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'introduction
In recent years there has been much concern expressed about under-

represented groups in mathematics education. These groups are con4x)sed
of students who do not take advanced mathematics courses or fail to enter
mathematics related vocations and careers in proportions to their popula-
tion. The groups include girls, blacks, language minority students and
native Americans. The National Council of leachers of Mathematics in its
Agenda for Action: Recommendations fo: School Mathematics in the 1980's
addresses the need to assist underrepresented groupq:

All roasonablo means should be employed to assure that
everyone will have the foundation of mathematics learning es-
sential to fulfilling his or her potential as a productive
citizen. The currently underrepresented groups should be es-
pecially encouraged and helped (p. 18).

Programs that will encourage a larger percentage of

females and minority students to study more mathematics should
be designed and supported (pp. 22-23).

As part of a commitment to these students, the Council developed a
proposal for a set of conferences that would focus on helping elementary
and secondary school educators to meet the needs of underrepresented
groups. The grant proposal was funded by the National Science Boundation
in 1981 in order to:

1. analyze information about the status of underrepresented groups in
mathematics education;

2. develop awareness of common needs within and across groups and speci-
fic needs for specific groups.

3. present examples of successful intervention programs and instruction-
al strategies;

4. outline steps necessary to provide increased participation and
achievement in mathematics courses, vocations and careers;

5. develop plans for a continuing network among participants, the Coun-
cil, and other interested ,persons or groups, to heighten awareness,
share information, develop strategies and maintain support for tea-
chers.

Tb accomplish these objectives a set of five conferences were organ-
ized. The tirst one, identified as the "Gore Gionference," was designed
to bring together in February of 1982 at Heston, Virginia, a small group



of recognized leaders fron around the mintry to gather information,

share ideas, develop n iletWOrk and thlIS CO Set d roet 1 orwl for the second

stage a series of "Regional Conferences." These eon feronces Wert held

in:

-- Orlando, Florida, October 22-23, 1982;

Albuquenque, New Mexico, November 19-20, 1982

-- Baltimore, Maryland, January 28-29, 1983

-- Minneapolis, Minnesota, February 18-19, 1983.

The meetings were attended by supervisors, administrators, teachers,

counselors, and teacher-educators from the local, state and regional le-

vels. The materials and ideas which resulted from the 'Core Conference'
were presented at each of the 'Regional Conferences.'

THE HANDBOOK

As a result of the Regional Conferences, the materials included in

this manual have been revised and refined. The materials include sugges-

tions for:

-- conducting mathematics equity surveys;

-- designing and organizing equity conferences and other
service activities;

-- developing networking strategies;

-- developing curriculum and instructional strategies

with equity issues in mathematics;

teacher in-

which deal

In addition, a resource list of mathematics equity materials
in the appendix, together with the 'state-of-the-art' papers
represented groups in mathematics which were presented at the

ference.

is included
on under-
Core con-

It is hoped that the materials contained in this handbook will as-
sist supervisors, teacher trainers, administrators and teachers to design

and conduct mathematics equity activities. The suggestions given are not

to be construed as a set of prescriptions aimed at stifling creativity;
the suggestions presented are based on the experiences and the results of
the Regional Equity Conferences.
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GEQUITY GACTIVITIES:
Content and worm

In planning an equity activity, whether it is a half-day lnsorvice
or twor-day conference, one aust be certain that the participants under-
stand that there really is a problem and that there are strategies for
addressing the problem. The definition of the problem actually involves
two parts. One is the general problem of underrepresentation in mathema-
tical study of specific groups. The second is the existence of the pro-
blem in the school system or school of the participant. Similarly, the
strategies used to solve the problem address two different audiences.
The first audience is students who are members of underrepresented
groups. The second audience is composed of adults educators, parents
and the community--whose help is needed in solving the problem. In de-
signing your equity activities, it is necessary that all aspects of par-
ticipants' needs addressed.

I. The Problem of Underrepresentation.

A. The General Problem

Considerable research exists on the problem of underrepresentation
of the target groups in mathematical study. Participants in equity ac-
tivities need to be aware of the existence of this research base and the
limitations of the research. To provide background material to facili-
tate the presentation of this research base of the problem, five State of
the Art papers were prepared; one addressing each of the underrepresented
groups. These papers are included in Appendix A. In addition, The Re-
source List in Appendix B contains many references of materials that ad-
dress that statement of the problems.

B. The Specific Problems of the Audience

Though some individuals are willing to exert considerable effort to
solve problems of society at large, it is more likely that people will
make a concerted effort to change the circumstances that directly affect
themselves. It is, therefore, desirable to have the participants in an
equity activity own the problem of underrepresentation of specific
groups. It is essential that they not take on the blame for causing the
problem but is is necessary for them to acknowledge that there is a pro-

blem and that they can be part of the solution.

There are two approaches to helping participants own the problem.

One is to present them with local data documenting the existence of un-
derrepresentation by the target groups. If there is little time, then
this approach should be used.

A better way to have individuals own the problem is to have them
collect data. The data need not involve large samples. . The purpose of
the collection of the data is to attach the problem to real people their
students.

Section V of this handbook contains sample surveys used to collect
data for the NCTM Equity Conferences. If time permits, participants

3
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51)011 111 he Itt;It( to col loct. data prior to the conference'. During the con-
ference, tltno Oulu Itl ho alloteci for the sharing, of the data collected,

defining, the problem 1 lustrated by tilt data, and designing and planning
of interventions that address the' pn)hlems defined. In this way, Ixtrt

cipants will own the problem, clearly define it and leave the 4110 ty con-
erence with plans for addressing the problenti.

Solutions to the' Problem of Undomp!sentation

Solving the problem of underrepresentation of spec! tic ,Iy(ups In

unthcatttical study taquires attention to two groupsstudents and their

significant others. Interventions aimed only at students have little
chance of success if those adults who are important in their lives -

- parents, teachers, and counselorsdo not support the students in their

efforts. Programs aimed at only these significant others need to be !slur-
ported by programs that involve students.

Section III of this handbook contains descriptions of intervention
program-3 that have been successful in encouraging increased participation
of members of the target groups in mathematical study. These descrip-
tions are suppleaented by the materials listed on the Resource List in
Appendix B. Those items marked with an * are appropriate for use with
students. Most of the naterials listed address the problem of the under-
representation of females. It will be necessary to modify some of these
materials to include the other target groups. It is suggested that as
many of these materials as possible be gathered and displayed at the con-

ference. Time for participants to review these materials is then includ-
ed in the agenda.

Section IV of the handbook includes outlines and handouts for the

strategy development sessions conducted at the NCTM Equity Conferences.
These sessions are designed to give participants specific methods and

techniques for attacking the problem of underrepresentation. They pro-
vide participants with specific strategies that can be used locally to

involve others in addressing this problem.

III. Sample Agenda

Following are sample agendas for equity activities. The particular
agenda you select is dependent on the time available, the number of work-
shop leaders present, and the facilities at the conference site. How
your conf iF is packaged is less important than how you involve the
participa.. p he conferences.

4



TWI-DAY CONFERENCE AGENT)._

Day 1

8:30 a.m. -- 9:00 a.m. Registration
9:00 a.m. -- 9:45 a.m. Opening/Greetings, Overview of Conference
9:45 a.m. -- 11:00 a.m. Review: State of'Art Papers -- Blacks, Girls,

LanguageMinorities, Native Americans
11:00 a.m. -- 11:15 a.m. Coffee Break
11:15 a.m. -- 12:30 p.m. Discussion of: Successful Intervention Program
12:30 p.m. -- 1:45 p.m. Lunch
1:45 p.m. -- 3:45 p.m.. Sessions: Strategy Development

1:45 p.m. -- 2:30 p.m. 1. Planning Equity Intervention Programs
2. Developing Awareness of Equity Issues
3. Planning Career Cteferences
4. Reviewing, Available Equity Materials

2:30 p.m. -- 3:15 p.m. 1. Conducting Equity Workshops
2. Strategies for Improving Instruction and

Achievement
3. Identifying and Utilizing Community

Resources
4. Reviewing Available Equity Materials

3:15 p.m. -- 4:00 p.m. Sharing Equity Survey Results
4:00 p.m. -- 4:15 p.m. Wrap-up -- Day 1
5:00 p.m. -- 6:00 p.m. Social Hours
7:30 p.m. 9:00 p.m. Optional

Reviewing Equity Materials
Worksession

Day 2

8:30 a.m. 8:45 a.m. Opening
8:45 a.m. 9:30 a.m. Sessions: Strategy Development

1. Evaluation of Instructional Materials
/or Equity

2. Networking
3. Influencing Professional Organizations
4. Repeat of a Day 1 Session

9:30 a.m. -- 9:45 noon Break
9:45 a.m. -- 10:45 a.m. Using Equity Survey Results
10:45 a.m. -- 12:00 noon Planning Follow-up Staff Development Activities
12:00 noon 1:15 p.m. Lunch
1:15 p.m. -- 2:00 p.m. Sessions: Strategy Develmment, Repeats based

on Participant Requests
2:00 p.m. -- 2:45 p.m. General Session
2:45 p.m. -- 4:00 p.m. Worksession: Follow-up Staff Development

Activities based on Survey
Results



ONE DAY CONFERENCE AGENDA

8:30 a.m. -- 9:00 a.m.
9:00 a.m. 10:30 a.m.

10:30 a.m. 11:00 a.m.
11:00 a.m. 12:00 noon

12:00 noon 1:30 p.m.
1:30 p.m. -- 3:30 p.m.

3:30 p.m. 4:00 p.m.
4:00 p.m. 4:20 p.m.

4:20 p.m. 5:00 p.m.

5:00 p.m. -- 5:30 p.m.

5:30 p.m. 5:40 p.m.
5:40 p.m. 6:20 p.m,

6:30 p.m. 7:15 p.m.
7:15 p.m. 7:30 p.m.

Registration
Overview of current research: Implication for

Action
Break and time to look at the materials
Discussion of local situation and suggested
interventions
Lunch and material review
Discussion and demonstration of specific
intervention stragies (e.g 'Multiply Options,

Subtracting Bias" tapes)

HALF DAY CONFERENCE AGENDA

Registration and Coffee
Welcome and Opening Remarks
Rationale for this Conference
Statement of the Local Situation
Current Research: Implications for Action

A look at how key factors and people impact on
student choices regarding mathematics.
Suggestions for action.
Strategies for Change.
Outlines of model programs, materials and
resources that positively effect student
attitudes about mathematical study.
Break
Designing intervention strategies
Dinner
CloSing Remarks

6
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Successful qntervention Programs
There are many intervention programs which have been successful in

increasing the participation of underrepresented groups in mathematical
study. At each regional conferences several of these successful programs
were described.

The following are representative examples of intervention programs

which illustrate different approaches to promote equity in mathematics
education.

multiplying Options & Subtracting Bias

One successful program that is readily available for use in equity

activities is Multiplying Options Subtracting Bias.

The videotape and workshop intervention program is designed to elim-

inate sexism in mathematical study and in mathematics-related careers.
The tapes and workshops were developed at the University of Wisconsin -

Madison under the direction of Dr. Elizabeth Fennema.

Four 30minute, full color videotapes, narrated by Marlo Thomas,

each for a specific junior/senior high school audience, uses a variety of
formats-candid interviews, dramatic vignettes, and expert testimony to
address the problem- of mathematics avoidance and suggest some possible
Solutions. A 192 page facilitator's guide provides an overview of the
workshops, detailed instructions on now tne facilitator can prepare for
conducting the workshops, and four separate step-by-step sets of workshop
instructions for each of the target audiences.

Each of the tapes and workshops addresses a different audience. The

intended audiences are:

A. Teachers
B. Students
C. (bunselors
D. Parents

These tapes are an excellent example of materials developed for one

target group -- girls - -which are appropriate for use with the other under-
represented groups. It is recommended that ancillary materials, such as
the statistics dealing with the underrepresentation of your target group
in the fields discussed in the tapes, be made available for use with the

tapes.

