of Northern Colorado

The program activities and results are summarized in attachment 1, a paper
presented at the San Juan Conference. All of the funded activities have
been completed. The financial expenditures are presented in attachments
2 and 3.

Additional comments upon reflection:

The participants apparently benefitted greatly from the
program. However, a one year exposure to physics is not
going to prepare excellent physics teachers. Evidence sug-
gests that learning physics by adults may be a slower process
than for adolescents due to "misconception" filters. We
observed this phenomenon during the course of the program.
A slower pace and more effort at identification of misconceptions
will be valuable in future courses. Also, the slower pace
may alleviate the high stress placed on these individuals
while continuing their full-time employment. The high stress
exacerbates the drop-out rate among those that have anxiety
characteristics. The survivors of this program had a sig-
nificant-, better prior exposure to math and physics than did
those that dropped out. Initially, this program may best serve
the needs of schools by retraining those with some limited
background in physics, rather than those with no physics
background.

Future Activities:

The University of Northern Colorado has incorporated the THA-
MASTER curriculum into the Interdisciplinary Science Teaching
Masters Degree Program. The courses are now offered on campus
primarily during the summer term. Efforts to offer an off-
campus program again are under way. Financial support for
teachers from rural areas to attend the summer program and to
suplement the off-campus program is desired and being sought.

While this program has been successful, it has also revealed the challenging
and great task still remaining to meet the need of having quality physics
teachers available in all schools in the USA.

Paul A. Lightsey, Site Director
THA-MASTER @ UNC

21)J



A Strategy for Retraining of Teachers for Physical Science
Paul A. Lightsey ana Wallace Aas

INTRODUCTION

Concern over the shortage of science teachers, especially those in physical
sciences, has been expressed in many forums. Various recruitment techniques to

fill thin ranks have been proposes. Long term solutions have aaoresseo ways to
enhance the desirability of science teaching as a career to be considered by

tooay's youth. Short term solutions have aaoressea ways to attract current
professionals into the science classroom.

Two divergent methoas have been suggested to recruit these professionals. One

method is to attract individuals with science/engineering backgrounds to step into

the classroom. Some proposals have involved temporary, visiting assignments by
scientist/engineers to aia current teachers, or teach part-time in critical courses
such as physics or calculus. Other proposals have aimed at recruiting
scientists/engineers who are retired or near-retirement to consider a

"secono-career" as a science teacher. However, these proposals face the problem of
re-training these professionals to have aaequate knowledge ana skills for the
educational environment in the secondary science classroom.

The second method has looked at retraining current teachers from other
disciplines into teaching in the sciences. The criticism of this methoo has been
based on the assumption that retraining these teachers to gain adequate knowledge
of the content ono skills of physical science would be very aifficult ano that they
would not develop an enthusiasm and love for the discipline because of their own
"anxieties" about learning physics. However, these teachers have experience ano
the prerequisite training in teaching in the education environment at the secondary
level.

PROGRAM PHILOSOPHY

This paper presents a strategy that attempts to overcome the criticisms of
second method and successfully retrain teachers from ether disciplines to be able
to teach physics and physical sciences in the seconaary classroom. To oo this, a

philosophy was adopted that the process of teaching the content ano problem solving
skills exemplifiea in physics to these teachers shoula be a moael for them to use
in teaching, i.e. to teach as they were taught. Recognizing their potential

anxieties ana "fear of physics", this motel tilt' to aoaress ways to overcome

pre-existing misconceptions and alleviate anxiety while bringing comprehension of
physical science to an aaequate level for them to step into the classroom with
confidence and enthusiasm. Master high school physics teachers were included on
the staff to provide effective teaching mooels for the high school classroom. The

physics content covered the traditional subdisciplines. However, processes for
analysing information ana gaining insight into a content area were emphasized, so
that these teachers would feel confident at moving into new areas on their own,

rather than teach "rote information" from a text. In adaition, the courses were to

be offered over a fifteen month period, allowing participants to continue in full
time employment while completing 20-23 creoits (quarters).
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NEEDS ASSESSMENT

Nees for this program was assessed in a step-wise process. Initially a survey
questionaire was sent to the administrators at 220 senior high and 185 junior high

schools through out Colorado. Approximately 11% (43) of the forms were returnea.
These 43 respondents estimated that in their districts approximately 25 teachers
were assigned to teach physics or physical science with less than one-year of
college physics preparation, and approximately 60 teachers would benefit from

participation in this program. Incentives or rewaras for a teacher to participate
in the program identified by these administrators were: salary increments (40%),
job security (33%) recognition (9%), self-satisfaction and better unuerstanoing of

physics (9%).

These administrators inaicated that 33% of the oistricts would be willing to
aid in retraining through stipenos, released time, etc. ana estimated that
approximately 43 teachers woula be willing to participate and provioeo 40 names of
potential participants.

For logistic reasons, the first offering of this program was focussea on the
high-population density Front-range area centerea around Denver. The next step in

assessing neeas was to send brochures to all names suggested by respondents to the
survey, to all school districts in the Front-range, to names on mailing lists of
science teachers in the Denver area, ana to inaiviauals requesting information
about the program. From these brochures, we received 77 requests for application
materials (31 female, 46 male). We screenea the applications to aetermine the
number who had the required minimum math and science backgrounas, but who did not
have extensive preparation in physics. Twenty-eight participants (11 female, 17
male) were accepted into the program.

PARTICIPANT PROFILES

The background of the participants was varied, though oominateo by 15

individuals having majorea in Biology. Other unaergraduate majors represented

were: 1 home economics, 1 physical eoucation, 1 inoustrial arts, 1 physical

geography, 1 earth science, 2 mathematics, 2 science education, 2 chemistry, and 2
physical science. The 4 in physical science and chemistry petitioned to be
included even though they had previous preparation in physics. All four had

received their aegrees over twenty-years ago ano oesireo a "refresher". The ctner

25 participants averaged 5 semester credits in physics preparation, compares to an
average of 28 semester credits in biology, 13 semester creoits ire chemistry, ono 11

semester credits in earth science. Fourteen of the participants has math
preparation through at least introouctory calculus, 11 others has at least college
algebra, and 3 technical or general introductory math.

This data collectively aemonstrated the neea for a retraining program. In

particular, there seems to be a cadre of biological science teachers interested in
moving into physical science teaching.

CURRICULUM

The first course in the program is a preparatory course. This course reviews
some basic algebra and trigonometric manipulation, then emphasizes quantitative
problem solving through graphical analysis, making estimations ano mooel
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calculations ( "Fe.mi problems"), and Ailizing verbalization ana feedback (e.g. see
Clements & Lockheao). This course is oelivereo as a two-week intensive workshop

during the summer.

The sequence of four content courses are offered over 12 months in a format of
12 repeating three week patterns consisting of a Thursday evening during week 1, an
intensive all-day Saturday at the end of week 2, ana a Thursday evening during week
3. A week of individual stoldy typically separated each 3 week cycle. The Saturday

classes incorporate laboratory activities exter,ively.

The nominal content is structured around the typical sequence of Mechanics;
Light, Heat and Sousa; Electricity ana Magnetism; ano Modern Physics. The nigh
school master physics teachers are used to helr structure the course so that V..e
college level physics learned by the stuoents can be applied to teaching activities
encountered in the high school classroom.

The final course is a seminar in "Current Problems in Teaching Physics". This
cm Je reviews the recent literature as it relates to perception difficulties
stuoents have with physical phenomena, the concepts of cognitive science applies to
physics instruction, and the discussions of the role of physics within the
secondary school curriculum.

EVALUATION

The key to this strategy hinges upon establishing that the participants gain
an understanding of the content and have a feeling of confidence and enthusiasm for
teaching physics.

To oemonstrate the comprehension of content, a pre-test ano post-test were
usea. These were multiple-choice tests that covered the topics of the four content
courses. The questions usea for the pre- ana post-test have been stanoarized
nationally for students completing one-year of college-level physics.

The pre-test scores for the 28 participants average° below the 20th percentile
of students completing one-year of physics. One individual showed a pre-test
comprehension equivalent at tne 75th percentile level ana six others were grouped
in the 40 to 75 percentile region. The remaining 21 were below the 30th percentile.

Of the 28 participants that started, 14 (50%) completed the program. Those 14
that complete° the course has a pre-test average at approximately the 20th
percentile, while the other 14 had an average at about the 12th percentile. Tne

post-test scores of those that completed the course showed improvements vith one
above the 90th percentile ana two others above the 75tn percentile. Five were in
the 30-75 percentile and three remained below the 20th percentile.

The non-finishers were 9 Biology, 1 Math, 1 Home Economics, ana 1 Science
Education major. The finishers typically had 8 semester hourse more physics
preparation than did the non-finishers, and the math preparation was similar.

The enthusiasm and confidence level were measured by a self-evaluation done by
the participants in response to a questionaire upon completion of the pre-ram.
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There were also standara course-evaluations completed by the stuoents at the

completion of each course. These evaluations proviueo feeu-back about the stuoents

perceptions of the appropriateness of the courses and the extent to which the

program was meeting their goals.

COMMENTS

This program has been successtul in this format in the populated metropolitan

area. However, a severe need for this type of retraining exists in Coloraao and

many other western states in the rural school aistricts. Typically, tne science

teachers in these rural districts must cover two to four content areas (e.g. some

rural aistricts have one science teacher for all science, graces 7-12.) In

addition, these teachers typically receive lower salaries (by differentials as

large as 50% of metro salaries). These rural aistricts typically nave a single

high school serving a geographical area greater than 350 square miles and a student

population less than 50 per grade level. Therefore, a program cannot oraw an

adequate number (15-20) of teachers to a central location (commute distance less

than 50 miles) to participate. Possible modifications of this program woula be to

offer a summer program on campus. However, this model would require funding for

subsidizing the relocation and housing costs of these low pain teachers to move

100-400 miles each summer and then return. Another possible model would be to

utilize telecommunications, computer
assisted learning, ana pre recoraea vioeo

materials. However, this model would also require substantial funding and creative

adaptation to still incorporate the "teach as you were taught" ano hancs-on

laboratory experiences. This model does offer the potential for the most radical

innovations to occur, ano perhaps proviae beneficial mooels for exploitation of

these technologies for other educational settings.
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PRO3LEM: SHORTAGE OF SECONDARY PHYSICS TEACHERS

SOLUTIONS:

1) RECRUIT SCIENTISTS/ENGINEERS INTO CLASSROOM

STRENGTH: WELL PREPARED IN CONTENT KNOWLEDGE

WEAKNESS: A) LACK EXPERIENCE AND/OR KNOWLEDGE FOR

COPING WITH SECONDARY CLASSROOM ENVIRONMENT.

ii) DIFFICULT TO COMPETE WITH INDUSrRIAL SALARIES.

2) RECRUIT RETIRED SCIENTISTS/ENGINEERS INTO CLASSROOM

STRENGTH: WELL PREPARED IN CONTENT KNOWLEDGE

WEAKNESS: A) LACK OF EXPERIENCE AND/OR KNOWLEDGE FOR

COPING WITH SECONDARY CLASSROOM ENVIRONMENT.

B) POPULATIONS OF AVAILABLE PARTICIPANTS UNKNOWN.