The tapes are available for purchase from the National chouncil of

Teachers of mathematics and for essential from Women and Mathematics
Education. (See he ListAppendix A)



7141-atli `Bridge Program
Don Birmingham

Minneapolis, Minnesota
THE PROGRAM:

The MATH BRIDGE Program is for Black, American Indian and Chicano
eighth grade students who have an interest in and aptitude for math. The
eighth grade year is crucial because this is the last chance for the
student to make the decision to take four years of high school math.

Students are identified, in January, for the program by their own math
teacher, Last year, 177 students from 15 junior high and middle schools
participated in the program.

The students are invited to attend, with their parents' knowledge
and consent, four Saturday sessions at the University of Minnesota that
emphasize college preparatory courses. Although the main emphasis is on
math, the importance of physics, chemistry and four years of high school
English is also heavily emphasized. Prior to the program, which was held
in March last year, the selected students were visited at their schools
by the Director and minority students enrolled in the Institute of Tech-
nology to inform the students about the program and encourage them to

attend.

The students participate in computer math activities designed by
junior high, senior high and University of Minnesota faculty. They also
attend mini-seminars conducted by people from industry and University of
Minnesota engineering faculty that are career related.

An awards banquet held in April recognized the achievements of those
students who attended all of the Saturdays with a certificate and a cal-
culator. One hundred sixteen students, from the 1982 program, partici-
pated in all four Saturday sessions. Students, their parents, princi-
pals, math teachers, university and community representatives attended
the banquet.

We believe that this brief exposure to college preparatory courses
will be a decisive factor in influencing a studentto take them. We also
regard this program as an identification mechanism. It introduces us to

a large number of talented minority students early in their academic
careers.

Since the MATH BRIDGE Program was implemented in 1976-1977, there
have been 840 participants. The one hundred seventeen students who par-
ticipated in the first program,. were scheduled to graduate from high
school in June of 1981. We were able to gather information on 63 of the
117 who returned questionnaires which asked for verification of gradua-
tion from high school and post-secondary educational plans. Twenty-one
(eighteen percent) of the total number entered a four year engineering,
computer science or science program directly from high school. Eight of
the twenty-one applied and were accepted into the Institute of Technology
at the University of Minnesota in the fall of 1981 and are presently in
their second year.

8
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Follow-up data on the 1982 graduates who participated in the 1977-
1978 MATH BRIDGE Program has yet to be compiled. Follow-up is being done
on the 18 students who enrolled in technical programs (not at the Univer-
sity of Minnesota) to determine how many completed their first year pro-
gram.

FOLLOW-UP PROGRAM:

, An intensive 9 through 12 grade program follows MATH BRIDGE. The
program accomodates approximately 80 students who attend 20 Saturday ses-
sions at the University of Minnesota. Fifteen of the sessions are curri-
culum based and emphasize math, English, computer ,programming and
science. These classes are not designed to repeat what the students are
getting in school daily but to provide supplemental work in the above
areas. These students are given homework and tests, and are assigned
letter grades in each course. The other five Saturdays are used for
seminars in the following areas: current ecdRomdc conditions, self-
assertiveness, making a career choice, cultural awareness, and study

skills. The seminars are conducted by university faculty, people from
industry and other trained personnel. There is also a six we summer
session which meets Monday through Thursday. The students attend classes
that are directed .toward the same areas that they work on during the
Saturday sessions. During the summer the students have the opportunity
to visit industry sites to obtain information about careers. Throughout
the year, the students receive assistance in setting up their class
schedule prior to the start of each trimester or semester. (Following is
the curriculum outline for the 9 through 12 grade program).

For more information on the Institute of Technology Minority Affairs
Program at the University of Minnesota, call Don Birmingham (612-

373- 2673).

9



i. ACADT ITC

High School
Curriculum
Mathematics:
two tracks
A. 3enera I

Mathematics

U. Elementary
Algebra

9th Grade

U Advance School Year
Saturday Seminars

General supplementary
help as needed

U Advance Summer School

A. Intro to Algehra

U. General supplementary
work

I. ACAD,MIC

High School
Cu rricu Ian
Mathematics:
one track
A. Elementary

Algebra

U. Gearetry

10th Grade

U Advance School Year 11 Advance Sumner School
Saturday Seminars

A. Review of Algebra
General supplementary
help as needed B. Creouter Math

Engllsh ,

General language
and literature

General suppiesentse
help as necessary

Basic grammar. sentences.
paragraphs, short
Vetches. creative
writing

English

General language
and literature

General upplementary
help as necessary

Short essays, grammar
review
vocatulary development

Social Studies

Civics None Hone

Social Studies

world Studies

international es:coo-
:dos and technology

Some

Science

Physical Science acne Hone

[I. Personal

JETS, CJA

Interpersonal Skills
large and wall group
social activities are
campus (dance, bowl-
ing), Interpersonal
relation-ships
(video), conflict re-
solutions/parental/
ifISMIY, our:unto:-
[Ion skills, public
speaking (video).
time management.
stress manager.et

11th Gnulf

Science: two
tracks

A. Science I, 2
3

U. Biology

General supplementary
help as necessary TBA

II. Personal

JETS, JA

12th Grads

Personal Roles
col.M11 for part-time

Jobs, creative job
searching. lmageMresa
rock Interviews, Its
to Interview (vIc.val.
applying for soci.i
security cards, main-
taining self-lsage/
Identity, pressure to
play different roles.
pressure to castors.,
campus tours, taking
risks/being brave

I. ACADEMIC I

U Advance School Year

I. ACADEMIC

High School U Advance School Year University of MinnesotaHigh School
Curriculum Saturday Semirars Nrriculum -Saturday Ssainars Swear School

Mathematics:
A. Computer Math

B. Computer Math

C. PSAT Preparation

Mathsaat ca:
A. TrIgonowetrf

B. General Supplement

C. SAT Preparation

Pre-calculus

Math Placement Test
two trucks
A. Gooretry

B. Algebra/
Trigonometry

tapa s
A. Advanced

Algebra

B. Calculus

M1211

American
Literature

'Minority writers.
critical eesays: oral
presentations ..

PSAT Preparation

English
CritIcal reading.
espy ems, research
papers, group disonr
*Ion techniques, use
of word processor

General review of care
position and grarmatIcal,
PrinciplesPre-col legs

focus

Social Studies Science, Tech:1010a
and Society: Business.
Gosernment & Society

Social Studies

Applied Economics Hone
U.S. History Economics

Science Science A. Pre-College Cheer
Istry
Pre-College Biology

B. Pre-College Physics

None
A. Biology

B. Physics

A. Chemistry

B. Cheadstry

II. Personal

JETS, JA

Looking at Careers I. Personal

JETS, JA

Looking at Collva
career opportunities
Informational guest
speakers spend a day
"at work," role models
gender /set roles.
guest speakers (col-
lege studentswhat
college Is like). Pow"

I tibia Jobs. passible
' majors

college terminology
"wok thee' registry-
[Ion process, prepar-
It* for adaisslon,
getting IMI toting.
etc. applying for
college, applying for
financial aid, housing
budgets, University
student organizations
sponsored social
activities athletic
and cultural events
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`Futures Cayfereirees
Arlene S. Chasek

New Brunswick, New Jersey

Inspired by the success of the "Expanding Your Horizons" in science
and mathematics conferences from Mills College in Oakland, California, a
grant proposal was wiitten and submitted to the State of New Jersey,
Division of Vocational Education and Career Preparation, Office for Equal
Access to fund six math-based career conferences in New Jersey in 1981-82
and again in 1982-83 entitled Futures Unlimited: Expanding Vocational
Choices,

The Future Unlimited project is a day-long conference at a college
for five hundred 7-12 grade female students, their teachers, counselors
and other educational and industrial personnel. These conferences are
designed to provide role models in skilled trades, technologies,'business
and industry who encourage students to choose careers based on personal
interest rather than sex stereotypes; and to provide hands-on workshops
in a variety of math, science, technology and computer laboratories. The
conference:sites included two year, four year, state and private institu-
tions.

Counselor/teacher/parent workshops are included in the design of the
conference to point out linkages among school, community, labor and busi-
ness and to explore specific strategies in dealing with the math
anxiety/math avoidance syndrome in females and to encourage students to
select careers according to interest and skills, not gender.

The Futures Unlimited conferences were highly successful on many
levels. Interest was so great that thousands of students from school
district throughout the state had their applications returned due to
limited space. Outcomes for host colleges were: to showcase the college
--especially technologicarriliEF/science facilities and faculty; bring
350700 prospective students to spend a full day on campus; bring 100-200
educators, counselors and parents to campus to dialogue with college per-
sonnel. Outcomes for indusla included: the' opportunity to increase
the pool of qualified candidates for future job openings; the visibility
of their commitment to mplcy qualified females in business and high
technology positions; and the dissemination of job requirements to educa-
tors and students. Outcomes for students were: to see the economic
necessity for increased course taking of elective math and science, and
math-related courses; to see the facilities and atmosphere available at
the host college; and to see a wide range of economically rewarding non-
traditional careers in high-growth technologies, business and the profes-
sions. Outcomes for educators included: an examination of math avoi-
dance in girls, and training in how to implement field-testing strategies
to overcome this problem; and understanding of math prerequisites for
college majors, training programs and new technological demands of the
labor force; and to develop linkages with New Jersey industry and labor
supportive to women in nontraditional jobs.



Some of the "hands-on" workshops included accounting, agricultural
economics, architecture, aviation, cartography, ceramic engineering, com-
puter graphics, computer science, food science, geology, landscape archi-
tecture graphics, physics, regional planning, statistics, engineering
technology, chemical, civil, electrical, industrial and mechanical engin-

eering.

The role models included women working in the following: engineer-

ring, actuary science, architecture, chemistry, regional planning, refin-
ery technology, marine biology, telephone line installation, mathematics,
computer science, biomedical engineering, data processing, pharmacology,
accounting, sociology, communications, stock brokerage, medicine, dentis-
try, construction, financial analysis, revenue forecasting, employee re-

lations, investor relations.

The Futures Unlimited conferences were honored as the "outstanding

sex equity project of 1982" by the Northeast Network for Curriculum Co-

ordination, a national organization working with the U.S. Department of

Education regional offices in recognizing exemplary vocational projects.

Note: See Section 1V-Career Conferences for additional suggestions.
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c9 cYI cNa t
Sandra Turner

Evanston, Illinois
Supposition

The supposition of this program was that anxiety about mathematics
leads to avoidance of doing homework, of asking questions, and of taking

optional courses. Avoidance of mathematics leads in turn, to a poor un-
derstanding of the avoided mathematics, resulting in poor performance on
achievement measures. This lack of understanding creates a lack of con-
fidence in one's ability, which increases the anxiety. Although factors
other than anxiety can lead to avoidance and/or low achievement, an in-

tervention program should be more effective if it includes components to
reduce anxiety and increase achievement.

Program

Based on this supposition, an intervention program called AAA Math
was designed and implemented in two large Tampa, Florida high schools.

The intervention consisted of two-hour sessions held after school once a
week for eight weeks during the fall of 1981. The sessions were team -led

in each school by a guidance counselor and a mathematics teacher from

that school. They were open to high school students, both male and fe-
male, studying college preparatory,mathematics (geometry, algebra 2,

trigonometry, or college review mathematics) whose lack of confidence or
anxiety about mathematics had a debilitating effect on their achievement

in mathematics (called at risk students) or led to their avoidance of
mathematics (called mathematics-ayoiders).

The sessions, organized through the Community Education Division,

carried no credit. The 15 to 20 students in each group paid a $2.50 re-
gistration fee. The leaders were paid. Each session consisted of one
hour of group counseling and career information with a second hour devot-
ed to small group tutoring by a mathematics teacher and two students

tutors.

The program was publicized by flyers and announcements in both the

school bulletin and the local newspaper. In addition, counselors visited
every mathematics class in geometry and above to explain the program.
Significant adults in the student's lives were involved through a special
evening session for parents and special faculty meetings for mathematics
teachers and guidance counselors.

Results

Of the thirty-six students who regularly attended the sessions, both
females and blacks were overrepresented in proportion to their percentage
of school population. (The ratio of females to males was 3:1, as was the

ratio of whites to blacks.) The program received very positive evalua-

tion from both students and teachers. The students especially liked the
tutoring, probably because it met an immediate short term need.



cAs8essing efor `Educational 'Equity':
GIVErinesota 641fiall and Matirmatices

Jan Witthuhn
Minneapolis, Minnesota

Patterns of participgtion in high school mathematics courses in

Minneapolis Public Schools have been monitored by sex and by race since
1976. When it became apparent that inequities existed, the Mathematics
Department implemented a program for change. By 1980, the levels of

enrollment for most groups had significantly improved, and the goal of
equity in participation was nearly being realized. The participation of
Indian girls, however, continued to be low.

National data indicates' that American Indians are very poorly

represented in professional fields for which mathematics is, a "critical
filter." Data, both national and local, suggests that school. achievement
levels of Indian children are consistently lower than achievement levels
of other children, and that mathematics is the lowest area of achievement
for Indian children. Hesearch directed at sex equity has demonstrated
that women tend to score lower than men on mathematics achievement tests.
This has been shown to be true for Indians as well as for others. Sex

equity research also suggests that achievement in mathematics is related
to attitudes towards the field. Some have suggested that there are

culturally based values and child rearing practices which tend to place

Indian girls at a special disadvantage in the study of mathematics.
Because of the great need to address the unique needs of Indians girls in
the study of mathematics, the Minneapolis Indian Education Section began
to focus part of its efforts on this area. Support for this project, in
the form of a small one-year grant, was received from the Women

Educational Equity Act (WEEA) Programs.

The objectives of the project were modest. Included were activities

to assess the present level of enrollment and performance of Minnesota
Indian girls in junior and senior high school mathematics courses,

analyze existing data about the attitudes of those girls towards
mathematics, assess the extent to which special programs already existed
to assist Minnesota Indian girls with mathematics, .develop community
involvement and interest in research and programs in this area, and

. finally develo series of recommendations and proposals for both
research and direc ervice projects to improve the success of Minnesota
Indian girls in math atics over a three to five year period.

The 1980 censu indicates tnat there are approximately 35,W0
American Indian people living in Minnesota. This represents about 1% of
the state's population. Indian students make up about 1.5% of the

state's public school enrollment. Minnesota Indians are about evenly
,divided between urban and rural areas. Nearly 45% live in the Twin
Cities metropolitan area alone. , Another 41% live in eight northern

Minnesota counties which include several reservations.

Of the eleven school districts which cooperated in this project,

three were large urban districts, two,were suburban, five were on or near
reservations, and one was an Indian-controllod, non-public secondary
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school. 'lbgether the eleven districts enroll more than 47% of the Indian
public school students in the entire state.

Each cooperating district received at least one visit from the pro-

ject staff.' The piirpnse of the first visit was to fully explain the pro-
ject and to meet with school personnel identified by each district's
superintendent. In every case, the project staff was warmly received.
The project staff found that their concern about how Indian girls were
doing in mathematics was widely shared, although most school districts
had never'examined their own records to determine whether Indians were
underrepresented in classes or whether they were achieving as well as
others. Each cooperating district agreed that such an examination was
possible and would provide valuable information. A timeline for such an
analysis was established with each schOol district. The project staff

also learned about the types of programs available to Indian students in
each district and shared ideas about promising programS.

In several cases, school districts requested assistance in reviewing
records and completing the analysis. Project staff provided that assis-
tance during the second visit. In all cases a commitment was made to

share the results of the districts' analyses with the project staff and
with other school districs. Only one of the original eleven participat-
ing school districts failed to provide the data as promised.

In order to supplement the data provided, an analysis was made of
data on the ethnic composition of the highest level mathematics courses
in each district. That data was taken from the State Department of Edu-
cation's Minnesota Civil Rights Information System (MINCHIS). A three-
way chi square test was used to determine whether the number of students
who fell into each of eight categories formed by the cross-classification
of each of eight categories formed by the cross-classification of race x

sex x advanced math enrollment deviated from that which would be expected
if all groups enrolled in advanced math in proportion to their numbers in
the total school enrollment. The results for the participating school

districts indicated that the proportion of girls and boys attending
school was about the same for Indians and non-Indians. Yet the propor-
tion of males enrolled in advanced mathematics courses was significantly
higher than the proportion of females. Likewise,. the proportion of non-
Indians enrolled in advanced mathematics courses was significantly higher
than the proportion of females. Furthermore, the interaction of race and
sex with advanced mathematics enrollment was significant, with Indian
females, being proportionately the most underrepresneted group in those
classes.

Besides a final report describing the results and detailing the sit-
uation in each cooperating school district, the project staff also pre-
pared, printed, and disseminated an annotated bibliography of books and
articles related to this topic. The staff also identified a number of
Minneapolis Indian women who were employed in jobs for which strong back-
grounds in mathematics and science are necessary. A-poster high-lighting

these women was designed by the project staff and was widely dis-
seminated.

Information about the project and its results were shared with
school districts, Indian educational and tribul leaders, parents, and in-
terested organizations in kannesota and throughout the nation.

15

23



Mayan Ma tliema tics ill the Classroom
Vera Preston

Stillwater, Oklahoma
There are malty advantages to using Mayan mathematics as an enrich-

ment activity in any curriculum. One is to emphasize Native American
achievements to both Native Americans and others in order to develop an

appreciation of the Mayan, Aztec, and Inca cultures. Another is to moti-
vate Native Americans by letting them know that the Mayans, Aztecs, and

Incas had a highly developed mathematical system. The system helps all

students learn a mathematical system that is easy and practically fool-
proof for addition and subtraction. By learning a few basic facts, mul-
tiplication and division problems are easy. The Mayan system gives stu-

dents concrete experience in a base twenty system. It leads to discus-
sions about how other base systems might have evolved. The most impor-
tant reason for using the Mayan mathematical system as an enrichment act-
ivity is that all students in the class have an interest in some aspect

of the Mayan culture. It improves motivation of students and helps to
maintain interest throughout the year.

My seventh and eighth grade mathematics classes, composed primarily

of Native American students, first began the study of Mayan, Aztec, and
Inca mathematics in order to have a project to enter in our county fair.

In addition to books and maps, we had drawings of Mayan glyphs for the
months, the days of the months, the various time periods, Mayan gods, and
a copy of the Dresden Codex, one of the three Mayan books that survived
the burning of,books by the Spaniards. We had a few classes devoted to
the Mayas, Aztecs; and Incas and the Mayan number system. The Mayas used

a place value numeration system with a symbol for zero. The base was
twenty when counting items and determining distances. An adjusted base

twenty system was used for counting time. All students wrote papers de-

scribing the Mayan number system. Some students also chose to draw some
of the glyphs representing part of the Dresden Codex or glyphs represent-
ing the months or days of the months.

When the material was first presented, the students were allowed to
lock at the materials and choose the ones in which they were most inter-

ested. Everyone quickly chose something. There were students on the

floor trying to translate the Dresden Codex using the charts of the
glyphs for the days, months, and time periods. Some students were draw-
ing glyphs of the days, months, or the Nine Mayan gods. Other students
were making charts of the numbers. It was fascinating to me to see one
topic so eagerly accepted by so Mmny different students at so many dif-
ferent ability levels. Four of the papers were chosen to be used in the
exhibit at the county fair. The exhibit we entered won a blue ribbon!

Later in the year, we used kidney beans to represent the red mollusk
symbol for zero, soybeans to represent the dot symbol for one, and tooth-
picks to represent the bar symbol for five. An object was used to repre-
sent zero because the Mayas used the shell for this purpose. Together we
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represented the numbers one through fifty. Each student then represented
other numbers in the Mayan number system. As we discussed the material
we had learned before and added information to the previous materials,
one of the students asked me if the Mayans were Indians. His tone of
voice indicated that he wanted to confirm ,that Indians had indeed been
responsible for the mathematical ability that produced a calendar more
accurate than the one we use today. The calculations necessary to pro-
duce the calendar and the predictions of various celestial occurrences
were extensive.

The information on the Mayans and their mathematical system and the
materials used to represent the Mayan numerals have been presented to
many age groups during the 1982-83 school year. When it was used in the
fifth grade at Red Rock, the students later asked to do their problems in
the Mayan system because it was easier. In a weekend workshop for Still-
water gifted students, the children from grades second through sixth en-
joyed making their own Mayan numerals. In May, 1983, the Mayan material
was presented to all the sixth and seventh grade extended studies classes
at the Stillwater, Oklahoma, Middle School. They asked many questions
about the culture. They also enjoyed /raking Mayan numerals.

After presenting the material to various age groups, I have found
that the younger groups prefer more hands-on experience with the
materials and the older ones want both the hands-on experience and his-
torical and cultural information about the Mayas, Aztecs, and Incas.
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GWorkshops °it Strategies
for Promoting GEquity'

The workshops described in this section of the Nuldhook
designed to give participants methods and techniques for attacking the
problem of underrepresentation in mathematics education. haeh wArkshop
is independent and can be used alone as a sejarate in-service activity.
Used together they form a comprehensive program for an equity conference.
(See sample agendas, pages 5 and 6).

The workshops show how to involve others in addressing the inequi-
ties in mathematics educators. handouts for each topic are accompanied
by brief narratives of background information for the workshop leader.

19



Planning cEquitr qnteiventioriPrograms
Ross Taylor

Minneapolis, Minnesota

Planning Equity Intervention Programs involves the same general

steps and procedures that you follow in planning any type of program.

Six major components in any type of plan are as follows:

1. Stating goals
2. Assessing the status quo
3. Seeking information
4. Developing the plan
5. Implementing the plan
6. Evaluating

Implementing equity intervention programs involves change. A refer-

ence that presents ideas on planning for change in mathematics is the
NCTM professional reference book entitled Changing School Mathematics: A

Responsive Process. The chapters on planning and on gathering support

for change should be of particular interest.to persons planning equity

intervention programs.

The six major planning components of equity intervention. programs

have special factors that should be considered.

1. Stating goals

In stating goals for equity programs it is best to state them in terms of

improving the situation rather than immediately achieving total equity.

If the goal is stated to increase participation and achievement' for mi-

norities and/or young women then any improvement will be seen as a suc-

cess. Since nothing succeeds like success further efforts can build on

initial successes.

2. Assessing the status quo

Mathematicians tend to be problem solvers and to solve a problem you need

to first fully understand exactly what the problem is. In the case of
equity we can do this by assessing the specific situation with respect to
participation in mathematics courses, achievement in mathematics or at-

titudes about mathematics. In some cases initial information will be
readily available but in other cases specific studies must be made. The

results of the status quo assessment will indicate the specific problems

that need to be addressed. Furthermore, this information can be used as

base-line data in the evaluation. With this information in hand it will

be possible to determine when inequities are decreased.

3. Seeking Information

Rather than going out and attempting to reinvent the wheel it appears to

be more productive to see what programs have been successful in similar
situations and implement those components of the programs which apply to

your situation. One source of information, is the National Council of
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Teachers of Mathematics national headquarters office. Many more sources

of information are listed in the National Council of Teachers of Mathema-
tics Handbook on Equity in Mathematics.

Another type of information to seek is the identification of the human

and financial resources that are needed to implement the program. The

section in the NCTM handbook on equity in mathematics entitled "Obtaining
Resources for Equity Programs" gives some ideas on how to find hUman and

financial resources in your location that can help your program.

4. Developing the plan

Any plan is more likely to be successful if specific components of the

plan are defined at the beginning. In particular, objectives should be

clearly stated. Specific tasks should be defined and specific times that
the tasks are to be completed should be stated. In addition, the persons

responsible for each specific task should be assigned. If these steps

are taken and recorded in writing then it will be possible to monitor the
plan to determine if sufficient progress is being made.

5. Implement the plan

There are specific components of plans for equity intervention programs

that are different from plans for other types of programs. Any equity
intervention program needs to begin with an awareness of the equity is-

sues involved. Generally an equity intervention program includes the

broadening of the awareness of equity issues.