3) RETRAIN TEACHERS FROM OTHER DISCIPLINES

STRENGTH: PREPARED FOR AND EXPERIENCED IN THE SECONDARY

CLASSROOM ENVIRONMENT.

WEAKNESS: A) WEAK PREPARATION IN CONTENT,

B) SUSPECT ENTHUSIASM FOR THE DISCIPLINE,
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SURVEY OF dEED:

22J HIGH SCHOOL AND 135 JUNIOR HIGH SCHOOL PRINCIPALS WERE SENT

QUESTIONNAIRES, 43 RESPONDED.

31: 110W MANY TEACHERS CURRENTLY IN YOUR DISTRICT ARE TEACHING PHYSICS

WITH 1 YEAR OR LESS OF COLLEGE PHYSICS?

25

32: IN YOUR OPINION, HOW MANY PARTICIPANTS WOULD BENEFIT FROM THIS

PROGRAM?

6J

0:: WHAT KIND OF INCENTIVES OR REWARDS ARE THERE FOR PARTICIPATION?

SALARY INCREMENTS 40%

JOB SECURITY 33%

RECOGNITION 3%

SELF-SATISFACTION & UNDERSTANDING 3%

3L: WOULD YOUR DISTRICT AID IN RETRAINING THROUGH STIPENDS, RELEASED
TIME, ETC?

YES 33%

4J INDIVIDUAL TEACHERS IDENTIFIED FOR PARTICIPATION BY THESE

43 ADMINISTRATORS,



PROGRAM PHILOSOPHY

PROCESS OF TEACHING PHYSICS CONTENT TO THESE TEACHERS

SHOULD BE A MODEL OF TEACHING THAT THEY CAN USE.

"TEACH AS THEY WERE TAUC "

THE PROGRAM SHOULD:

1) HELP IDENTIFY MISCONCEPTIONS THAT ARE A

"CONFUSING FILTER" TO DEVELOPING CONCEPTS OF PHYSICS,

2) UTILIZE EFFECTIVE PROBLEM SOLVING SKILL BUILDING,

3) RELY ON OBSERVATION OF PHENOMENA TO DEVELOP

ABSTRACT CONCEPTUAL MODELS.

4) REDUCE ANXIETY ABOUT PHYSICS BEING "HARD".

5) BUILD CONFIDENCE AND ENTHUSIASM.

6) bE OFFERED AT A PLACE AND SCHEDULE THAT ALLOWS

CONTINUED FULL-TIME EMPLOYMENT.
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CURRICULUM

PREPARATORY PHYSICS

PHYSICS I: MECHANICS

PHYSICS II: BEAT, SOUND, AND LIGHT

PHYSICS III: ELECTRICITY AND MAGNETISM

PhYSICS IV: MODERN PHYSICS

SCIENCE EDUCATION: CURRENT PROBLEMS IN TEACHING PHYSICS

COURSE SCHEDULE (16 MONTHS)

PREPARATORY PHYSICS: TWO-WEEK WORKSHOP, FOUR HOURS/DAY

PHYSICS I-1V: FOUR WEEK CYCLE REPEATED 12 TIMES

WEEK 1: 4 HOURS, THURSDAY EVENING

WEEK 2: a HOURS, SATURDAY

WEEK 3: 4 HOURS, THURSDAY EVENING

WEEK 4: SELF-STUDY

SCIENCE ED: 4 HOURS, THURSDAY EVENINGS (13 WEEKS).
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LVALUATION:

1) STUDENT CONTENT COMPREHENSION WILL BE 3Y STANDARDIZED POST-TEST

AND CLASS PERFORMANCE,

2) STUDENT ENTHUSIASM, CONFIDENCE, AND SELF-SATISFACTION WILL BE

BY QUESTIONNAIRE,

3) PROGRAM STRUCTURE, CONTENT, AND DELIVERY WILL BE BY QUESTION-

NAIRE,

QUESTION & COMMENT:

dOW CAN THIS PROGRAM, IF AS SUCCESSFUL AS ANTICIPATED, BE MODIFIED

TO REACH THE TEACHERS IN RURAL AREAS,

CHARACTERISTICS CF THE PROBLEM:

1) ONE-TO-FOUR SCIENCE TEACHERS FOR DISTRICTS THAT GRADUATE

LESS THAN 100 STUDENTS PER YEAR AND COVER 303-430 SQUARE

MILES,

2) SALARIES VERY LOW, OFTEN 50% OF METROPOLITAN AREA SALARIES,
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PARTICIPANT PROFILES / GRAD PROFILES

(11 FEMALE, 17 MALE) / (11 FEMALE, 11 MALE)

UNDERGRADUATE MAJORS:

DIOLOG, 15 /

CHEMISTRY 2 /

PHYSICAL SCIENCE 2 /

EAR'r: SCIENCE 1 /

SCIENCE EDUCATION 2 /

SCIENCE PREPARATION:

7 MATHEMATICS

1 PHYSICAL GEOGRAPHY

2 PHYSICAL EDUCATION

1 INDUSTRIAL ARTS

3 HOME ECONOMICS

2 / 1

1 / 1

1 / 1

1 / 1

1 /

BIOLOGY CHEMISTRY EARTH SCIENCE PHYSICS
SEMESTER CREDITS 23 13 11

MATH PREPARATION:

INTRODUCTORY CALCULUS OR BEYOND 14 / g
COLLEGE ALGEBRA, TRIGONOMETRY, OR PRECALCULUS 11 / 4
TECHNICAL OR GENERAL MATHEMATICS 3 / 2

PRETEST: / POSTIEST

STANDARDIZED AGAINST STUDENTS WHO HAVE COMPLETED ONE YEAR
OF COLLEGE PHYSICS,

PERCENTILE

Y1- N

/..) -I

7) 73

2 0 33

3 -29

EETESTC41) pRETEST(DROPS) PRETEST (GRADS ) POSTTEST

3 3 3 1

1 0 1 2

6 2 LI r3
/1 1 3 3

16 9 7 4

27 13 15 15
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Budgeted Expenditures: THA-MASTER, University of Northern Colorado

SCI :08 Refresher Course (3 Q.H.)
Wallace Aas, Instructor 1118.08

balance

1178.06

SCI 515 Physics I (4 Q.H.)

Paul Lightsey, Instructor 15/0.79
Wallace Aas, Assistant 785.40
Courtney Willis, (honoraria) 112.20

2468.39

3646.47

SCI 516 Physics II (4 Q.H.)

Wallace Aas, Instructor 1570.79
Ralph Engardt, Assistant 700.00
Courtney Willis, (honoraria) 112.20
David Reid, (honoraria) 112.20

249u.

6141.66

SCI 517 Physics III (4 Q.H.)

Paul Lightsey, Instructor 1570.79
Courtney Willis, Assistant 785.42
David Reid, (honoraria) 112.20

2468.41

8610.07

SCI 518 Physics IV (4 Q.H.)

Paul Lightsey, Instructor 1570.79
David Reid, Assistant 785.42

lretney, (honoraria) 112.20

2468.41
11078.46

SCED 680 Problems in Teaching Physics
(4 Q.H.)

Paul Lightsey, Co-instructor 1178.11
Wallace Aas, Co-instructor 1178.11

2356.22
13434.70

Site Director
Pal Lightsey 1683.03

1511/.1,3

Grant, Long Island University
FIPSE -15100.00

Insurance 100.12
Computer Use 25.20

153.05

UNC Credit -153.05
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THA -MASTER ROSTER

UNC

Allen Balczarek
853 S. Coors Dr.
Lakewood, CO 80228

Ind. Arts
Skinner M.S. -ind art

Marsha Barber
1868 B South Ammons
Lakewood, CO 80226
Physical Geography
Deer Creek JHS - earth sci

Pete Brayton
2612 S. Logan m3
Denver, CO 80210
Biology
Arapahoe HS - physics

Cindy Church
Biology Dept.
UNC
Greeley, CO 80639
Biology
GTA- biol

Julian Clark
8248 Acoma Way
Denver, CO 80221
Biology & Chemistry
Montbello HS - physics & e.s.

Ray Coddington
1868 Northview Dr.
Colorado Springs, CO 80909
Biology
Wasson HS - chen & biol

John Davidson
10110 W. Warren Dr.
Lakewood, CO 80227
Earth Science
Denver West HS - earth sci & physics

George Franklin
18942 E. Kansas Dr.
Aurora, CO 80017
Biology
Aurora MS - physical sci & life sci

Marshal Hanks

2925 S. Mobile Way
Aurora, CO 80013
Physical Science
Thomas Jefferson HS chem & physics

Rodman Hayes
3450 Estes St.
Whaatridge, CO 80033
Biology
Ken Caryl JH - math

Ron Jones
3330 Mirage Dr.
Colorado Springs, CO 80918
Physical Science
Wasson HS - physics

Peggy McCoy
6516 S. Flower
Littleton, CO 80123
Biology
not teaching this year

Jack Simpson
5320 W. Kentucky Ave.
Lakewood, CO 80226
Physical Education
Denver PS - pe & ind art

James Skadden
7025 Defoe Ave.
Colorado Springs, CO 80911
Mathematics
Wi&.field HS - physics & astronomy

MaryAnn Varanka
P. O. Box 3173
Estes Pa, L, CO 80517
Biology
Estes Park HS - chem & biol
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College of Arts and Sciences
Department ot Physics

December 17, 1984

University of
C-'e C,)! )raL( )631

Northern Colorado 1303) 351-2961

Dear Colleague:

The shortage of physical science/physics teachers continues and
will potentially worsen as many school districts increase gradua-
tion requirements in sciences. One way of reducing this shortage
with relatively limited resources is to retrain teachers from
other disciplines and to enhance the preparation of teachers
currently teaching physical science/physics with limited background.

The Hellman Academy for Mathematics and Science Teacher Education
Retraining (THA-MASTER) model program, has been developed and
successfully implemented by the Brcoklyn Campus of Long Island
University. Funding for this program has been fron the National
Science Foundation (NSF) and the Fund for Improvement of Post
Secondary Education (FIPSL). The Physics Department of the Uni-
versity of Northern Colorado is proposing to implement this program
as a dissemination site under FIPSE funding.

The program is for individuals who have classroom teaching experi-
ence, a minimum of one year of college level scie es, and a desire
to either become or improve as a physical science /p.i ;Jsics teacher.

The first course in the program is a preparatory course to compen-
sate for undergraduate deficiencies in physical science. This course
does not carry graduate credit. Following are four courses that
cover the essential content of physics integrated with pedagogic
matErials addressing appropriate techniques and materials to be used
in grade levels 7-12. A final course on societal issues related to
physics is presented. The courses are scheduled over a 15-month
period: two summer sessions and the interim academic year.

We would appreciate your assistance in assessing the need for a
program such as described above and help in identifying a pool of
candidates to participate in this program by responding to the
attached questionnaire.

Sincerely,

Paul A. Lig tsey, Ph.D.

Chairperson, Department of Physics

PAL/rw

The University of Northern Colorado is fully committed to Affirmative Action and Equal Opportunity.
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UNC Ph-: cal Science/Physics Retraining Sur,

Name:

Address:

Telephone:

School/District:

1. What are the current staffing needs in high school physics and high school/
junior high physical science courses in your school and/or district?