There is ample evidence that the major reason the students take mathema-

tics courses and apply themselves to learning mathematics is the notion

that mathematics will be useful to them. Therefore the provision of

career information is an important component of any equity intervention

program in mathematics.

The situation may be such that special equity compensatory programs which

specifically address young women or specific minorities are necessary.

Consideration should be given to pluralistic learning materials to see

that women and minorities are equitably represented. Learning materials
should avoid sterotypes and should present warren and minorities in prob-

lem solving situations.

Staff development is a key component of most equity intervention pro-

grams. first of all, awareness needs,to be established for teachers, for
administrators and for counselors. Staff development should include the

provision of career information and the identification of factors which

contribute to inequities. The development of strategies 'for involving

parents and encouraging their students to learn more mathematics can
prove to be very helpful.

6. Evaluating

The evaluation plan should address the specific goals and objectives of

the program using assessment information as base-line data. Then that
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data can be compared with similar data collected after the program has
been in operation. If the objectives, the tasks, the time-table and the
responsibilities are well stated in the plan then evaluation can be used
to monitor the progress in the develoiment and implementation of the
plan. The evaluation information can be used to refine and improve the
program noting the weak points that need shoring up and the strong points
that should be replicated in other locations.

Publicity is sometimes needed at the beginning to create awareness
and seek support. Otherwise initial publicity should be downplayed. If

you are low key at the beginning with publicity then you can quietly bury
any mistakes or make the necessary changes. Once successes are achieved,
then they can be publicized to the world giving all persons involved
their share of the credit. That will pave the way for even more
success.
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NATIONAL COUNCIL OF

Teackers of 'Mathematics

PLANNING EQUITY INTERVENTION PROGRAMS

1. State goals
a. Increased particiption and achievement for students.
b. Increased awareness for staff.
c. Increased involvement by parents and community.

2. Assess the status quo
a. Information on participation and achievement.
b. Information on attitudes.

3. Seek information
a. What programs have been successful?
b. What resources are available?

4. Develop the plan
a. State objectives.
b. Define tasks.
c. Develop timetable.
d. Assign responsibilities.

5. Implement the plan.
Give consideration to the following:
a. Awareness of equity issues.
b. Career information.
c. Equity compensatory programs.
d. Pluralistic learning materials.
e. Parent involvement.

6. Evaluate
a. Evaluation plan addresses the
b. Assessment information can be
c. Use evaluation information to
d. Publicize successes.

EQtJITY

in

MATHEMATICS

specific goals and objectives.
used as baseline data.
refine and improve the program.



cDeveloping School
and Commutiity ciitigiret-Le88

Helen Cheek
Stillwater, Oklahoma

I. PLANNING THE MESSAGE

The Fennema video tapes (teacher, counselor, and/or parent versions)
are an excellent program for either the faculty or parents. The documen-
tation with the tapes give excellent step-by-step instructions for con-
ducting the program. The MAA tapes make a'good follow-up program on the
importance of mathematics to various careers. The EQUALS material is also
an excellent sourde for providing in-service or staff development pro-
grams on mathematics equity.

Speakers from local industry might be used with or instead of the
MAA video tape series. Employers explaining what mathematics background
they are looking for in employees are effective, as are local role models
who now use mathematics in their own jobs and.can show how it has helped
them bedome,successful.

II. REACHING THE AUDIENCE

Ask the district administration or staff development committee for
permission to .plan an equity workshop for the faculty. This request is
more apt to be granted if you have collected some data on the lack of
participation in mathematics by your target group in the district. An-
other possibility is the program chairperson of your local classroom
teachers organization. Find out who plans the program for your state or
local affiliated group's conferences. Ask to be on the prpgram or to
have tapes available for the program.

The meeting of your local parent teacher organization is an oppor-
tune time to buildawareness among parents and faculty at the same time.
Often the parents who need to know about the importance of mathematics
for their children do not attend the meetings. Some large rural dis-
tricts (e.g. public schools on Indian Reservations in Arizona) run their
regular bus runs for parents meetings and provide babysitting during the
meeting as well. The babysitting is also often used in urban areas to
encourage parents participation. At-least one district was successful by
showing films in the school library to children during meeting IF the
Children were brought to the"library by their parents. (The children
wanted to attend and as a result brought their parents.) Having a double
program r-one by the students--has been successful in most areas to in-

crease parent attendance.

Special workshops for parents. on how to help their children at home
in mathematics can serve the double function of allowing an opportunity
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to bring the message of the importance of mathematics to their children's
future. Such workshops can be part of a community school program, offer-
ed by one teacher in that teacher's regular classroom, or offered in
other buildings in the community (e.g., churches, tribal halls, community
buildings, etc.). Two things are important to remember about such work-
shops. One is that many parents whom you are trying to reach are very

uncomfortable visiting a school. The second is that providing each fam-
ily with a simple math game (something easily made in quantity by the
teacher) is a good way to begin the workshop and a good incentive for at-
tendance.

In small towns the local newspaper is both a good place to advertise
special programs and workshops for parents and often will publish arti-

cles on the importance of mathematics for all students and how parents
can help encourage their children in mathematics. Many large cities have
small neighborhood papers, often throw aways, that are widely read by

parents. Many of these papers carry free advertisements for public in-

terest activities. Occasionally they will print articles on topics such
as mathematics equity if the copy is provided by local teachers.
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NATIONAL COUNCIL OF

-leachers of 'Mathematics
N 1E1

141 DEVELOPI% SCHOOL AND ORMUNITY AWARENESS OF EQUITY ISSUES

EQUITY.

in

MATHEMATICS

I. PLANNING THE MESSAGE

A. Fennema and/or MAA tapes can provide a program for faculty
or parents

B. Speakers from local industry and government agencies to
describe the need for math in the job market.

C. Programs on math anxiety and successful methods for over-
coming it.

D. Speakers on math equity: the historic and cultural reasons
for your target groups' failure to participate in
mathematics.

E. Role model speakers (local if possible) who use mathematics
in successful careers.

II. REACHING THE AUDIENCE

A. Faculty meetings.

B. District in-service staff development.

C. Local mathematics education conferences.

D. Parent-teachers organization.

1. Send bus for parents

2. Provide babysitters

3. Program by the children

E. Community school programs.

F. Special workshops for parents.

G. Local newspapers and newsletter.

1. Advertisement

2. Education
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Obtaining Resources
,,liskr-v 93(111112c Programs

Ross Taylor
Minneapolis, Minnesota

Most equity programs require financial and/or human resources. In

seeking out resources use the FOWGI principle (Find Out Who's Got It).
Funding sources include federal, state, and local governments. Usually
there is some person or agency within a school district, college or uni-
versity that monitors federal, state, and local grants. These grantsper-
sons also tend to have information about funding from private fundations,
national corporations, local businesses, and or /individuals. Elementary
and secondary schools sometimes supply funds for equity programs out of
their own resources. In some cases higher education provides sources
of funtang, particularly when colleges'and universities want to increase
their female or minority enrollments.

Human resources can often be as valuable as financial resources.
indiViduals can provide staff development, supply career information for
students, or possibly do special tutoring for the targeted populations of
students. These individuals can be found in higher education, in busi-
ness and industry and in organizations that are oriented to women or min-
orities. They can also be found in professional organizations such as
professional societies of engineers. School district personnel or pri-
vate individuals can also serve as valuable resources.

When seeking support from a university or business, do not just try
to deal with the organization; but rather identify key individuals within
the organization that have a specific commitment to the cause of equity
in education. For example a number of corporations have organizations of
visiting women scientists who visit schools to talk to the students about
the relationship of science and mathematics to their future. It is pro-
ductive to work through the networks of individuals who are interested in
equity issues.

There are a number of strategies that you pan use that are helpful
in the equity efforts. First' look for organizations and individuals with
objectives similar to your own. For example suppOse a school district
wishes to increase minority participation in high school pre-college
mathematics courses and a nearby university desires to increase its min-
ority enrollment. They have similar objectives and they can work toget-
her with common programs that will help each of them meet their objec-
tives.

Get organizations and individuals to support activities where your
objectives and their objectives most closely coincide. For example,
business who wish to increase their technically oriented minority em-
ployees will be most interested in working with schools at the senior
high school level; the payoff in terms of an increased number of minority
employees will come much sooner for them.

In working with individuals inside and outside of your organization,
have them develop ownership by participating in the planning and the de-
velopment of the program. It may be difficult to get support for a
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completed program of your own. It is easier to get support for a program
in which all of the interested parties participate in the planning.

In the beginning, a priority should be placed on areas where the

most progress can be made. For example, it is easier to increase parti-
cipation by providing information about the importance of mathematics to
the future than it is to compensate for low achievement that has accumu-
lated over a long period of time. Work for early success. This is par-

ticularly important if funding is sought on a year to year basis. Fund-

ing for a succeeding year is more likely to be obtained if you can show

some evidence of success.

Activities that cost the least should receive priority. For exam-

ple, it is relatively inexpensive to inform teachers, counselors, aftinr

istrtators, students and parents of the importance of mathematics to the

future of the students. These efforts can yield early success and can

serve as a foundation for dealing with the tougher issues on a longer

on-going basis.

Make effective use of publicity. Early publicity should deal with

gathering support and for creating awareness of the equity issues. it is

best to be low key initially about expected results of the program; then

no one will be disappointed. Once successes are achieved then they

should be widely publicized giving all persons involved due credit. In

that way more support will be generated for future activities.

Be sure to distinguish clearly between resources that are needed

initially to make a change and the ongoing resources that are needed to

maintain the change. "Soft money" resources that may not continue on an
ongoing basis chould be used for things like staff development that are

needed to make the initial changes. "Hard money" which is available on a

ongoing basis is needed for activities that are maintaired year after
year.

Resources from federal funds and private foundations are usually

available only for a fixed duration of time so, they should be used to
make the initial change. Resources that will continue to be available

year after year can be used to maintain the change. Such resources are

usually available from sources within the organization. It is possible

to find external human resources such as visiting scientists that will

continue to be available year after year. Business and industry can pro-
vide ongoing resources if there is a potential for furnishing a continu-
ing supply of well qualified female and minority technically oriented em-
ployees::

Place.a priority on obtaining local resources. Those are the re-

sources upon which can have the most influence for continuing funding

year after year.

Here are some final thoughts. To achieve your goal you need high
expectations and commitment. You usually need imagination, determination
and money. With enough imagination and determination you can expect to

get the money and the human resources you will need to move ahead toward

making equity in mathematics a reality.
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NATIONAL COUNCIL OF

creackeis of 'Mathematics

OBTAINING RESOURCES PDR EQUITY PROGRAMS

A. SOURCES OF FUNDING
1. Government (Federal, State and Local)
2. Elementary/Secondary Schools
3. Higher Education
4. Private Foundations
5. National Corporations
6. Local Business and Industry
7. Individuals

B. HUMAN RESOURCES
1. Higher Education
2. Business and Industry
3. Equity Oriented Organizations
4. Professional Organizations
5. School District Personnel
6. Individuals

C. STRArBUIES
1. Locate organization and individuals with objectives similar to

your own.
2. Get them to support activities where objectives most closely

coincide.
3. Develop "ownership" in the program..
4. Place a priority on areas where the most progress can be made.
5. Work for early success--particularly if funding is year to year.
6. Place a priority on activities that cost the least.
7. Make effective use of publicity.
8. Distinguish between resources needed to make change and resources

needed to maintain change.
9. Look for resources that will continue to be available year after

year if needed.
10. Place a priority on local resources.

D. ADDITIONAL THOUGHTS
1. You usually need imagination, determination and money.
2. With enough imagination and determination you can often get the

money.



GInvolving Professional Organizations
Genevieve Knight
Hampton, Virginia

In order to ensure that your equity efforts are successful, you

should attempt to involve professional organizations and implement plans

for ongoing professional activities. Two outlines are included to assist

you in Getting the Ear of Professional Organizations and Planning Ongoing

Profesisonal Activities.