2. Approximately how many teachers in your school and/or district are currently
assigned to teach physical science and/or physics classes, but have less than

one year of college physics preparation?

3. How many teachers in your school and/or district having limited physics prepara-
tion would benefit from participation in a program as described?

4. What incentives or rewards would there be for such a person in your school and/or
district to pursue this program (e.g. salary increments, job security, recogni-

tion, etc.)?

5. Would your district administration be willing to aid in retraining of these

individuals through stipends, released time, etc.?

6. What would be your estimate of the number of teachers in your school and/or
district who would desire to participate in this program.?

Please list the names and addresses of individuals that you feel would benefit and
be interested in this program on the reverse side of this questionnaire.

Please contact me if you have any questions regarding this questionnaire or the program.

Questionnaire should be returned as soon as possible to:

Paul A. Lightsey, Ph.D.
Chairperson, Department of Physics
University of Northern Colorado
Greeley, CO 80639
Telephone: (303) 351-2961

29-,,,,



College of Arts and Sciences

Department of Physics

Dear Colleague:

ItUniversity of
Northern Colorado

G30re3e)I3e5y1,-Coloirado

80639

April 26, 1985

We are pleased to announce that the University of Northern Colorado has received a
grant to implement a model program, ThA- MASTER, for retraining teachers from other
disciplines in physics/physical science or to enhance the training of those currently
teaching in physics or physical science courses. A brochure is enclosed that farther
explains the program.

The grant will allow this program to be offered at a reduced tuition ($25.00/credit
hour + course fees). The course fee structure has not been determined at this time,
but negotiation., are in progress to keep the cost to the participant low. Enroll-
ment will be limited to 30 participants maximum, 15 minimum.

The courses will be offered in the Denver-Metro area in an evening and weekend format.
The prenaratory course will be scheduled two nights per week for five weeks starting
in late July. The next three courses will be offered, one per quarter, through the
academic year. These will be offered in a pattern of Thursday evening of week one,
all day Saturday of week two, Thursday evening of week three, and week four off.
Then repeat twice more for a total of eleven weeks. The last two courses will be
offered next summer.

The courses will be focused on developing content knowledge and the associated observa-
tional and problem solving skills. This development will be achieved by classroom
methods that can be models for the program participants to use in their own classrooms.
The models will incorporate a multi-experience approach consisting of laboratory
exercise, lecture-demonstrations, video, text and computer-assisted instructional
materials, As fundamental physical concepts are developed, technological applications
and related societal impact will be integrated into the course content.

The final course of the program will examine a series of topics related to science
education. Some examples of such topics would be cognitive skills development,
educational technologies, social-economic concerns related to equipment and supplies
availability, teacher support system, minority student support systems, and alterna-
tives to classroom experiences that might be developed through cooperation with
industry.
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Please share this information with your colleagues. If you or your colleagues desire
additional information and/or application forms, please contact:

Paul A. Lightsey
Department of Physics
University of Northern Colorado
Greeley, CO 80639
Telephone: 351-2961

Since admission is limited, interested candidates for this program should apply
promptly.

Sincerely,

Paul A. Lightsey

PAL/db
Enclosure



TO: Persons expressing interest in THA-MASTER program.

FROM: P.A. Lightsey

DATE: May 22, 1985

Thank you for your interest in THA-MASTER program. An application form is

enclosed. We will make initial selection of participants on June 14. Applications
received after June 14 will be considered on a "space available" basis.

The preparatory course will run four hours a day, Monday through Friday for
two weeks, Aug. 5 through Aug. 16. The remaining courses will run on a four week

cycle during the academic year. The cycle will consist of a Thursday evening
during week 1, all day Saturday at the end of week 2, Thursday evening during week
3, and week 4 free for self-study, recurcration, and regrouping as necessary. The

courses will employ laboratory exercises, demonstrations, video, and computer assisted
activities and encourage exploration of other effective learning strategies to be
used "outside" of the scheduled class time. One of the goals is to have these tech-
niques be useful to participants as models for their own teaching of physics.

If you have additional inquiries, please contact:

Paul A. Lightsey
Department of Physics
University of Northern Colorado
Greeley, CO 80639
Phone: 351-2961



Univt rsity of Northern ,,.. .

THA-MASTER

The Hellman Academy for Mathematics and Science Teacher Education Retraining

Funded by The Fund for the Improvement of Post Secondary Education
United States Department of Education

1. Name

2. Address

3. Telephone Number

4. Business Address

5. Business Telephone Number

6. Social Security Number

7. Date of Birth

8. High School

9. Undergraduate University

10. Graduate Uoiversity

Major

Date of Graduation

Date of Graduation

Date of Graduation

Minor

Degree

Degree

11. Mathemktics courses taken in college (undergraduate and graduate).

Title Credits Gracie University Date

12. Physics courses taken in college (undergraduate and graduate).

Title Credits Grade University Date

2*
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13. Other science courses taken in colleye 0Andergraduate and graduate).

Title Credits Grade University Date

2

14. Pertinent high school courses in mathematics and science.

15. Teaching Experience

Please list, starting with your current position, your teaching experience
from 1981.

Position School Grade Level Subject

16. If you are not currently teacning, or have not taught in the past five
years, explain why.
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17. List all Colorado Certificatio:, endorsemeots you hold.

18. Briefly explain your reason for applying to tnis program.

19. Scores (if available): SAT ACT GRE

Transcripts of undergraduate and graduate study pin two letters

of recommendation should be submitted with this applir:atioo to:

Paul A. Lightsey

Physics Department - Ross Hall
University of Northern Colorado

Greel,?:/, CO 80639

Date Signature

arAIIIMI
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Interim Report: THA-MAS:LL

In February, 1985, the University of Northern Colorado Physics Department was
selected as a site for the THA- MASTER Program administered by Leng Island University
and fnded by FUSE. From previous surveys conducted by the UNC Physics Depart-
ment, an off-campus program in the Denver metropolitan area was determined to be
the most efficient in reaching 'he largest potential audience. A brochure advertising
the prograat was distributed during the spring to all high schools and junior high
schools in the metro area (brochure enclosed). Initial inquiries for applica-
tion materials exceeded 50. Thirty-one applications were completed and 28 participants
are currently enrolled in Vie program (10 female, 18 male). Class roster is enclosed.

The preparatory course was taught during August 1985. Cherry Creek high School
was cho:3n as the delivery site being central to the Boulder, Denver, Colorado Springs
area from which participants resided. A syllabus and class materials were prepared
by Wallace Aas and was assisted by Paul Lightsey in the instruction of the course.
(Sample set of materials enclosed along with class roster). This course was
delivereJ in 10 .ifternoon sessions over a two week period. The students received
three credits (quarter hours). The standard student evaluation survey instrument
was administered upon completion of the class. Results will be Zorwarded at a
later date (form enclosed).

The first content course, mechanics, started in September, 1985. The course
is ling taught by Paul Lightsey, with Wallace Aas assisting. In addition, Courtney
Wi !s, a master high school teacher at the University of Northern Colorado Labora-
tory School is being used as a resource person in this course. The course is being
taught in a Tnursday evening, all-day-Saturday, Thursday evening format. The
cc nlete schedule for the first four courses is enclosed.

A standarized test over physics content was administered as pretest. A similar
test will be administered as a post-test upon completion of the fourth content course.
The results of the test indicate a deficiency in knowledge of physics by the class
as a whole, consistent with the cbjectives of participant selection.

Student evaluation forms will be administered upon completion of each course.
In addition, adaptations of the sample forms developed by Carole Kazlow will be
administered to students upon completion of the third course (second content coursL ,

and sixth course. The instructor participation forms will be filled out b\ all
faculty participating in the program.

Currently, $750 for project director salary has been encumbered for Paul
Lightsey, and $1176 for instruction of the preparatory course have been encumbered
for Wallace Aas. An additional encumbrance of $1568 for lecture, $784 for lab
instruction, and $200 honoraria for inviting master tea,'ers to make presenta-
tions is anticipated for each of the four content cours 3 to be taught Fall,
Winter, Spring end Summer Quarter. An encumbrance of $1176 for instruction and
$200 honoraria is anticipated for the pedagogic course next summer. An additional
encumbrance of $750 for project director is anticipated, leaving $1042 for a
travel budget. Anticipated travel would be for Wallace Aas and Paul Lightsey to
attend the March meeting of NSTA in San Francisco and for Paul Lightsey to attend
tht. January meeting of AAPT in Atlanta.
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The University

The University of Northern Colorado lb uniquely qualified to provide
retraining programs for teachers of Science. One of the major gcals and missions
of the University is the training of teachers. Indeed, CNC has long been recog-
nized as a leader in this area and has been designated b.; the Colorado Commis-
sion on Higher Education as the premier teacher education institution in Colorado.

Most all academic departments at the University are involved in teacher
preparation. This includes the Departments of Biology, Chemistry, Earth Science,
and Physics which, in addition to having strong undergraduate programs leading to
graduate and professional schools, take pride in training the secondary school
science teachers for the state of Coloradc. Furthermore, the faculties of each
of these departments is involved with the supervisicn of student teachers which takes
these faculty members to many of the schools state-wide and brings t!-em into
contact with many of the science teachers around the State. Because this the
faculty.in Biology, chemistry, Earth Science, and Physics have close ties to high
school science teachers and to secondaey schoolssectewide. furthermore, the science
faculty provide much of the state leadership for or:_anizations dedicated to
excellence ald innovation in science education such as the Junior Colorado-Wyoming
Academy of Science, Colorado Biology Teacher'e Associatio, Wational Science

Teacher's Association, American Association of khysics Tear...era, National Associa-
tion of Geology Teachers, and the Education Section of the American Chemical
Society. In addition the University and the science faculty hare been reerms.l.ble
for providing summer educational experiences for outstanding upper lev21 high school
science students through the Frontiers in Science Institute which is funded by
private industry located in Colorado. AdCtion-1 long tom interactions between
the University and Colcrada secondary sctorle include a summer prrvem for gifted
and talented secondary school students, a "Co:lec, for .7.(16-os" sr . program which
includes innovative science *ourses, a science via,tution day p. _am for secondary
school students and their teaches as well za annual education ckliference for
Colorado and surrounding area edu.ataTs. The faculty members participating in
THA-MASTER program present lectures, 4emonztrations, and activities for these
programs annually.
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PORTLAND PUBLIC SCHOOLS

Portland, Maine

LONG ISLAND UNIVERSITY MATHEMATICS PROJECT

Final Report
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Long Island Math Project
Portland Public Schools

Richard L. Whitmore
Assistant Superintendent/Secondary

331 Veranda Street
Portland, Maine 04103

(207) 775-0900

Project Context:

The context of this project is to fill .,he gaps in the Portland Public Schools' Math
Department stemming from a national teachers shortage in mathematics. Prior to
the funding, the project was nonexistent. The project is tending toward success given
that two Long Island participants have already been placed in secondary mathematics
positions. Also, given that the staff at Deering contained teachers qualified to teach
the Long Island Project (LIP) has lead to its preliminary success. This peer-teaching-peer
relationship is one of the most beneficial aspects of the Portland project due to the
increased availability of the instructors to the students.

Our organization has 2,400 students and roughly 25 secondary mathematics teachers.
The Portland Public School System enjoys a local, state, and national reputation for
educational leadership and achievement. The school system is proud of it: c.zcellent
program of study, good discipline, and renovated and new buildings. Alternative educa-
tional programs are available. Test results are aggressively used to improve student
achievement, teaching, and administrative staff performance. There are active staff
development programs for teaching excellence - the Long island Math Project is
one example. Because of such programs we were able to accommodate the LIP without
significant changes in school policy or organization.

The best feature for Portland adopting LIP was having qualified instructors on the
math staff capable of implementing the LIP objectives. Teachers Dorothy Kelleher
and Larry Wheeler were weL prepared to implement and to execute the program tasks.

The students in this Portland program consisted of teachers ft, n elementary, middle
and high school levels. Two teachers had degrees in mathematics; the remaining partici-
pants did not have math degrees. All participants expressed an interest in math and
a desire to teach advanced secondary levels. it seems that they will be able to fulfill
their goals through this project.

Funding came from the Portland Public School System and the participants besides
Thamaster.

The Portland Public Schools guaranteed a minimum enrollment of twelve participants
and w' 1d reimburse Lor .4, Island University $1,355 dollars per teacher per course.
The teachers agreed to rep (course the Portland Public Schools $650.00 if they completed
the six courses.
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There were no major changes in timetables, emphasis, and support as outlined in the
original project conception.

Backgroung ard origins:

In the spring of 1984 we were approached by Long island University to participate
in the teacher training project. Dr. Madeleine Long, Director, Brooklyn University,
Dr. Peter Greer, former Portland Superintendent of Schools and Mrs. Eve Bither, former
Assistant Supeririterdent/Secondary met to discuss the program. After Dr. Long describ-
ed the project I: was decided that Portland would participate in the I.Nrogram. We
began recruiting teachers to participate in the project. Due to a change i'i Assistant
Superintendents, the project did not begin until September 1985 and endir.g in June
1987.

Project Results:

As a result of completing the project, two participants are teaching st the secondary
level and two more anticipate entering math teaching during 1987-88.

Considerable math faculty interaction has resulted from LIP. A network of professional
"helping" is evident among program participants. Dissemination is evident in secondary
student achievement resulting from additional content acquired by participants.

24:
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A Program to Prepare
Teachers of Mathematics

mt. progi gym. developed in response to a critical .iced
for mathemati 's teachers, otters a unique opportunity
to a select group of students Its purpose is to prepare
persons to become junior and senior high school
mathematics teachers The program will begin during
the second summer session of 1985 at Texas Woman's
L nnerste in Denton

The model for this program vyzs developed at Long
Island Uniyersitv and is now being offered at several
sites across the countly, where adaphons of the model
are being mccrporated The resulting network is effec-
ti% ely using the model, which was designed for non-
mathemahis majors, to produce successful teachers of
mathematics

Program Highlights
Graduate courses specifically designed for prospecia/
teachers of mathematics
Unique course schedule and contact hour jlan
18 semester credit hours in mathematics
Lectures and small discussion groups
Individual academic counseling and advising
Opportunity to qualify foi the Master of Science or
Master of Science in Science Education degree
Opportunity/ to qualify for certification at the
secondary leyel in mathematics
Limited tuition scholarships available

Staff
Site Project Director Dr Rose Marie Smith

Chairman, Department of
Mathematics. Computer
Science, and Physics.
Texas Woman's University

Other TWL' Statt Include'
I'rotessor John Christy
Associate Professor Bobby Fetcher
Associ-ite Professor Turner Hogan
Associate Professor Lee Kennedy
Assistant Professor Frances Thompson
Lecturer Catherine Banks

Eligibility Requirements
To be eligible for this program you must seek secon-
dary certificotion, recertification, or additional certifica-
tion in mathematics as a teaching field
Have completed one year of college mathematics
Qualify for admission to the'. 'xas Woman's Univer-
sity' Graduate School and/or Certification Program

Yearly Schedule
The mathematics courses offered are

MATH 5903 Survey of Mathematics I
MATH 5903 Survey of Mathematics II
MATH 5903 Applied Calculus I

Sum 11 1985
Fall 1985

Spring 1986

MA I I I -,411.3 Applied Calculus II
MA I I I 7,903 sure of Modern Math
MATH 7,903 History of Mathematics

Sum I 1986
Sum I 19146

Sum II 1986

In the operation and administration of the project and
in the selection of participants, Texas Woman's Univer-
sity will not discriminate against any person because
of race, creed. color, sex, age or national origin.

Other sites offering the
TIM-MASTER

Long Island University
Dr Madeleine J. Long
Institute for the Advancement of Mathematics and
Science Education
One University Plaza
Brooklyn, N Y 11201
(718) 44)3 -1056

Beaver College
Dr. A. Richard ('ohs
Office of Graduate Studies
Easton and Church Roads
Glenside, l'a. 10938
(215)572-2900

Trenton State College
Dr Michael lannone
Office of Academic Affairs
Hillwood Lake CN 550
Trenton, N.J. 08625
(609) 771-2269

University of Miami
Dr Gilbert J. Cuevas
School of Education and Allied Professions
P.O. Box 248605
Miami Fl. 33124
(305) 284-'301

Arizona State University
Dr Lehi T. Smith
Department of Mathematics
Tempe, Az. 85287
(601) 965-3951

Texas Woman's University
Dr Rose Marie Smith
Chairman, Department of Mathematics, Compukr
Science, and Physics
P.0 Box 22865
Denton, Tx 76204
(817) 566 -6335

University of northern Colorado
Dr. Paul Lightsey
Department of Physics
Greeley, Co 80639
(303) 351-2961

Western Oregon State College
Dr Robert Main
Department of Mathematics
345 Monmouth Avenue,
North Monmouth, Or. 97361
(503) 838-1220 ex 443



Texas Woman's University

Department of Mathematics, Computer Science and Physics

A PROGRAM TO PREPARE TEACHERS

OF MATHEMATICS

Model Site

THA- MASTER
Long Island Universit-

The Model Mathematics Retraining Program

supported by

The Fund for the Improvement of
Postsecondary Education

(FIPSE)

Department of Education
1983-1986

Site Project Director:
Dr. Rose Marie Smith, Chairman
Department of Mathematics, Computer
Science and Physics

Texas, Woman's University
6enton, Teas 76204
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The THA-MASTER project entitled "A Program to Prepare Teachers of
Mathematics" began at Texas Woman's University during the second
summer session of 1985. Coursework continued during the fall of
1985 and spring of 1986. During these three semesters the parti-
cipants were enrolled in two courses in precalculus and the first
semester of introductory calculus following the curriculum of the
Model Site. A graduate student worked with the participants to
provide tutoring and other help during the entire project. This
support was particularly useful during the beginning of the project
when the students needed good experie,-...es in mathematics in order
to learn content and gain confidence. During the summer of 1986
three courses were taught. Hard-working, highly motivated partici-
pants and qualified, talented faculty produced twenty able
secondary mathematics teachers through this project. These teachers
will be productive in Texas mathematics classrooms cor a long time.
This project has been the beginning of an exciting journey in under-
standing, appreciating and learning to impart mathematics for these
participants.

A PROGRAM TO PREPARE TEACHERS OF MATHEMATICS
Department of Mathematics, Computer Science

and Physics
Texas Woman's University
Denton, Texas 76204

2



A PROGRAM TO PREPARE TEACHERS OF
MATHEMATICS

Dr. Rose Marie Smith, Chairman
Department of Mathematics, Couputer

Science and Physics
Texas Woman's University
Denton, Texas 76204
817-898-2166

The Department of Mathematics, Computer Science and Physics at Texas
Woman's University has a long history of preparing mathematics teachers
in the State of Texas. Currently, Texas is fa-ting a severe shortage of
competent mathematics teachers. There are, however, many teachers of
other disciplines who have always had an interest in mathematics who
find that investing in the task of learning mathematics has great
potential for them. There are many opportunities in the geographical
area around Denton, Texas, which includes the Dallas-Fort Worth area,
for persons with ability, interest and credentials to teach
mathematics.

The THA-MASTER provided a curriculum model very compatable to the
curriculum used in the Department at TWU. After talking with D-.
Madeleine Long, the faculty at TWU were convinced that this was a
project that would be successful at TWU. Their commitment to the
project accounted for a great portion of the success we enjoyed.

Some of the students who attempted the project could not perform on the
time line implemented. They had to work at a less challenging pace.
In some instances they were unwilling or unable to acnieve success at
any pace. They, however, hae tried and this was imprrtant.

Twenty students completed the project. They will be contribut!Ig to
mathematics education for a long time to come. They are teaching in
large systems and in small systems. Denton is on the northern edge of
the Dallas-Fort Worth metroplex. We are surrounded by large urban
settings and small rural communities and many setting in between.

Phis was a successful project for TWU. We are pleased to have been
selected to be a part of what we believe is a very creative approach
to preparing teachers of mathematics.



A Program to Prepare Teachers of Mathematics
Department of Mathematics, Computer Science and Physics

Texas Woman's University, Denton, Texas

FINAL BUDGET
July, 1985 - December, 1986

Salary for Site Director - Dr. Rose Marie Smith
1/12 of contract amount for Fall and Spring semesters

Salary for Administrative Assistant
Graduate student for tutoring sessions
Summer, Fall, 1985, Spring, Summer, 1986

Advertising for Recruiting Students

Operating Expenses including brochure,
mailing, travel, supplies and duplicating

TOTAL

Five hundred dollars ($500) was provided from the TWU
site for the Dissimination Conference. One of the participants
accompanied Dr. Smith to the Dissimination Conferencs.

$ 3,132

7,333

1,063

3,072

$14,500

300

Original Contract Total
$15,100

Texas Woman's University provided secretarial support and
office space for the personnel involved in "A Program 'co

Prepare Teachers of Mathematics" for the eighteen months of
the project. In addition, the salaries for the teachers of
record were paid by TWU. indircct costs and fringe benefits
wele also contributed by TWU.

Amount of office support $ 5,400

Amount of salary support 16,845

Amount of Fringe Benefits 2,970

Amuunt of Indirect Costs 1,200

TOTAL TWU SUPPORT $26,415

24



Texas Woman's University announces

A Special Program to Prepare
Teachers of Mathematics

In response to a cntical need for mathematics teachers in public schools, I e\as Woman's Lim or-say is tittering a special program to selected students to prepare a gimor and senior high'( ;tolmathematics teachers

I sere are stirie program highlights:
Program begin, during Licond .winner se...ion 1'15 at
1111. n Denk in, on!. ial alit ill I I IA MA`d I It progiam

loped .11 I 111,4 iI.1111.1 l tuter.te
llu.luo tours' ,.h. Jule anJ omit.aI hour plan
IS edli hour. in mathemath

It. tore. and .011.1111

iutiu.iitudi ,,..mmq.u.uld alt t.utl;
( cultli..ahm it tlit
s'vontt.Wt Ittrl ui 111.IIIIl
I With d ttuttuu t 11,1,11 .11..411.1ble

i o Lie eligible for this program you must be seeking set outlay Ct:1111 It.111ttil, 1e. ert I, alum, in addition.''.1. erttttLattun in mathematic, as t teaclung held, hate kompleted one year of .allege mother-natl.. titi.1111%tor actmhsion to the IlVt: Craduate `sthliol and'or the (tiNth.11unl I'1 o11.1111 Ili, pri %I am is ort11
to opal:111AI iwisons I eital Me.. I I rat c, reed.
color, age, or national ttrtglI1send me applitation and information about

Pnigram to Prepare fra.ltt r. o Mathematic.
or NI:1'A I) degrees in Atathematk.