Getting the Ear of Professional Organizations

Review the literature for groups whose programs include equity acti-

vities (see Appendix B of this manual), secure written information from

national headquarters, and make personal contact with the nearest level

of the groups. Attend meetings and become acquainted with individual or-

ganizational policies and objectives. The key facto_ r is to prepare a

document in which the philosophy, aims, objectives, and activities of

your efforts are clearly described. Using the document as a working

paper, establish a cooperative relationship and actively engage in acti-

vities with the selected organization. Be prepared to make available in-
formation and individual workers to the target organization.

Planning Ongoing Professional. Activities

The ten item outline is a suggestive format that you might use to

plan your ongoing activities. Organizations vary in degrees of profes-

sional activities. Carefully consider the size, structure, programs, re-

sources and long range plans in generating particular program plans.

Using the various components of the manual collectively as a composite

unit, develop a flavor for making equity efforts workable. As equity be-

comes a part of your designated unit, professional activities soon take

an equal treatment approach to all issues and concerns.
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W4GETTING THE FAR OF PROFESSIONAL ORGANIZATIONS

N

I. Mathematical Sciences

A. Acquire literature from available groups.

(See Resource list)

B. Contact.

1. Local groups
2. State/Regional groups
3. National Headquarters

C. Become a member and attend meetings.

D. Establish.

in

MATHEMATICS

1. Advisory Boards
2. Career Workshops
3. Speaker Exchanges
4. Visiting "Teacherships"
5. Seminars for Parents
6. Forums for Community Input
7. Coorespondence Links with Editors of Publications
8. Reciprocal Relationships

9. Mutual Trust and Concerns
10. Educational Task Forces

II. Other Professional Groups

A. Acquire literature and establish an exchange of ideas and

concerns.

B. Select appropriate activities from mathematical sciences

list.

III. Comments/Notes
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WORKING WITH PROFESSIONAL ORGANIZATIONS

I. IDENTIFY TARGET GROUP

II. PROMOTE AWARENESS OF EQUITY ISSUES

III. ENCOURAGE COOPERATIVE BRAINSTORMING

IV. IDENTIFY SOURCES AND RESOURCES

V. ESTABLISH OBJECTIVES AND DOM RANGE PLANS

VI. PLAN ACTIVITIES: INDIVIDUAL -- GROUP - COLLECTIVE

VII. DEVELOP ACTIVITIES

IX. EVALUATE ACTIVITIES

X. RECYCLE
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GBuilding and GUsing Networks
Judith Jacobs

Fairfax, Virginia
Cre at 011% hre:1 I. I tO e?;t :lb 1-.11t11 tlet%I.to ttIl proV ide Viti

l'e!.;0111Ver-: to I II you reach your Hui ty goals. 'this workshop wi 1 I pro-
v i(i(. v,iii(tatiee in the "now-tor;' organizing 1(mal netwt)ks.

First and foremost, 1!.; tut ILC tVe KOCOSS Al 1 lumbers of
the tletIAOrk mutit actively pzirticira Le in order for the network to suc-
ceed, and 1.01' tt1.1 8021. S to be Ilellt( Ar(X1 . You should not expect every 'min-

tier of the network to support your !Articular Issue. Networking involves
CO( )1 ion , a tellITI ef ION; that bet I LS all individuals achieve their per-
sonal r,oals. You use other people's strengths to achieve your };(ails

what! they use your strengths to achieve their goals.

Once you have decided to establish a network you need to find others
to join you. You can find these individuals in traditional education or-
ganizations or traditional civil rights organizations. You can also find
them in ativitist groups or at meetings. A commonality of concern is
the first requirement for membership. tioalize that you do not have to
like all of the politics nor the people with whom you network. In plan-
ning the first meeting, be sensitive to areas of potential conflict. In

setting times for the first three meetings do not eliminate participants
by always conflicting with the same activities. fiemember that different
groups have commitments at different times. Check on the local sports
schedules, the religious observance patterns, and other meetings of your
community. No time will be conflict free, but everyone should be able to
attend one of the times.

Do not overwhelm the group by having too many people at your first

meetings. Networks are informal structures and personal interaction is a
major part of networking. Ths use of first names and ignoring titles

helps make everyone feel like an equal contributor. Though superstars
are valuable, the success of the network is dependent on everyone feeling
valued and important.

Though the goal of your network is to increase the participation of
your target group in mathematical studies and careers, this goal is too

general to get people involved. Attack a small problem on which closure
can be reached in a relatively short period of time. Plan a career cn-
ference, prerare a list of individuals (role models) who can speak co
students on careers using mathematics, or arrange a presentation to the

local school board on the issue. Do something that can make the network
members feel that they have accomplished a task. While wor;drig on speci-

fic tasks you can involve more individuals in doing things. While doing,
people can be talking about general issues and changes that need to be

made. Let the general follow the specific. Keep people involved and

they will stay committed.

hemember, the members of the network are there to meet their needs

not yours. Keep time requirements to a minimum. Start on time, social-
ize after the meeting so some can leave if they want. A network is or-

ganized around specific goals. Do not broaden the goals much or you'll
lose some of your best workers who are task-oriented.
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I. PURPOSES

NETWORKING

I
in

MATHEMATIC

A. To develop and use contacts to get inside information, advice,
ideas, leads, referrals, moral support

B. TO know who to call about what

C. To link people to people

D. To help people ,become more effective

E. To beat the system that isolates

F. To provide emotional support, i.e., instant understanding

G. To increase the'visibility of target group leaders

H. To increase the target group power base

II. A network is a team and, in adversity, a gang that transforms.

ISSUES INTO ACTION

Iv.

A. Networks are organized around an issue such as EQUITY.

B. They can be sub-organized around issues such as EQUITY FOR THE
TARGET GROUP.

A. Networks are mutual use organizations.

B. Everyone deals from a position of strength. Each person actively
contributes information and expertise.

C. Individuals are there because of more or less naked self-interest.

D. Warning: Do not assume every member of your network supports your
particular issue.
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V. Where to begin: First steps in building a network

A. Identifying resources

1. Realize you need other people

2. Seek out people from old established groups such as National

Council of Teachers of Mathematics, Women and Mathematics
Education, National Association for the Advancement of Colored

People.
3. Seek out people from outside your usual professional

associations, such as parent groups, activists organizations, or
those you meet at conferences.

B. Before the .first meeting

1. With a core of 2-3 people who agree with need for a network,
generate a list of 20 names.

2. Set a date, time and pdace for first three meetings. Check for

conflicts.
3. Focus on an eathy definable, relatively small problem.
4. Have a printed agenda and statement of purpose.
5. Have at the meeting

Name Tags (first name basis)
Copy of Agenda
List of Attendees
Self-help refreshments

C. The first meeting

1. Greet people as they arrive.
2. Have people wear a name tag. Here's one:

Name tag
Name
I am expert in
I am interested in

3. Start on time
4. Introduce yourself. Say a few words on what prompted you to

call things tether
5. Have people introduce themselves and state why they came, or

their special interest
6. Delegate tasks at the first meeting.

a. Send out summary and reminder to those on list.

b. Talk to those who didn't show.
c. Write a statement of purpose.
d. Generate list of questions to be discussed at next meeting

(at end of first meeting -- distribute with summary).

D. Follow-up to the first meeting

1. Try to talk
reinvest in

2. Arrange for
ship should

with all attendees after the meeting get them to

group.
someone else to chair the next meeting. The leader-

be fluid and informed.
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VI. GENERAL PROCEDURES

A. After basic questions are settled, open up membership. (You may
have started with open membership to all).

B. Involve newcomers. Let them do something as soon as you can -- even
if you mast make up the job.

C. Rotate the essential jobs, sharing control and responsibility..

D. Keep in touch between meetings.

E. Reach at least one decision per meeting.

VIII. REFERENCES:

A. Kleiman, Carol. Women's Networks. New York: Ballatine Books,
1981.

B. Welch, Mazy Scott. Networking. New York: Warner Books, Inc.,
1980.
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Collducting- GEquitycActivitie6
Gilbert Cuevas
Miami, Florida

The following are suggestions to assist you in the decisions that

need to be made in planning, designing and implementating of educational
and training activities. The three basic areas which need to be ad-

dressed are: CONTENT, AUDIENCE, AND 'MECHANICS.'

A. CONTENT: The results of student/school/district surveys should
be used in deciding what aspects of mathematics equity issues will be ad-
dressed in the proposed-conference/workshop. Among the most commonly
listed general areas are --increasing participation of minorities/girls

attitudes toward mathematics; concerns in mathematics, etc.

In addition, possible strategies for dealing with the content

areas(s) selected must be identified. These strategies may include ways

for dealing with curriculum and/or methods of. instruction, as well as,

use of instructional materials, and student counseling approaches.

B. AUDIENCE: It is important that a target audience be identified.

During initial equity activities it is recommended that the audience be

as homogeneous as possible (in terms of roles) to increase the likelihood

of positive impact. Among the different groups which may be considered

are --students, teachers, administrators, counselors, school board mem-

bers, representatives from the business community, etc. Also, the con-

ference planners must decikk, Jic LEVEL at which the activities will take

place. A basic question to be asked here is --what will the activities

provide for the participants? Awareness? Involvement? COmmitment?

These are the levels which were referred to.

C. 'MECHANICS'; Once the needs have been assessed (survey), the

content identified, and audience ected, there are otherareas which
must'be addressed. These are areas ich deal with the actual design and

implementation of the conference/wor shop activities.

1. Designing the Oonference/WOrkshop

a. Objectives --basea on the needs identified on a survey and the par-

ticipants to be involved in the activities, specific workshop
goals/objectives must. be specified.

b. Resources resources may include organizations (e.g., local NCTR

affiliate group), educators, consultants, business leaders and the

participants themselves. Also, books, films, tapes, gathes can be

considered as resources for conducting learning activities.

c. Activities --these refer to :the sequence of events that will take
place during the conference/workshop that lead to the goals or ob-

jectives. Activities may include presentations, demonstrations,

discussions', gaming, problem-solving simulations, and brainstorm-

ing.
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d. Finances -- it is important to determine if you can afford the
goals you have set for the conference. In planning the activi-
ties, it is suggested'that a 'budgeting-by-objectives' approach
be used.

e. Arrangements these include not only the facilities where the
activities will take place, but also making,sure that materials
have been secured, consultants/facilitators have been contacted,
and participants have been informed. In addition, the scheduling
of the Conference must be carefully planned. Sometimes 'after-
school' workshops are not feasible or week-end retreats' may be
too expensive.

2. Coordinating the Equity Conference/Workshop

a. 'Setting-Up' -- this refers to the physical set-up for the acti-
vities, as well as preparing the participants for a learning cli-
mate which contributes to the accomplishment of the conferences
goals. Setting the 'climate' includes discussions of the purpose
of the activities, participant and facilitator's expectations of
the workshop; overall, the participants must have a feeling of
'ownership' of the workshop --they must want to do what has been
planned for them.

b. Facilitating the Activities -- some of the questions which need
to be addressed in this area are:

-- Are all the necessary materials available?

-- Is the scheduling of activities /workshop sessions
appropriate?

-- Are breaks scheduled appropriately? Sufficiently?

Are the methods of instruction paced appropriately?
(Too much lecture, not enough group involvement)

3. Evaluating the Conference/Workshop

These basic questions need to be answered regarding the effectiveness
of any training activity:

Were the goals of the workshop met?

How did the participants feel at the end of the
activities?

-- As a result of the workshop, were there any changes
implemented concerning underrepresented groups in
mathematics education?

The first two questions deal with the immediate effects of the acti-
vities; the third question addresses the long-range impact of the
workshop on district practices as they relate to minorities and girls
in, mathematics.
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The checklist that follows is a summary of the issues discussed in
this section. Please feel free to adapt it to fit your individual needs
and training focus.