Crruht.ttion to NIathematiks
tould like an appointment

(Phone 817 ;60 -811:)

Name ipluase print)

t tit _ . ',taw lip
Pliont liti.tlit ( 1011111

!Lir 11110r111.111011 OW, I. 1111 1,,
1)r Itose taut

Plow' I Dire, tor III !i.1 VII 1 It
I), pal [mem u1 *s.1 lli, man.. I ompater R. k 1 IL
and
110 22ttn;, re,1. 11 on1.111 cr.it,,
IAnlon, F\ 70204, h17 "mit, 011;

Texas Woman's
University Denton

2/I



Institution:

Project Title:

Date:

FY 1986 MATHEMATICS, SCIENCE AND COMPUTER SCIENCE
TEACHING IMPROVEMENT GRANT PROGRAM

FINAL REPORT SUMMARY FORM

86-992005-1800
(Contract Number)

Trenton State College

A Program to Retrain Teachers in Mathematics

February 15, 1987

Amount of Grant Award: $30,000

Amount Expended: $30,000 (unaudited)

Balance (unexpended funds): -0-

Major Accomplishments: The "Program to Retrain Teachers in Mathematics" was
implemented as proposed. The program consisted of
eight graduate courses designed t. lead the project
participants to certification in mathematics.
Thirty-four individuals began the program and two more

were added mid-stream. Of these, 19 completed the

program and 22 either have or will receive

certification. T).- project actually surpassed the

original expectations in that when initially conceived
the target population was 25 participants with a
success rate of 60 percent predicted. The number of
participants was increased to accommodate the
Department of Education request for more teachers from

urban districts.

The college wishes to thank the Department of Higher
Education, the Department of Education, and Long
Island University (FIPSE) for their support of this

project. As a result the pool of prospective
mathematics teachers within our state has increased
substantially.

Number of Students Served or Project Participants:

(where appropriate) 36

Number of Course Affected

(where appropriate) 8
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The program to Retrain Teachers in Mathematics was implemented as proposed.
This final report offers an overview of the program accomplishments.

RATIONALE

At the time cf initial discussion of the program, colleges in New Jersey were
training very few students to teach mathematics in our schools. Additionally,
there was a documented shortage of certified mathematics teachers, especially
in urban districts. This program was designed to offer 24 semester hours of
graduate credit which in conjunction with the 6 semester hours most
participants brought to the program and with passrge of the mathematics
specialization test on the National Teacher Examination would lead to
certification in mathematics. The original proposal targeted 25 participants
and projected a success rate of 60 percent. Thus, it was assumed about 15
prospective mathematics teachers wnuld be available for our schools.

SELECTION OF PARTICIPANTS

The participants in the program were selected from among the 94 applicants who
applied. In order to attract applicants we utilized (1) mass mailing to each
school in a five county surrounding area, (2) newspaper advertisements, (3)
newspaper articles, (4) personal visits to area schools and county
superintendent round tables, and (5) a special meeting for candidates as a
result of a letter forwarded to districts from the Department of Education:.

Of the 94 applicants approximately 70 were interviewed and 34 were selected to
begin the program. All applicants who met the minimum cmalifications for the
program were interviewed. The final selection was made on the basis of merit
with teachers currently teaching in urban districts given priority. As a
result 16 of the 24 urban district candidates and 18 of the 46 non-urban
district candidates were selected. For the record approximately 30
applications were not reviewed because they arrived after the deadline date.
Also, about ten applicants requested mid-stream entry since they had already
committed to other ',laps for Summer 1985. Overall, there were close to 200
requests for information about the program.

24



PROGRAM DESCRIPTION

The program offered an undergraduate refresher course plus eight graduate level
ma.:hematics courses over eighteen months. The timetable of the course
offerings is given below:

Term Courses edumber and Title Credits

Summer 1985

Fall 1985, Q1

Q2

MAT 100
MAT 510

MAT 512
MAT

Refresher Mathematics
Survey of Mathematics

Applied Calculus I
Applied Calculus II

1

3

3

3

Spring 1986, Q3 MAT 516 Introduction to Modern Mathematics 3

Q4 MAT 695 Topics in Mathematics 3

Summer 1986 MAT 530 Geometry 3

Fall 1886 Q1 MAT 560 Linear Algebra I 3

Q2 CSC 520 Fundamentals of Computer Programming 3

Participants were held to high standards in all courses. The program offered
the students a strong foundation in mathematics and prepared them to be
effective classroom teachers. The course description for each of the course
offerings follows:

MAT 100 Refresher Mathematics for Teachers

Review of the essential topics and techniques of high school algebra
and geometry.

MAT 510 Survey of Mathematics

Introduction to analytic geometry. Relations and functions.
Polynomial functions. Exponential functions. Logarithmic functions.
Trigonometri: functions. Elements of linear algebra. Elements of
probability and statistics. Applications.

MAT 512 Applied Calculus I

The nature of the calculus. Ristorical introduction. Functions.

Mathematical models. Limits. Continuity. Differentiation.
Applications of the derivative. Limits of transcendental functions.
The mean-value theorem. Limits involving indeterminate form.
Applications.

21G
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MAT 514 Applied Calculus

Antiderivatives. Fundamental techniques of integrations. The
Rii.mann integral. Applications of the definite integral. Improper
integrals. Approximate integration. Sequences and series. tkiform
convergence. Power series. Functions of several variables limits
and iontinuity. Part's' derivatives. Extreme values. Expansion of
functions of two variables into series. Applications.

MAT 516 Introduction to Modern Mathematics

Propositional calculus. Mathematical proof. Introduction to set
theory. The real number system. Cardinal numbers. Denumerability.
Complex numbers. The fundamental theorem of algebra. Introduction
to number theory. Groups, rings and fields. Euclidean and
nonEuclidean geometries. Elements of projective geometry.
Introduction to topology. Applications.

MAT 530 Foundations of Geometry

Postuntional methods are discussed and emphasized to give a
tnnception of the structure of Euclidean and nonEuclidean
geometries. Elementary geometry is reexamined from an advanced point
of view.

MAT 560 Linear Algebra I

A thorough treatment of linear transformations and their
representation. Topics include matrices, bilinear forms,
eigenvalues, eigenvectors, normal forms, vector spaces, and
applications.

MAT 695 Selected Topics in Mathematics for the Secondary School Teacher

This course includes -ific topics relevant to the secondary school
teacher of mathematic .n particular, Number TheJry is the focus of
this course. Discussion centers on divisibility, prime numbers,
unique factoriza'ion, quadratic reciprocity, aums of squares, and
arithmetic funct4rns.

CSC 520 Fundamentals of Computer Programming

A first course in computer ?rogramming for graduate students with a
sophisticated mathematical background. An algorithmic computer
programming language such as Turbo PASCAL will be taught assuming no
prior knowledge, and used to program computational solutions of
mathematical problems.

24;4
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PROGRAM RESULTS

APPENDIX A of this report gives ..he student performance record of each of the
participants in the program. A concluding statement indicates the reason for
non-completion of the program where appropriate. Below is a table of the grade
distribution for each course:

A B C D F P WD TOTAL

MAT 100 0 0 0 0 0 33 1 34

MAT 510 14 8 4 3 4 0 0 33

MAT 517 10 5 8 2 0 0 5 30

MAT 514 10 4 7 2 1 0 1 25

MAT 516 11 li 2 0 0 0 0 24

MAT 695 10 8 4 0 2 0 0 24

MAT 530 13 6 2 1 0 0 0 22

MAT 560 3 9 3 4 0 0 0 19

CSC 520 8 3 4 3 0 0 1 19

As a result of the program we assume at least 22 of the participants will
receive certification in mathematics. Obviously the nineteen who finished the
prc am either have or will seek certification. The three studellts who
completed the program after Summer 1986 (six courses) all brought 12 credits to
the program and either are certified or are seeking certification. In addition
we know of at least one other that dropped out before the Simmer of 1986 who
has continued taking mathematics courses on her own which will eventually lead
to certification. Of the thr.le who are already certified, two of them are
currently teaching mathematics for the first time. Several others have
indicated that mathematics positions are available to them once they receive
their certificatior. A follow up of each of the participants will be taken in
the fall of the year.

Summary Lad Conclusion

In general, we were very pleased with the efforts of the participants. They
were totally committed for eighteen months at great persocal sacrifice. These
individuals gave up two summers, one academic year, and one additional
semecter, as they traveled to Trenton State College twice week to meet from
5:00-9:30 p.m. at the same time they were teaching full schedules during the
day. The other nielts and %.aekends they worked outside of class on their
assignments. It was obviously a hardship for some, but they managed with
strong family support in some cases and almost no family support a others.
Only the most dedicated individual could survive such a gruelling schedule.

2
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In order to receive feedback from the participants we continually requested and
received faculty, course, and program evaluations from the parr'r!ii,,mts. A
sampling of the program evaluations is given in A-PENDIX B. As yOU will note
the feedback was mostly p.,sitive and reflected the efforts of those involved in
the project. As a result we were encouraged to apply for a CYCLE II of this
program and will soon apply for a CYCLE III.

It is obvious from reading this repot that we believe the program has
accowlished its major objective of providing the mathematics training to
prepare the participants for service as mathematics teachers 1.n our state. We
further believe that this has been accomplished while maintaining high academic
students and providing high qualit-4 courses. Obviously, as with any program,
there were a few who did not achieve as well as others, but we still believe
that they have a sufficient background to be quality teachers of mathematicn.

Lastly, in APPENDIX C is a paper delivered by the Project Director at tht
Mathematics Retraining conference in Puerto Rico in December. It indicates how
the program offered meets NASDTEC Accreditation students.



PROGRAM TO RETRAIN TEACHERS IN MATHEMATICS
CYCLE

PROJECT # 86-992005-1800
AMOUNT $30,000 - DHE

3,500 - LIU

Project Expenditures

I Personvel
Adjusted
Budget Expended

A. Directors's Stipend - DHE 1500 1500

- LIU 3500 3500

B. Summer 85 Instruction

Instructor 3200 3200
Associate 1600 1600

C. Fall 85 Ilstruction

Instructor 2000 2100
Q1 Associate 1000 1050

Instructor 2000 2100
Q2 Associ.,.% 1000 1050

D. Spring 86 Instruction

Instructor 2000 2100

Q3 Associate 1000 625

Instructor 2000 2100
Q4 Associate '000 1050

E. Summer 86 Instruction

Instructor 2000 2000
Associate 1000 1000

F. Fall 86 Instruction

Instructor 2000 2100
Q1 Associate 1000 625

Instructor 2000 2100
Q2 Associate 1000 625

SUBTOTAL DHE 27300 26925
LIU 3500 3500

II Non-personnel

A. Supplies & Cert. Ceremony 2700 2700

TOTAL DHE 30,000 30,000
LIU 3,500 3,500
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Sites for the TIM-MASTER have been established at the
following colleges and uilversities:

TM-MASTER DISSEPIIRATION SITES

Dr. Michael A. lannone
Department of Mathematics and
Computer Science
Trenton State College
Millwood Lakes CM 550
Ewing Township, 11.108625.0550
(609) 771.2269

Beaver College
Dr. A. Richard rolls
Office of Graduate Studies
Glenside. PA 19038
(21S) 372.2960

The University of Miami
Or. Gilbert A. Cuevas
School of education and
the Allied Health Sciences
Miami. Florida 33124
(305) 284-4301

Arizona State University
Dr. Lehi T. Smith
Dept. of Mathematics
Tempe, Arizora 85287
(602) 963-3951

Liu /Brooklyn Center
Madeleine J. Long
Project Director
University Plaza
Brooklyn. flew York 11201
(212)403-1056

Texas Woman's University
Dr. Rose Marie Smith
Dept. of Mathematics
Denton. Texas 76204
(817) 566-6335

University of Northern
Colorado
Dr. rai I A. Lightsey
Dept. of Physics
Greeley. Colorado 80639
(303) 331-2961

Western Oregon State
Col'...ge
Dr. Robert Main
Division of 1'atural
Sciences
and Mathematics
Monmouth. Oregon 97361
(303) 838-1220 ext. 443

IND OD a WM MINIM

Please send an application and additional information for
the Mathematics Retraining Progra I.

Please print

Name

AddrIss

City State Zip __________ _

Telephone
home business

A Program to Retrain
Teachers in Mathematics

Trenton State College

Department of Mathematics
and Computer Science

Using
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A Program ti Retrain Teachers in Mathematics

At the present time and in the near future there is a
need for more certified teachers in rnattu..atics
This program is designed to train non-mathematics
teachers In the field of mathematics and to provide
certification upon successful completion of the
program.

PROGRAM HIGHLIGHT}
FOR PARTICIPANTS

Tuition free

Graduate courses specifically designed for non-
mathematics majors

Two week refresher course will be offered
Summer 1985

Summer courses will meet for six v 16
sessions, four hours per session.

All other courses will meet twice a week, four
hours per session, for 7,n eight week period.

One-half of each session will be the traditional
classroom lecture The other half will be a
laboratory setting Including individual
tutorials, discussion groups, problem solving
sessions and testing.

24 credits in mathematics will be offered

Five of the courses will count toward the
Master Degree in Mathematics offered by the
Department

Completion of all cow x work required for
certification by December 1986 (full
certification requires completing successfully
the National Teacher Examination)

Provides the opportunity for employment as a
mathematics teacher.
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ADMISSION REQUIREMENTS

Certification In a field other than mathematics
Classroom Teaching Experience
Completion of at least sly credits of college
mathematics
Interview with Project Director or Designee

STAFF

Site Project Director:
Michael A. lannone, Ed.P
Associate Professor and L.:partment Chairman

Associate Site Project Director:
David Bo liver, Ed.D.
Associate Professor of Mathematics and
Computer Science.

OTHER STAFF INCLUDES:
Edward Con Jura, Ph.D.
Professor of Mathematics and Computer
Science

Charles Goldberg. ?h.D.
Professor of Mathematics and Computer
Science

Jane Ann McLaughlin, Ed.D,
Professoi of Mathematics and Computer
Scie mt.

Siegfried tiaenisch, Ed.D.
Profess°, of Mathematics and Computes
Science

II

PROGRAM SCHEDULE

Sumer 1985

MAT 100 Refresher Mathematics for Teachers
MAT 510 Survey of Mathematics

Pall 1985

MAT 512 Applied Calculus I
elAT 514 Applied Calculus II

Spring 1985

NAT 516 introduction to Modern Mathematics
MAT 695 Topics In Mathematics for Secondary
Teachers

Summer 1986
MAT 530 Foundations of Geometry

Pall 1986
MAT 560 Linear Algebra 1
CSC 520 Fundamentals of Computer Program.
ming

Trenton State College admits qualified students of
any age, race. color. national or ethnic origins. or
handicapped as defined by law.
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Institution:

Project Title:

Date:

(

FY 1986 MATHEMATICS, SCIENCE AND COMPUTER SCIENCE
TEACHING IMPROVEME1T GRANT PROGRAM

INAL REPORT SUMMARY FORM

86-992005-1800
(Contract Number)

Trenton State College

A Program to Retrain Teacners in Mathematics

February 15, 1987

Amount of Grant Award: $30,000

Amount Expended: $30,000 (unauditel)

Balance (unexpended funds): -0-

Major Accomplishments: The "Program to Retrain Teachers in Mathematics" was

implemented as proposed. The program consisted of
eight graduate courses designed to lead the project

participants to certification in mathematics.
Thirty-four individuals began the program and two more

were added mid - stream. Of these, 19 completed the

program and 22 either have or will receive

certification. The project actually surpassed the
original expectations in that when initially conceived
the trrget population was 25 participants with a

success rate of 60 percent predicted. The number of
participants was increased to accommodate the
Department of Education request for more teachers from

urban districts.

The college wishes to thank the Department of Higher

Education, the Department of Education, and Long
Island University (FIPSE) for their support of this

project. As a result the pool of prospective
mathematics teachers within our state has increased

substartially.

Number of Students Served or Project Participants:

(where appropriate) 36

Number of Course Affected

(where appropriate) 8



The program to Retrain Teachers in Mathematics was implemented as prcposed.
This final report offers an overview of the program accomplishments.

RATIONALE

At the time of initial discussion of the program, colleges in New Jersey were
training very few students to teach mathematics in our schools. Additionally,

there was a documented shortage of certified mathematics teachers, especially
in urban districts. This program was designed to offer 24 semester hours of
graduate credit which in conjunction with the 6 semester hours most
participants brought to the program and with passage of the mathe=t1.cs
specialization test on the National Teacher Examinatior, would lead to
certification in mathematics. The original proposal rergeted 25 participants

and projected a success rate of 60 percent. Thus, it was assumed about 15
prospective mathematics teachers would be available for our schools.

SELECTION OF PARTICIPANTS

The participants in the program were selected from among the 94 applicants who
applied. In order to attract applicants we utilized (1) mass mailing to each

school in a five county surrounding area, (2) newspaper advertisements, (3)
newspaper articles, (4) personal visits to arcs schools and county
superintendent round tables, and (5) a special meeting for candidates as a
result of a letter for7arded to districts from the Department of Education.

Of the 94 applicants approximately 70 were interviewed and 34 were selected to
begin the program. All applicants who met the u limum qualifications for the
program were interviewed. The final selection was made on the basis of merit
with teachers currently teaching in urban districts given priority. As a

result 16 of the 24 urban district candidates and 18 of the 46 non-urban
district candidates were selected. For the record approximately 30
applications were not reviewed because they arrived after the deadline date.
Also, about ten applicants requested mid-stream entry since they had already
committed to other Osns for Summer 1985. Overall, there were close to 200
requests for information about the program.
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PROGRAM DESCRIPTION

The program offered an undergraduate refresher course plus eight graduate level
mathematics courses over eighteen months. Tha timetable of the course

offerings is given below:

Term Courses Number and Title Credits

Summer 1985

Fall 1985, Q1

Q2

MAT 100
MAT 510

MAT 512
MAT 514

Refresher Mathematics
Survey of Mathematics

Applied Calculus I
Applied Calculus II

1

3

3

_3

Spring 1986, Q3 MAT 516 Introduction to Modern Mathematics 3

Q4 MAT 695 Topics in Mathematics 3

Summer 1986 MAT 530 Geometry 3

Fall 1886 a MAT 560 Linear Algebra I 3

Q2 CSC 520 Fundamentals of Computer Programming 3

Participants were held to high standards in all courses. The program offered
he students a strong foundation in mathematics and prepared them to be
effective classroom teachers. The course description for each of the course
offerings follows:

MAT 100 Refresher Mathematics for Teachers

Review of the essential topics and techniques of high school algebra
and geometry.

MAT 510 Survey of Mathematics

Introduction to analytic geometry. Relations and functions.
Polynomial functions. Exponential functions. Logarithmic functions.
Trigonometric functions. Elements of linear algebra. Elements of
p7obability and statistics. Applications.

MAT 512 Applied Calculus I

The nature of the calculus. Historical introduction. Functions.

Mathematical models. Limits. Continuity. Differentiation.
Applications of the derivative. Limits of transcendental functions.
The mean-value theorem. Limits involving indeterminate form.
Applications.



MAT 514 Applied Calculus II

Antiderivatives. Fundamental techniques of integrations. The

Rieman" integral. Applications of the definite integral. Improper

integrals. Approximate integration. Sequences and series. Uniform
convergence. Power series. Functions c" several variables limits
and continuity. Partial derivatives. Extreme values. Expansion of
functions of two variables into series. Applications.

MAT 516 Introduction to Modern Mathematics

Propositional calculus. Mathematical proof. Introduction to set

thcory. The real number system. Cardinal numbers. Denumerability.

Complex numbers. The fundamental theorem of algetra. Introduction

to number theory. Groups, rings and fields. Euclidean and
nonEuclidean geometries. Elements of projective geometry.

Introduction to topology. Applications.

MAT 530 Foundations of Geometry

Postulational methods are discussed and emphasized to give a
conception of the structure of Euclidean and nonEuclidean
geometries. Elementary geometry is reexamined from an advanced point
of view.

MAT 560 Linear Algebra I

A thorough treatment of linear transformations and their
representation. Topics include matrices, bilinear forms,
eigenvalues, eigenvectors, normal forms, vector spaces, and
applications.

MAT 695 Selected Topics in Mathematics for the Secondary School Teacher

This course includes specific topics relevant to the secondary school
teacher of mathematics. In particular, Number Theory is the focus of
this course. Discussion centers on divisibility, prime numbers,
unique factorization, quadratic reciprocity, sums of squares, and
arithmetic functions.

CSC 520 Fundamentals of C =titer Programming.

A first course in computer programming for graduate students with a
sophisticated mathematical background. An algorithmic computer
programming language such as Turbo PASCAL will be taught assuming no
prior knowledge, and used to program computational solutions of
ma iematical problems.

,7)



5

PROGRAM RESULTS

APPENDIX A of this report gives the student performance record of each of the
participants in the program. A concluding statement indicates the reason for

noncompletion of the program where appropriate. Below is a table of the grade

distribution for each course:

A B C D F P WD TOTAL

MAT 100 0 0 0 0 0 33 1 34

MAT 510 14 8 4 3 4 0 0 33

MAT 512 10 5 8 2 0 0 5 30

MAT 514 10 4 . 7 2 1 0 1 25

MAT 516 11 11 2 0 0 0 0 24

MAT 695 10 8- 4 0 2 0 0 24

MAT 530 13 6 2 1 0 0 0 22

MAT 560 3 9 3 4 0 0 0 19

CSC 520 8 3 4 3 0 0 1 19

As a result of the program we assume at least 22 of the participants will
receive certification in mathematics. Obviously the nineteen who finished the

program either have or will see& certification. The three students who
completed the program after Summer 1986 (six courses) all brought 12 credits to
the -grogram and either are certified or are seeking certification. In addition

we know of at least one other that dropped out before the Summer of 1986 who
has continued taking mathematics courses on her own which will eventually lead
to certification. Of the three who are already certified, two of them are
currently teaching mathematics for the first time. Several others have
indicated that mat:ematics positions are available to them once they receive
their certification. A follow up of each of the participants will be taken in

the fall of the year.