CONCOCTING MATHEMATICS EQUITY CONFERENCES/WORKSHOPS
A SUMMARY CHECKLIST

PLANNING THE ACTIVITIES

1. Needs to be addressed: 2. Conference goals/objectives:

3. General content 4. Strategies to be addressed:

- - Curriculum:

-- Instruction:

-- Materials:

Counseling:

- - Other:

5. Audience (check) 6. Level (check)

students administrators awareness

teachers counselors involvement

parents business leaders commitment

other:
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DESIGNING THE ACTIVITIES

7. List resources 8. Budget

9. Describe agenda, type of activities

10. Arrangements

a. Facilities b. Facilitator§

EVALUATING THE ACTIVITIES

11. List items to assess

a. workshop objectives

b. participant reactions

c. long-range impact (describe strategies to be used)
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Career CoVereiFe8
Judith Jacobs

Fairfax, Virginia

Conferences highlighting careers in mathematics and sciences are de-
signed to shot members of groups underrepresented in these fields that
there are opportunities for them. Such conferences are designed to ex-
pand the career horizons of participants..

Local circumstances will determine precisely how your career confer-
ence will be organized. There have been many different versions based on
the suggestions in the Career Conferences handout.

Decisions will be made based on availability of funds, speakers and
facilities. .Some decisions will be political ones. For example, should
social science careers be included? Many members of the target groups.
are already in social science careers so why encourage more to enter
these fields. On the other hand, social science fields require more and
more mathematics and, therefore, it is valid to include them in a career
designed to encourage the study of mathematics. You may decide this ques-
tion based on who is willing to fund the conference.

Though the primary goal of career conferences is to impact on stu-
dents' course taking decisions, one Should not ignore the value the con-
ferences have for networking among the planners of the conference. This
networking can lead to internship opportunities and Summer employment for
students.

Career conferenCes are a vehicle for involving parents, educators,

and non school personnel in promoting equity through mathematics. You
can start small (a half-day workshop) and work up to a multi-day confer-
ence. All, both students and adults, can benefit from the experience.



NATIONAL COUNCIL OF

-Tuckers of 'Mathematics
C

I. GOALS:

CAREER CONFERENCES

EQUITY

in

MATHEMATICS

A. To encourage target group members to prepare for careers that use
mathematics

B. To provide information on employment opportunities for target
group members in fields requiring mathematics

C. TO meet and form personal contacts with role models who are
currently working in mathematics related fields

D. To promote networking among individuals who are concerned with
promoting equity in these fields

II. THE PARTICIPANTS:

A. Students in grades seven through twelve

B. Their significant others: parents, teachers, counselors

Note: Though many sessions would be open to all, it is
often desirable to have some separate sessions for
(a) seventh and eighth graders, (b) ninth and
tenth graders, (c) eleventh and twelfth graders,
and (d) adults.

III. PRESENTERS:

A. Determine what fields should be represented. This is often
determined by whom you can get

B. In career workshops, combine members of high-visibility and low
visibility fields, e.g., an engineer and an anthropologist

C: Personal traits:
Competent, personable, communicative, sympathetic to equity
issues, humorouS'.
It is less important for workshop leaders to be eminent then
to be good at presenting ideas.

D. Many presenters may need help in developing math and science
activities that are appropriate for the audience. This is parti-
cularly true at the junior high school level
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E. Issues:

1. Should only target group members be presenters?

a. Yes This develops a sense of community and collective
power for the participants. It maxiffdzes the effect of

role models.
b. No -- The current scientific leadership is comprised of

white males -- including them as precentors increases
their, the establishment's, awareness and commitment to
equity issues. It lets participants know that white males
can be supportive of target group members entrance into
mathematics -- related careers. It is essential though,
that target group members are highly visible as leaders
at the conference.

IV . THE CONFERENCES:

A. Length -- one, two or multi-day workshops
Note: one day with interaction at mealtime can be sufficient.

Longer than one day should involve some field trips.

B. Types of sessions

1. Opening, -- keynote speaker or panel
2. Workshops -- career or math/science workshops
3. Sessions for adults

C. Panel discussion or keynote speaker

1. Try to inspire not awe
2. Talk about themselves, their education and their jobs
3. Remember: will be talking to an audience from 12 years old to

adults

D. Career Workshops:
Topics to be included

1. Courses needed
2. Financing an education
3. Career options
4. Reactions of family to entrance into this field
5. Reaction of majority group members to target group reml--rs
6. Combining a career with a family

E. Math/Science Workshops

1. Hands-on workshops
2. On topics not in the curriculum
3. Help students understand how mathematics and science are used
4. Some suggestions: Gambling, Pin-hole cameras, Test tube

detections, Linear programming
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F. Workshops for Adults
Parents, teachers and counselors should be provided with informa-
tion on career opportunities. Some topics for workshops include:

1. Financial aid
2. The problem of math avoidance
3. Multipying Options and Subtraction Bias tapes (see Hesource

List)

V. RECRUITMENT OF PARTICIPANTS

A. Who is the audience?

1. Those already interested in mathematics and science
2. Those who are undecided about their future goals

B. Scheduling the conference

1. He careful about conflicts: SAT's, local sport meets
2. When:

a. Evening
b. Saturday
c. Mid-semester break

C. Publicity

1. Direct mailings to school
2. Campus and community newspapers
3. Pbsters
4. University faculty announcements in courses which teachers are

enrolled
b. Students who have previously attended

VI. ItANDUUTS:

A. Students should be given materials to take home. These might
include:

1. Descriptions of programs at local college and universities
2. Don't Knock It, Unlock It brochures, The e,lath You Need in High

School (see He source List)
3. Brochures on different careers

H. You can often get local businesses to ray for running off this
material

C. (bntact professional organizations to obtain materials for
distribution

Ril,FERhNCE:

Krienbem, Nancy. Ideas for i)eyeloping and Conducting a Women in
;icience Care(J. qorkshop, vva8hington, D.C.: National. 8cience
1-0undation
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'Evaluating 6Instructiollal
cYllaterials for 93ia8

Gilbert Cuevas
Miami, Florida

The treatment of minorities and women in elemen-
tary and secondary textbooks has long been an issue
of concern to groups representing minorities and fe-
males, because they believe that textbooks used in
schools throughout the Nation do not accurately and
fairly portray the diversity of the American popula-
tion (U.S. Commission on Civil Rights, 1980, p. 1).

Three basic premises underlie the above statement: First, the
United States is a pluralistic society, second, the school curriculum
(including instructional materials) should reflect the composition of the
society. And, third, there is evidence in the literature that instruc-
tional materials play a role in the student's development of self-
concept and self-esteem, and the effect these variables have on achieve-
ment.

In evaluating mathematics instructional Materials for social bias,
two concerns need to be addressed: the one concern deals with the pro-
blem of exclusion, or not including women and members of minority groups
in textbook content, illustrations and examples. The other concern is
stereotyping, or representing people in distorted, inaccurate or simplis-
tic ways. The evaluation instrument is designed to address these two
concerns. Educators must keep in mind as they review and evaluate mate-
rials that the goal to be achieved is one of balance in the way mathema7
tics instructional materials portray people and groups--there should be a
striving for equality and fairness.

1 U.S. Commission on Civil Rights. Characters in texbooks: A

review of the literature. D.C.: U.S. Printing Office, 1980.
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HOW TO TELL IF' A TEXTBOOK* OR WORKBOOK IS BIASED
AND NEEDS SUPPLEMENTATION

Math, Science, Health, Elementary Social Studies (except World CUl-

tures), Economics, Civics and Government, Psychology, Sociology, Law,

Language Arts (including dictionaries) Spelling, Drama, Handwriting,
Business Education, Home Economics, Industrial Arts, Vocational Educa-

tion, Cionsumer Education, etc.

1. Are most of the "people" illustrations of boys or

men?

2. Are most of the "people" illustrations of persons

who are European or Euroamerican?

3. Are men/boys in illustrations and exercises gen-

erally portrayed as active, that is, as doers,
thinkers, leaders, problem-solvers, decision-
makers and women/girls as passive, that is, as
watchers or standers-by?

4. Are men generally portrayed in traditional male

careers and women in traditional female careers or
roles?

5. In the portrayals of non-Euroamericans, are they
generally in passive roles, i.e., watching rather

than doing, non-contributive in the situation,
having problems but not solving them, etc.?

6. Are persons of ethnic or racial groups steruotyped
in any way (i.e., American Indians as "primitive,"
feathered characters, Asian Americans as laundry

or restaurant workers, Black Aermican as athletes
or slaves, Hispanics as rancheros or siesta
takersi etc.)?

7. Does the book exclude characters who are physi-
cally disabled, obese, "homely," etc? If portray-

ed, are they generally inactive, dependent, non-

productive?

8. Are the elderly generally ignored? If portrayed,

are they inactive, incompetent, quaint, evil or
foolish?

9. In the "history of . . ." section, are women's
contributions generally ignored or mentioned only

in token ways?

YES NO N/A

IF ONE OR MORE OF THE ABOVE QUESTIONS CAN BE ANSWERED WITH A 'YES,' THE
BOOK IS PROBABLY BIASED IN THAT RESPECT AND SHOULD BE SUPPLEMENTED IN

SOME WAY TO BALANCE THE CURRICULUM.

Developed by Dr. Ruth A. Gudinas, Curriculum Specialist, Department of
Huran Relations, Madison, Wisconsin Metropolitan S,:hool District.

46
53



GInc.thasing 9,chievement

Mathematics
Helen Cheek

Stillwater, Oklahoma
This session can be didactic or group discussion in nature with the

handout prepared for participants serving as an outline. The comments
which follow are points which can be discussed under each heading of the
outline by the workshop leader. These are followed by questions which
can be asked to elicit discussion among participants if a non-didactic
session is planned.

I. THE NEED FOR CURRICULUM OBJECTIVES AND EVALUATION

When teachers own the mathematics curriculum because they have been in-
volved in formulating it, they are more apt to attempt to follow the
curriculum and agree with the objectives. Teachers who attempt to write
such a curriculum without outside guidance, however, are often quite
frustrated in the process and limited in their scope. Such curricula are
likely to follow closely the last textbook series the district or school
has been using for mathematics. It is suggested that each member of the
curriculum planning committee be given a copy of AN AGENDA FOR ACTION in
preparation for their task. This will help guide them in planning curri-
culum objectives.

A. Why must teachers be involved in writing the curriculum?

B. Why shouldn't the textbook series adopted by the school serve as
the curriculum guide?

C. What outside expertise is needed?

Teachers are not the only determinants of the success or non - success
of a curriculum. It is always important that students and their parents
know what is expected of them. It is also vital that administrators
know, and agree with, the curriculum's objectives because they will be
evaluating the teachers' performance in terms of meeting these objec-
tives. It is also important that administrators help plan evaluations of
student progress in terms of the curriculum objectives. No program can
be evaluated as successful or unsuccessful without looking at the objec-
tives of the program and determining whether or not these objectives were
met.

A. How do parents and administrators impact upon the success of the
curriculum?

B. What happens to a process oriented curriculum when it is evalua-
ted with standardized instruments which are product oriented? What mes-
sage are the teachers receiving?

C. Do we also need normed-referenced testing for credibility?
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II. THE NEED FOR HIGH EXPECTATIONS

When adMinistrators and/or teachers explain away widespread failure

in mathematics as being caused by some attribute of the students, they
are demonstrating one of the primary reasons their students are not suc-

ceeding. If administrators and teachers have high expectations for the
mathematical achievement, students will probably also have such expecta-

tions. Special efforts might be required to be sure that parents also
hold such expectations because parent expectations effect individual

chi]dren even more than their teacher's expectations.

A. How do expectations affect achievement?

B. What can be done to raise expectations?

III. THE NEED FOR PRINCIPAL'S SUPPORT

Recent research on the role of the principal has shown the elemen-

tary principal to be the key to achievement. The high school principal
does not seem to have this impact on achievement in specific subject

areas.

A. How does a principal indicate support for a mathematics

curriculum?