Summary and Lonclusivm

In general, we sere very pleased with the efforts of the participants. They

were totally committed fc eighteen months at great personal sacrifice. These

individuals gave up two summers, one academic year, and one additional
semester, as they traveled to Trenton State College twice a week to meet from
5:00-9:30 p.m. at the same time they were teaching full schedules during the
day. The other nights and weekends they worked outside of class on their
assignments. It was obviously a hardship for some, but they lanaged with
strong family support in some cases and almost no family support in others.
Only the most dedicated individual could survive such a gruelling schedule.

26j
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In order to receive feedback from the participants we continually requested and
received faculty, course, and program evaluations from the participants. A

sampling of the program evaluations is given in APPENDIX B. As you hill note

the feedback was mostly positive and reflected the efforts of those involved in
the project. As a result we were encouraged to apply for a CYCLE II of this
program and will soon apply for a CYCLE III.

It is obvious rrom reading this report that we believe the program has
accomplished its major objective of providing the mathematics training to
prepare the participants for service as mathematics teachers in our state. We

further believe that his has been accomplished while maiLtaining high academic
students and providing high quality courses. Obviously, as with any program,

there were a few who did not achieve as well as others, but we still believe
that they have a sufficient background to be quality teachers of mathematics.

Lastly, in APPENDIX C is a paper delivered by the Project Director at the
Mathe:dtics Retraining Conference in Puerto 2ico in December. It indicates how

the program offered meets NASDTEC Accreditation students.



PROGRAM TO RETRAIN TEACHERS IN MATHEMATICS
CYCLE I

PROJECT # 86-992005-1800
AMOUNT $30,000 - DHE

3,500 - LIU

Project Expenditures

I Personnel

Adjusted
Budget Expended

A. Directors's Stipend - DHE 1500 1500

- LIU 3500 3500

B. Summer 85 Instruction

Instructor 3200 3200

Associate 1600 160'.

C. Fall 85 Instruction

Instructor 2000 2101

Q1 Associate 1000 1050

Instructor 2000 2100

Q2 Associate 1000 1050

D. Spring 86 Instruction

Instructor 2000 2100

Q3 Associate 1000 625

Instructor 2000 2100

Q4 Associate 1000 1050

E. Summer 86 Instruction

Instructor 2000 2000

Associate 1000 1000

F. Fall 86 Instructim

Instructor 2000 2100

Q1 Associate 1000 625

Instruct 2000 2100

Q2 Associate 1000 625

SUBTOTAL "HE 27300 26923.

LIU 3500 3500

II Non-personnel

A. Supplies & Cert. Ceremony 2700 2700

TOTAL DHE 30,000 30,000

LIU 3,)00 3,500



WESTERN OREGON STATE COLLEGE
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1 HA-MASTER DISSEMINATION SITES

Long Island University
Dr. Madeleine 1. Long
One University Plaza
Brooklyn, N.Y. 11201

Beaver College
Dr. A. Richard Polls
Easton and Church Roads
Glenside, PA 10938

University of Miami
Dr. Gilbert J. Cuevas
P.O. Box 248605
Miami, FA 33124

Arizona State University
Dr. Lehi T. Smith
Department of Mathematics
Tempe, AZ 85287

Texas Woman's University
Dr. Rose Marie Smith
P.O. Box 22865 TWU Station
Denton, TX 76204

University of Northern Colorado
Dr. Paul Lightsey
Department of Physics
Greeley, CO 80639

Western Oregon State College
Dr. Robert Main
345 Monmouth Avenue N.
Monmouth, OR 97361

Trenton State Co Ileim
Dr. Michael lannone
fill Iwood Lakes CN 550
Trenton, NJ 08625

I

WESTERN OREGON STATE COLLEGE

Summer 1985

MATHEMATICS

CERTIFICATION

INSTITUTE

1 June 24-August1

A Model Program to Retrain Teachers
to Teach Mathematics

THA-MASTER

F .ded by

The Fund for the Improvement of
Post-Secondary Education

(FIPSE)

Developed by Long I' land University

amyl.
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PURPOSE - to train skilled and experienced
teachers who are certified in other disciplines
to hell fill the gap created by the expanding
demand for mathematics instruction

PROGRAM HIGHLIGHTS

Graduate courses

Unique course schedule

Regional video presentation of course
content.

23 credit hours in the FIPSE program lead-
ing to math certification plus 6 credit hours
meeting state certification requirements.
These requirements are met by taki: Mth
444, 447 and 490 (or 491-3) plus 2 methods
courses. (Note: The calculus couise pre-
suines sufficient algebraic and trigono-
metric background)

Opportunity to utilize the course work in a
Master of Science program

STAFF

Project Director: Dr. Robert Main

Dr. Beryl Green

Dr. James Barnard

Other Staff members to be announced.

TUITION FOR SUMMER

Undergraduate
Graduate

3 credits
$139
$214

6 credits
$244
$394

2f-

ADMISSION AND REQUIREMENTS

* Contact the Admissions Office for general
admission requirements and to receive ap-
plication forms. (503) 838-1220, ext. 211.

* Contact Dr. Robert Main, Program Director,
for a list of program requirements,ext. 443.

* Contact Graduate Office, for a list of Pro-
cedures for Graduate study, ext. 492.

SUMMER 1985 SCHEDULE

Mth 407G Mathematics for Middle School
Mth 407G Problem Solving for Teachers
Mth 407G Survey of Math (FIPSE)
Mth 444G Refresher Math-Geometry (FIPSE)
Mth 445G Advanced Concepts of Geometry

for Teachers
Mth 447G Selected Topics - Algebra
Mth 448G Advanced Concepts of Algebra for

Teachers
Mth 490G Concepts of Calculus for Teachers

ACADEMIC YEAR 1985/86 SCHEDULE

Applied Cal, ilus I (FIPSE)
Applied Calculus II (FIPSE1
Applied Calculus III (FIPSE)

All of the mathematics courses listed are 3
quarter hours of college credit except Mth
407G Survey of Math which is 4 hours.

(The courses listed in the 1985/86 academic
year schedule will be available throughout the
region through Western's Instant Replay
program.)
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FINAL REPORT FIPSE SUPPORTED MATHEMATICS

CERTIFICATION INSTITUTION

Mathematics Certification Institute-THA-Master Program
Western Oregon State College
Monmouth, Oregon 97361

Project Director: Robert Main, Ph.D.

214.:,



FINAL REPORT FIPSE SUPPORTED MATHEMATICS

CERTIFICATION INSTITUTION

PROJECT SUMMARY

The THA-Master Program became part of the ongoing Mathematics Certifi-
cation Institute at Western Oregon Ste College during the summer of 1935.
We have served 59 studen+s in the last two years. The TIIA- Master courses
were utilized as part of the Oregon Certification requirements for Basic
Mathematicr Certification and to enhance our academic offerings.

A particular dimension of the program which is of special interest is
the utilization of video -tapes to teach calculus to students located in
rural areas. Western Oregon's Division of Continuing Education has a pro-
gram called "Instant Replay". This program is actually a logistical-
delivery system for presentation of video-taped classes from the campus
to various sites throughout the state. We utilized the Instant Replay
system and the ITV Calculus course, developed by the Maryland Department
of Education, to instruct our students at two regional sites. At these
centers tutors were hired to meet with the students on a weekly basis and
to provide the tutorial support needed. The tapes were also used during the
past summer on campus for instruction in calculus.

Mathematics Certif cion Institute-THA-Master Program
Western Oregon State College
Monmouth, Oregon 97361

Project Director: Robert Main, Ph.D.
Phone: SOJ 636-1221 .:xt 443
Hcle Phone: 503 3:).-2633

2I^J



BACKGROUND AND OVERVIEW

The Mathematics Certification Institute was started in response .0 the
demand by teachers from other disciplines to gain certification in Mathe-
matics. This demand was caused by: 1) an increase in the mathematics high
school graduation requirements and a greater emphasis upon mathematics
in Oregon, 2) a tightening of the certification requirements in the state
and 3) restricted budgets in many districts forcing teachers in low demand
areas or newly hired teachers to try and strengthen their credentials.

Initially the offerings were bare-bones but the program grew until in
1984 we were able to offer a minimal set of courses meeting the Ba:ic
Mathematics Certification requirements. The FIPS grant -TILA- Master Prograr
allowed us to enhance the course offerings and take our students further
academically. We were also able to initiate a video-taped calculus course
which we offered at regional sites. This course will be aiscussed in detaillater.

The funding of the Institute was primarily through the tuition of the
participants with roughly 20-30% coming fror. FIPSE. The FIPSE funds
primarily supported the video-taped calculu7 program including the regional
tutors.

PROJECT RESULTS

During Zhe last two years, 59 teachers, certified in other disciplines,
have participated in the FIPSE supported THA-Master Program as part of the
Mathematics Certification Institute and Instant Replay program at Western
Oregon State Coll-le. Of these, 29 have attained Basic Mathematics Certifi-
cation, and 3 have attained Advanced Mathematics Certification. There are
27 students who have either completed the requirements for Basic Mathematics
Certification or are close to completion but for one reason or another
have chosen not to request certification. (The requirements for certifica-
tion at this level will changr on January 15, 1987. Czlculus will be de-
leted while computer science and theory of arithmetic will be added. Severalof these students are waiting until the changes take place before applying
for certification.) An additional 8-10 undergraduate students have opted to
take one or more of the institute courses. At least one student, after
starting in the THA-Master Program chose to attend school full time during
the academic year in order to attain Advanced Mathematics Certification.
See the Appendix for additional information on the individual students.

As can be seen in the Appendix, many of the participants were previously
teaching under a missassignment. (Missassignments are allowed. under Oregon
law as long as each is less than 1/2 of the teaching assignment and requires
no training in the discipline in which the missassignment occurs. However,
quite often those teaching under a missassqTient will have some trainingin the iiscipline.) One obvious conclusion is that the THA-Master Program
and our Mathematics Certification

Institute in general have had immediate
impact upon the classes taught by these teachers.

The impact of additional training is amplified in rural areas where
the math staff is sme.1 and they must cover a wide range of course offerings.

276



An example, not necessarily typical, is Prineville, Oregon. One of our
participants, Terry Sime, teaches Math in the Prineville High School.
During the last two summers and intervening academic year, he has attained
Advanced Mathematics Certification. During the academic year he took
the video-taped calculus course, and last summer he took two additional
classes beyond those of the Institute. Prineville has 4 mathematics
teachers in the high school and 3 in the middle school. There are 720
students in the school, 'xime of whom live as far as 55 miles away. It
is obvious that the upgrading of one teacher, both in terms of his under-
standing of Cie subject matter and of his enthusiasm, can have tremendous
impact in a rural (cattle ranching) setting. The major impact of the
program is that additional certified teachers have been provided ta the
state of Oregon.

We have established that inservice training can be delivered to teachers
in remote areas through the use of video-tapes. We utilized the ITV
Calculus program produced by the Maryland State Department of Education.
The tape:. were distributed to regional centers of Western Oregon's Division
of Continuing Education Instant Replay network. The Instant Replay system
was devised at Western as a means of providing inservice training to
students located in rural Oregon by video taping on campus courses and
disseminating the tapes to about 50 sites throughout the state. Nine
students participated in the program for 1/2 of the course. (This is
sufficient for the lowest level of certification in mathematics.) Three
students completed the entire calculus course, two of whom have attained
Advanced Mathematics Certification. These students worked at two sites:
Seem and Bend, Oregon; some of them commuted 30-40 miles once or twice
a week for viewing the tapes, picking up copies of the tapes and group
tutorial sessions. The tutorial sessions were crucial to the successful completion
of the course; therefore, the choice of tutors for these sites was of
crucial importance. The test evaluation was done on campus, but the
testing was done at the sites. A second crucial factor was having a small
grow of students at each site to work with the tutors. We tried to have
two students work individually with the aid of a local tutor and the tapes.
This proved to be unsuccessful; neither of the students was able to complete
the work. The small group seemed to aid in the feedback process necessary
for learning as well as for providing a social support system. (For further
details on the video-taped part of our program see "PRESENTATION OF CALCULUS
TO RURAL AREAS THROUGH THE USE OF VIDEO-TAPE" by Dr. Robert Main.)

LIMITATIONS

The certification requirements in Oregon are very prescriptive. For
example, in order for a student to attain the Basic Mathematics Certification,
he or she must have had two math methods classes plus demonstrate competencies
in geometry, algebra, computer science and the theory of arithmetic, with
the exact nature of each course being left to the institution. (Previously,
calculus was included; it has been replaced by the computer and the arith-
metic requirements.) The umber of term hours is to be approximately 21.
The net rezult is that many of the participants in the THA-Master Program
were not interested in completing the program. Their major goal was to
attain certification by takil only those classes which were required. Hence,
Refresher Geometry averaged s students per summer while the total enrollment
in the Calculus classes during both summers and the academic year was about 20.
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Superimposed upon this problem were fiscal problems of the students
and the institution. Oregon has yet to fully recover from the recession,
and jobs were uppermost in most participant's minds. Similarly, the
minimal class size was limited because all of the summer programs in Oregon
receive no state funding. This caused us to drop two of the classes last
summer due to insufficient preregistration figures, but neither of these
classes vere required for certification.

The other side of the certification coin in Oregon is that many
areas require mathematics, so that students coming to us often had the
prerequisite skills and did not need the introductory cuurse. For example,
every elementary teacher must have a minimum of 4 terms of math coursework
prior to certification.

Finally, the Calculus video-taped course needs renovation to bring it
into line with the THA-Master philosophy and the needs of teach training.
The current course ha:' more of ao engineering-physics flavor. Work also
should be done so that it is more independent of the on-site tutor. An
additional workbook and supplementary tapes should be produced to accomplish
this goal.

SPECIAL CONCLUSIONS

Two positive spinoffs that have resulted from the THA-Master program are:

1. We were able to offer courses which, in the past, would not have
been offered due to low enrollment. This was because the FIPSE
funds supported the THA-Master courses, and there was a larger pool
of students who had the necessary prerequisites for the class.

2. We plan to add one or more courses from the THA-Master Program
to our list of permanent graduate offerings, making them available
to all our graduate students. The Introduction to Modern Mathematics
course, in particular, has the potential to uecome an ctellent
class for all our graduate students.

FUTURE DIRECTIONS

1. Western Oregon intends to continue the Mathema. cs Certification
Institute through at least the summer of 1938. We are beginning to
offer intermediate level coursework, which will help the participants
of previous summers bridge the gap between Basic Mathematics Certi-
fication and Advanced Mathematics Certification.

2, We are considering reworking the video-taped calculus course in the
manner described above. Additional tapes and a worq)ook would be
produced. We are also considering offering other courses through
the instant replay format (video-taped), which are required for
certification.

FINAL CONCLUSIONS

The great strength of the THA-Master Program (and it Director, Dr. Long),
is it adaptability to a variety of .;ettings. Oregon with its stringent
certification requirements and rural setting is quite different from Long
Island, New York or Dallas, Texas. Because of the prescriptive certification
requirements, our students came to us better prepared than those at many of
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the other sites. On the other hand to meet these state requirements the
content of several of the THA-Master courses had to be modified. Without
the flexability to modify the program without changing its basic character
and goals we would have not been able to accept the FIPSE grant. Through
the THA-Master Program we have been able to meet a greater variety of re-
training needs.

A second strength of the program should be mentioned; the opportunity
to share ideas and problems with the other site directors. This network
enabled me to share with my colleagues here at Western Oregon the solutions
and potential pitfalls found at other institutions, thus facilitating
the development of our own program.

,c

2'



FINAL REPORT FIPSE SUPPORTED MATHEMATICS
CERTIFICATION INSTITUTION

GENERAL CONCLUSIONS

During last two years, 59 teachers, certified in other disciplines, haveparticipated in the FIPSE supported THA -Mae : program as part of theMathematics Certification Institute an' Instant Rep] grogram at Western OregonState College. Of these, 29 have attained Basic Mathematics Certification, 3 haveattained Advanced Mathematics Certification. There are 27 students who haveeither completed the requirements for Basic Mathematics Certification or are close tocompletion but for one reason or another have chosen not to request certification.(The requirements for certification at this level will change on Jan 15, 1987.Calculus will be deleted while computer science and theory of arithmetic will beadded. Several of these students are waiting until the changes take place beforeapplying for certification.) An additional 8-10 undergraduate students have opted totake one or more of the institute courses. At lean one student, after starting in theTHA-Master program chose to attend school fu 1 time during the academic year inorder to attain Advanced Mathematics Certification. See the Appendix foradditional information on the individual students.

As can be seen in the Appendix, many of the participants were previously:eaching under a misassignment. (Misassignments are allowed under Oregon lawas long as each is less than 1/2 the teaching assignment and .rmcLuLeLtamiuz_iin irithe discipline in which the tnisassi_gnment occurs. However, quite often thoseteaching under a missassignment will have some training in the discipline.) Oneobvious conclusion is that the THA-Master program and our MathematicsCertification Institute in general have had immediate impact upon the classes taughtby these teachers.

The impact of additional training is amplified in rural areas where the math staffis small and they must cover a wide range of course offerings. An example, notnecessarily typical, is Prineville Oregon. One of our participitants, Terry Sime,teaches Math in the Prineville High School. During the lust two summers andintervening academic year he has attained Advanced Mathematics Certification.During the academic year he took the video-taped calculus course, and last s :rimerhe took two additional classes beyond those of the Institute. Prinv;ille has 4Mathematics teachers in the High school and 3 in the Middle School. There are720 students in the school, some of whom live as far as 55 miles away. It isobvious that the upgiuding of one teacher, both in terms of his understanding of thesubject matter and of his enthusiasm, can have tremendous impact in a rural (cattleranching) setting. The major impact of the ;rog,ram is thatadditional certifiedteachers have been provided to the state of Oregon

We have established that inservice training can be delivered to teachers in remoteareas through the use of video-tapes. We utilized the ITV Calculus programproduced by the Maryland State Department of Education. The tapes weredistributed to regional centers of Western Oregon's Division of ContinuingEducation Instant Replay network. The Instant Replay system was ievised atWestern as a means of providing inservice training to students located in ruralOregon by video taping on campus courses and disseminating the tapes to about 50sites throughout the state. Nine students participated in the program for 1/2 of thecourse. (This is sufficient for the lowest level of certification in niathematics.) Threestudents completed the entire calculus course, two of whom have attained Advanced

2 I:.



Mathematics Certification. These, students w ..ed at two sites: Salem and Bend,
Oregon; some of them commuted 30-40 miles once or twice a week for viewing thetapes, picld- up copies of the tapes and group tutorial sessions. The tutorial
sessions were crucial tr) the sucessful completion of the course, therefore, the choiceof tutors for these sites was of crutial importance. The test evaluation was done on
campus, but the testing was done at the sites. A second crucial factor was having as.nall group of students at each site to work with the tutors. We tried to have two
students work individually with the aid of a local tutor and the tapes. This proved
to oe unsuccessful; rtither of the students was able to complete the work. The
small group seemed to aid in the feedback process necessary for learning as well asfor providing a social support system.

Two positive spinoffs that have resulted from the THA-Master program are:
i. We were able to offer courses which, in the past, would not have been

offered due to low enrollment. This was because the FIPSE funds supported
the THA-Master courses, and there was a larger pool of students who had the
necessary prerequisites for the class.

2. We plan to add one or more courses from the THA-Master program toour li, t of permanant graduate offerings, making them available to all our
graduate students. The II itroduction to Modem Mathematics course, in particular,
has the potential to become an -xcellent class for au our graduate students.

LIMITATIONS

The certification reqr ;tements in Oregon are very precriptive. Ft); example, in
order for a student to attain the Basic Mathematics Certificatio:, he/she must havehad two math n -:thods classes plus demonstrate compentencies iii geometry,
algebra, computer science and the theory of arithmetic, with the exact nature of eachcourse being left to the institution. (Previous1,, calculus was ; acluded; it has oeenreplaced by the ec puter and the arithmetic requirements.) .he number of thours is to be approximately 21. The .;et result is that many of par' Ipitants inthe THA-Master program were not interested in completing the program. Theirmajor goal was to attain certi:ication by taking only thcse classes which were
required. Hence, Refresher Geometry averaged 30 students per summer while die
total_ enrollment in the Calculus classes during both summers and the academic yearwas about 20.

Superimp upon this problem wt re fiscal problems of the students and theinstitution. Oregon has yet to fully recover fron the recession, znd jobs w ,re
uppermost in most participitants' minds. Similarly, the tnimimai class size waslimited because all ofthe summer programs in Oregon receive no state funding.This caused us to drop two of the classes last summer due to insufficient
preregistration 4igures, but neither of these classes was -equ'red fc: certification.

The other side of the cznicication coin la Oregon is that many areas require
mathematics, so that stuct-nts coming to us often had the prerequisite skills and did
not need the introductory course. For example, every elementary teacher must
have a minimum of 4 terms of math. course work prior to certification.

Finally, the Calculus Video-,aped course needs renovanon tc bring it into lire
with the THA-Master philosophy and the needs of teacher training. The cum,course has more of an engineerins-phyfics flavor. Work also snould be done sothat it is more independent of the on-site tutor. An additional workbook and,pp: ...ntary tapes should be produced to accomplish this goal.



FUTURE DIRECTIONS

1. We...ern Oregon intends to continue the Mathematics Certification Institutethrough at least the summer of 1988. We are beginning to offer intermediat:, levelcourse work, whi -h will help the participants of previous summers bridge the gap
between Basic Matnematics Certification and Advanced Mathematics Certification.

2. We are considering reworking the video-taped calculus course in themanner described above. Additional tapes and a workuook would be produced.
We are also considering offering other courses through the inst.-tilt replay format
(video-taped), which are required for certification.

VC.