B. What support is needed at the high school level?

IV. THE NEED FOR APPROPRIATE MATERIALS AND APPROACHES

Results from numerous Math Clinics and Math Anxiety Clinics at uni-

versities and panedial mathematics progrmns in the schools, indicate that
we tend to spend too little time building concepts before ,attempting to
establish patterns with drill and practice activities. How much time is
spent at the concrete or enactive stage depends on the particular class,
hOsever, there appears to be more harm done by proceedim; too quickly to
the symbolic stage than too slowly. This is equally true in high school,
junior high school and elementary school. The learning cycle approach
advocated in the NCIM publication MATHEMATICAL EXPERIENCES (Volume 1 and

2) is most appropriate in introducing new concepts through general math-
enatioS courses. There are many canmercial materials and books for tea-
chers giving concrete manipulative approaches which are very appropriate
for first year algebra students. For example, -see Key Curriculum Com-
pany's Math Tiles, Algebra in Concrete by Mary Laycock, and Solid Sense
in Mathematics by Laycock and Smart. Geoboards and constructions are con-
crete activities for geometry students.

A. Are the use of manipulative materials to introduce concepts

above third grade a waste of time?

B. Might the emphasis on building concepts be even more important

for some targeted .groups?

C. Are applications at the upper grade levels the same as manipula-
tives in the primary grades..
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Curriculum objectives are not likely to be met if instruction is not
directed toward them. Although research does not indicate that calcula-
tors are harmful, it does indicate that some uses are inappropriate
(e.g.; using the calculator to check long paper and pencil algorithms).
One of the most serious problems facing the mathematics curriculum in
many parts of the country today is the selection of appropriate software
for microcamputers. Too many schools are making hardware purchases
first, then buying whatever software fits their hardware and budget in-
stead of finding software that meets their curriculum objectives and then
purchasing the hardware necessary to use that software. If software does
not meet the objectives of the curriculum, it is probably useless at best
and counterproductive at worst.

A. How might we help teachers direct their instruction toward the
objectives of the mathematics curriculum?

B. What are appropriate uses of the calculator and /or canputer in

the mathematics classroom?

V. THE NEED FOR SYSTEMATIC REVIEW

Elementary teachers with self-contained classrooms should plan a

five to ten minute review of basic facts and skills previously studied at
same time each day other than the regular mathematics program. Such a
review first thing in the morning, after recess, or after lunch serves as
a quick way to help children focus on learning tasks as they return to
the classroom. It is easier to help children retain facts and skills
than it is to help then relearn them. Such reviews can be self-checking
by having the problems on an overhead transparency and at the end of the
review period displaying the answers on the overhead via a second trans -

parency (This also reduces teacher preparation time as they can be reused
during the sane year as well as from year to year.)

Ihtheruatics teachers in departmentalized classes should plan a five
minute review at the beginning of each class period. This,helps to de-
velop task orientation as soon as students enter the classroom and also
prevents wasting instructional time at the beginning of each period while
the teacher attends clerical duty such as roll. This is also a way to
maintain basic arithmetic skills in higher mathematics classes without
spending instructional time on arithmetic.

A. Is daily review worth giving up instructional time? Is it necessary

to give up instructional time for review?

B. How can this be accomplished without overloading teachers with paper-

work?

VI. THE NEED TO MAINTAIN AND IMPROVE TEACHER'S SKINS AND KNOWLEDGE

Some states require teachers to update skills annually (e.g., Cklar

.homa). Encourage your state (or local districts) to approve conferences
of the rcna and the local affiliated groups for staff development credit.
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A. Does your school recognize attendance at conferences such as
this as staff development?

B. How could teachers in your district be encouraged to take more
mathematics courses? Should junior high and high school mathematics
teachers also be encouraged to take more mathematics courses?
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NATIONAL COUNCIL OF

Tuckers, of 'Mathematics

vv
INCREASING ACHIEVEMENT IN MATHEMATICS

EQUITY

, in

MATHEMATICS

I. District (school) Curriculum Guide with clearly stated objectives and
evaluation matched to objectives.

A. Teachers must be involved in curriculum writing (assisted by per-

son with background in math curriculum).
B. Curriculum must have objectives for all basic skill areas (see

NCSM list of basic skills).
C. Teachers, students, parents, and administrators must all be aware

of curriculum objectives.
D. Criterion referenced testing of objectives needed. [see: Educa-

tional H & D Report, Volume 5, #3, Fall 1982. Available from Cbuncil for
Educational Development and Research, 1518 K Street, N.W., Washington,

D.C. 20005.]

II. High expectations for mathematical achievement must be held by admin-
istrators, teachers, parents, and students.

III. Cbmmitment and support of the mathematical curriculum by the build-
ing principal (especially at the elementary school level).

IV. Appropriate use of materials and approaches.

A. Use man-pulative materials to introduce concepts and build under-
standing (at all levels).

B. Instruction should be directed towards curriculum objectives.
C. Most research indicated calculators to be helpful. None shows it

to be harmful.
D. (bmputers are helpful but software needs to be carefully chosen

with curriculum objectives in mind.

V. Maintain skills through Systematic Review

A. Review 5 to 10 minutes daily (or three times a week). Use this

as both review and management technique.
B. Follow-up on student weakness observed in review.

VI. Maintain and Improve Teachers' Skills and Knowledge

A. Regular in-service programs.
B. Encourage membership in NCTM and affiliated groups.

C. Staff development programs for elementary teachers should en-
courage teachers to take math.

PriMary Sources: B. Ross Taylor, Patricia Hess, Marilyn Suydam, and Shir-
ley Frye
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GEquity Survey' Questions

The following seven survey questions developed by the NCTM Equity

Cutirrence Advisory Cbuncil were mailed to participants in advance of the
conferences. Participants were asked co choose at least one survey ques-
tion appropriate to their own situation, conduct the necessary research
and bring the results to the conference. If none of the questions were
appropriate, the participant was invited to prepare a question, research
it and share the results at the conference. In this way every partici-
pant arrived at the conference with current data on the mathematics edu-
cation equity problems of their own school, community or region. The
data was shared with ocher participants and used as the focus of sessions
set aside for participants to plan their own follow up equity in mathema-
tics education activities.

The EQUALS Handbook published by the Lawrence Hall of Science, Uni-

versity of California at Berkeley, was the source of both the idea of re-
quiring participants to bring their own data co the conference and/for
several of the survey questions asked. Questions 1, 3 and 4 were adapted
from questions used in EQUALS Conferences by asking for data on race and
ethnic background as well as sex of students.

One problem that the Advisory Council found with these forms was the
disagreement of terminology for describing ethnic background. For this
reason, one column of the forms has been left blank for future users to
complete. This column should be headed with the appropriate term in your
region CO describe students of European ancestry who speak English as a
native language. In some areas the term white was appropriate, and some
the term was Anglo. Some regions reported these students under the sec-
tions captioned Native Americans. If the latter is apt to occur in your
region you may want to change that heading to American Indian co prevent
confusion.

PLANNING FOLLOW UP ACTIVITIES

One or more sessions at the conference should be devoted to partici-
pants using the data they have collected co plan follow-up activities.
If several participants are from the same area -- school district, com-
munity, or region -- these participants should be grouped with one facil-
itator to plan jointly.so that a coordinated effort can be made. At the
NCTM Regional Equity Conferences participants from the host state used
this opportunity co coordinate statewide planning with officers of the
local affiliated NCTM groups, state department of edu6ation personnel,
regional desegregation center representatives and local teachers, counse-
lors and administrators.



Many participants will be the only representatives of their school

or community. Such participants can be asked to form groups representing

thelir areas of interest: elementary, junior high, high school, teacher

edudp.tion, state department of education personnel, etc. These groups

then share their problems, brainstorm possible solutions, and plan stra-

t egies together. While their problems will not be identical, such group-

ings allow participants CO work with peers on similar problems and to

share ideas that have been or might be successful. Facilitators of such

groups could share programs and materials that have proven successful in

other areas and materials that have proven successful in other areas and

t hat are appropriate to the groups problem.

For Equity in Mathematics Education Opnferences to be successful in

initiating change it is important that participants arrive at the confer-
ence with data they have collected that has helped them to identify the

problem areas in their own school or community. It is equally important
t hat participants leave with a plan of action for attacking the problems

their surveys have uncovered.
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Mathematics Equity Conference
This survey is appropriate only in schools where optional math courses

are offered.

Examine enrollments in all math classes in your school(s). Report numbers

and percents by ethnic groups, race, and/or sex of students.

Course

r N '11 ".

(basic skills, consumer
math business math

1113.1.1
EMIZI
Total

Total

+/ ft o./%

Hispanics I

/ %

---0111111

Blacks

/ %

Native

./%
American

-....01111""---

Asian

+/%

--.....m....-_

Other

e/%

ALCEBRA I (first year
algebra even if given in

more than two semesters

_PPM
MM.:
Total

'

..MMIOMMIMP'

GELNETRY ..M

Total

IIIMMINPOMMM..

ALGEBRA II (second year
algebra with or without
trigonometry)

TRIGOKIETRY ( analytical
geometry, precalculus &
other advanced math

PM
Tagn
Total

IMP'
1:14IM
Total

__

CALCULUS (anlaytical gco-
metry, precalculus &
other advanced math)

MNWM
Total

1

CMPUTER SCIENCE (analyti
cal, precalculus & other
advanced math

INN
WWI
Total

I

1

Directions to Researcher: Write one paragraph summarizing your data and
identifying the problem you feel needs to be
addressed in your school(s). Bring this to the
Mathematics Equity Conference along with your
completed chart.

Name of Researcher

School(s) Surveyed

Grade Level(s) surveyed

Total number of students Male Female

Total ethnic and racial minority population of school:

Hispanic Black Native American

Other
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Sentence Completion Task
Name Age Sex Date

1. On weekends I spend my time

2. When I grow up I hope to work as

3.. I do not like people who

4. My parents want me to study more

5. I look forward to

6. The subject in school that will help me most when I get a job is

7. When I grow up my parents want me to work as

8. When I was younger

62

56



Mathematics Equity Conference
This survey is appropriate in grades three through twelve.

Survey Question 2
Puplicate the Sentence Completion Task and administer it to at least 20

pupils. This can he administered in a group setting for most children. It

is permissihle to have children dictate their responses ir necessary.
PIUCTIONS TO ITSEAMINR: Identify each answer sheet by race or ethnic group.
Divide the Conn into groups of targeted and untargeted students. Look for
patterns to the answers Cor numbers 2, 4, 5 and 7. EC possible, summarize your
data using a graph display of your data. Write one paragraph stumnarizing your
data and identifying the problem you feel needs to be addressed in your school.
Bring this to the Mathematics Nulty Conference along with your data.

Survey Question 3
This activity is appropriate in grades Kindergarten through third grade

(wording can he modified for-grades 4-6) .

Ask your students to: "Ilraw a picture of yourself when you are grown-up
and at work." Have each student write or dictate to you some statements about
the picture which are then recorded on the picture. Please indicate, sex, race,
and/or ethnic hackground of child.

Please tally the data from your class by sex, race and/or ethnic group
accompanying chart (see question 4) . Look for patterns that emerge. what con-
clusions can you draw?

Write one paragraph sumnarizing your data and identifying the problem you
Feel needs to he addressed in your school. Bring this to the Mathematics Equity
Conference along with your' pictures and stunmary.

Survey Question 4
Have at least ten of your teachers or teacher education students make up

five story problems related to one or more targeted groups. Analyze these
problems for sterotypic projections.

Survey Question 5
Survey the programs of local, state, regional and/or national professional

conferences over the past three years for sessions dealing with equity. Share
the data you Find, listing any especially relevant sessions found.

Survey Question 6
Survey Five counselors. Ask them to list all the jobs they can think of

which requires three or more years of high school math. Summarize the responses
and bring both your summary and the lists.

Please make duplicate copies of any data submitted. We will not be able
to return any submitted data.
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Mathematics Equity Conference
Survey Question 7
Imagine you. are 30 years old. Descrihe a typical t;ednesdy in your I i Ie.

DIRECTIONS TO RESEARDIER: Ask your students to "Imagine you are 30 years old.

Descrihe a typical Uednesday in your life." live students a lull niece or paper

so they are free to write as much as they want. Be SHre students indicate whether

they are are male or Cemale.

There are many interesting ways "Typical Uednesday" could he analyzed. For this

research project, please I

(1.) occupational choi

For both of these, please
your students' choices in
emerge. What conclusions

OCUS on these two aspects:

ces (2) Family responsihilit
tally your data by sex on the accompanying
the most appropriate categories. Look for

can you draw? Native

Total Hispanic Black American

charts.
patterns that

Asian Other

Record

SCIENTIST (Engineer,
Computer scientist)

hi

F

PROFESSIONAL ATHLETE M
F

TRUCK DRIVER (Carpenter,
M

Mechanic, Train Engineer) F

POLICE OFFICER (Military, M
Firefighter) F

EXECUTIVE (Businessperson,
Executive)

hi

F

DOCTOR (Lawyer, Architect,
Airplane Pilot)

M
F

VETERINARIAN (Forest
Ranger)

M

ROCK STAR (Singer, Disc
Jockey, Musician)

M
F

REPORTER (Writer--all
media)

TEACHER
F

NURSE (Lab Technician)
F

BALLERINA (Model, Movie

Star)

M-

SECRETARY (Flight Attendant,
Beautician)

----.=

UNPAID WORKER (Homemaker,
Parent) F

°TIER

58 64



qppendix A

`state of We cArt
Paper

The following papers were delivered at the Equity rn Mathematics Core

Conferences held in Reston, Virginia, February 19-21, 1982.
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`Blacks arLd cYVIatliematic8
Martin L. Johnson

College Park, Maryland
During the seventies much attention

was focused on the status of blacks in
relation to mathematics and the mathara-
tical sciences. A calamitous set of in-
terrelated occurences served as catalyst
for this long overdue attention. The
black population of the United States
was approximately 11.6% of the total
population in 1976 yet less than 5% of
all BS degrees in Mathematics was award-
ed to blacks; less than 3% of all BS de-
grees in Engineering was awarded to

blacks (National Science Foundation,
1980(a)). Black high school students
were enrolling in mathematics courses at
an alarmingly low rate and were continu-
ing to perform at a level lower than
many other groups of students as measur-
ed by standardized tests. These facts,
among others, dictated that a serious
look at the mathematical education of
black youth was needed.

The participation of blacks in
mathematics courses and the mathematical
achievement of blacks at the pre-college
years are concerns that mast receive
national attention. Each concern repre-
sents highly complex, multidimensional
issues having far reaching consequences.
In this paper I will review efforts to
document the various dimensions of the
problem and report on attempts of re-
searchers to find effective solutions.

Participation in Mathematics Courses

All available data on participation
of high school students in mathematics
courses indicate that blacks are enroll-
ing in fewer mathematics courses than
most other racial/ethnic subgroups. The
National Longitudinal'Study of the High
School Class of 1972 (NLS -72) reported

that the average number of semesters of
mathematics taken fmn 10th to 12th

grade was 3.4 and 3.8 for black and

white students, respectively (Vetter,
Babco, & McIntire, 1979). Almost 50% of
the black students enrolled in mathea-
tics for 0-2 semesters and less than 20%
enrolled for six or more semesters.
Table 1 includes participation rates of
the high school class of 1972 by

racial/ethnic group.

The High School and Beyond Study, a
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national longitudinal study for the
1980's reported that substantial racial
differences still exist in the number of
mathematics and science courses taken by
high school seniors (Peng, Fetters &
Kolstad, 1981). In 1980, only 35% of
all black seniors reported having taken
three years or more of mathematics.
Only 19% of all black seniors took three
years or more of science (see Table 2).

Although the data in Table 2 reveal
a very low participation rate in mathe-
matics courses by blakcs, the larger
picture indicates that between 1977 and
1980 the percentages of black students
taking specific mathematics courses such
as Algebra I, Algebra II, and Geometry
actually increased. The 1977-78 assess-
ment of the National Assessment of Edu-
cational Progress indicated that among
17-year-olds the percentage of black and
white students who had taken Algebra I
was 55% and 75% respectively. The per-
centage of 17-year-old black and white
students who had taken Algebra II was
24% and 38%, and for those who had taken
Geometry, 31% and 55% respectively.
These data are reported in Table 3

(NAEP, 1979). In the High School and
Beyond Study, the percentage of black
and white high school seniors who had
taken Algebra II was 39% and 50%, and
for those who had taken Geometry, 38%
and 60%. Percentages for all subgroups
in the class of 1980 are given in Table
4.

The consequence of taking so few
mathematics courses in high school are
severe. Sells (1978) reported that

career choices, in particular careers in
the mathematical, physical and biologi-
cal sciences are seriously limited with-
out four years of secondary school math-
ematics, including Algebra I, Algebra
II, Geometry and at least one year of
pre-calculus mathematics. The NLS -72
reported that a positive correlation
existed between the numter of semesters
of mathematics completed in high school
and the completion of the bachelor's
degree on schedule (in the fall of
1976). Further, students with more
mathematics and science coursework in
high school were more likely to choose
science and other quantitative fields in
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Tgble 1

Participation Rates in High School

Mathematics Courses by Racial/Ethnic Group

Semesters of High School Matharatics
10th through 12th Grade

Racial/Ethnic group 0-2 3-5 6 or more total average
semesters

American Indian 63.3 25.9 10.9 100.0 2.6
Black 42.2 38.4 19.4 100.0 3.4
Hispanic 43.7 39.0 17.3 100.0 3.3
Asian Amert'an 23.1 29.4 47.6 100.0 4.6
White 36.7 33.3 30.0 100.0 3.8

Source: Adapted from Vetter, Betty M., Babco, Eleanor L., and
McIntire, Judith E., Manpower Comments, November 1979, p. 20

Table 2

Percentage of 1980 High School Seniors
Taking Three Years or More of Coursework

in Mathematics and Science, by Racial/Ethnic Group

Racial/Ethnic grip Mathematics Science
American Indian/
Alaskan Native 22 12

Black 35 19

Hispanic 27 14

Asian American 48 32
White 33 23

Source:. National Center for Educational Statistics, High School and
Beyond, 1981, p. 2.

Table 3

Percentage of 17- Year-Olds
Who Had Taken Algebra I,

Algebra II and Geometry in 1977-78, by Race

Race
Mathematics Course Black White
Algebra I 55 75
Algebra II 24 39
Geometry 31 55

Source: National Assessment of Educational Progress, Mathematical
Knowledge and Skills, p. 45.

Table 4

Percentage of 1980 High School Seniors
Taking Mathematics and Science Courses
by Course Title and Racial/Ethnic Group

RaciallEthnic Group
Mathematics American

Course Indian Black Hispanics Asian White

Algebra I 61 68 67
Algebra II 32 39 38
Geometry 34 38 39
Trigonometry 17 15 15

Calculus 5 5 4
Physics 17 19 15

Chemistry 24 28 26

Source: National Center for Educational Statistics, High School and
Beyond 1981, p. 5.
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college, both black and white (Petal.

Fetters, & Koistad, 1981. 40).

The Icrw black erindhnent in nut he-

nuitics is also seen in pest-secondary

study. Few black students are majoring
in the mathematical sciences In college.
Obviously, enrollment In high school
mathematics courses impacts on this in a

major way. In 1975-76, blanks earned
2.91 of the 45.t thousand BS degrees
awarded In engineering, 5.8% (out of 5.6
thousand) of the BS degrees in computer
science, 4.9% (15.9) in mathematics, and
2.9% (21.2) in physical science (Nation-
al Science Foundation, 1980 (a)). The
proportion of blacks in the U.S. popula-
tion in 1977 was 11.6% hence the above
data show the serious underrepresenta-
tion of blacks in highly quantitative
areas of study. There is little reason
to expect that these trends have changed
significantly in the last five years or
that it will change significantly in the
near future. Only 48% of the black

students in the High School and Beyond
sample expect to pursue a 4-year college
degree. Although the career choices of
blacks were not identified, the percen-
tage of the total sample planning to

enroll in various scientific fields were
as follows: engineering--10%, computer
and information sciences-5%, biological
sciences-5%, physical sciences-2%,
mathematics--1% (Peng, Fetters, &

Kolstad, 1981).

Mathematical Achievement

The mathematical achievement of
black students, as measured by the

National Assessment of Educational Pro-
gress, continues to lag behind the ach-
ievement of white students in every test
category and at each age level; 9, 13

and 17 (NAEP, 1980). Table 5 contains
data showing the mean performance per-
centages of black students across all
categories tested in the 1977-78 nation-
al assessment. Although these data are
sobering to say the least, they re-

present a significant positive change

from the 1972-73 national assessment.

Nine-year-old black students "showed
significant increases in performance and
performance relative to the nation on
the entire set of exercises and on the
knowledge, kill and computation subsets
cf exercises. In addition, this group
showed a significant increase in perfor-
mance, relative to the nation, on math-
ematical application exercises" (NAEP,
1980, p. 12). Black 13-year-olds showed
a significant increase in performance,

relative to the nation, on mathematical
Skill exercises. Black 17-year-olds
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showed an increase on coinaun.r problem

exercises and no loss in porforinince in

knowledge capitation and riding gniphs
and tables, however, the au= perfor-
mance of black 17-year-olds declined on
many exercise sets with approximately 20
pere(mtnge points separating black and
white test scores.

The NAEP findings suggest that ser-
ious problems exist in our mathematics
classrooms for black students. An In-

depth study of the origin of these

problems as well as the plight of learn-
ers of all ethnic/racial groups must be

undertaken immediately. one recent

study reported that more than a fourth
of all 1980 high school seniors had

taken remedial coursework in mathematics
(Peng, Fetters, & Kolstad, 1981). Over-
all, high school students are performing
poorly in matheatics!!

Contributing Factors

The above data on enrollment pat-
terns and achievement of black students
in mathematics confirm what has been re-
cognized by black educators for years;

black students and white students are
not achieving at the sane level. Na-

turally, the question of "Why ?" is

asked. At this time there are no defin-
itive answers to this question. There
are some beliefs and speculations about:
(a) factors that have a major impact on

black students, and (b) how black stu-
dents learn in the current school envir-
onment.

Wilson (1978) has attempted to ana-
lyze the growth, development and educa-
tion of the black child in today's
society. According to Wilson, a black
child's performance in a classroom re-
flects that child's socialization in a

hostile, racist society. Wilson argues
that schools exist to maintain and to
perpetuate a cultural way of life. Most
schools do not show sensitivity to black
culture and hence it should not be sur-

prising to find that the black child's
academic performance "lag behind" that
of whites in a school system designed to
maintain white dominance.

Wilson states that black parents

must take the major responsibility
socializing and educating black children
in a way to increase achievement motiva-
tion and to decrease the black child's
high need for dependency and low need
for achievement. Such an emphasis would
result in changes in the behavioral,
motivational, and cognitive functioning
of black children (Wilson, 1978).
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Table 5

Mean Performance Percentages
of Black 9, 13, and 17 Year-Olds on 1977-78
National Assessment of Educational Progress

tN

Title of Set
of Mathematics
Exercise

Age 9 Age 13 Age 17

Mean Percentage Mean Percentage Mean Percentage
Nation Black Nation Black Nation Black

Mathematical Knowledge 65.94 54.92 66.87 52.82 71.01 56.24
Numbers & Numeration 67.45 55.41 71.20 56.75 77.90 63.03
Place Value 63.43 50.19 .70.86 5086

93.74 86.79Basic Facts 76.90 64.08 90.80 80.60
Ordering 66.19 60.03 54.04 40.72 64.48 40.96

Number and Oper. Prop. 45.92 35.50 63.26 49.22 77.24 61.54
Geometry Knowledge 58.74 50.08 57.30 44.87 67.53 50.44
Meas. Knowledge 65.82 58.86 69.79 53.57 78.71 62.27
Mathematical Skills 43.34 32.55 51.88 35.10 58.97 41.39
Computation 35.44 26.65 51.68 35.26 67.17 49.60

Whole Number -Ccap. 52.36 40.12 82.67 69.49 87.54 79.48
Measurement Skills 52.91 41.60 54.75 33.53 56.72 33.26
Making Measurements 63.59 50.90 70.92 46.58

72.56 55.96Reading Graphs & Tab. 58.91 43.73 68.85 52.22
Gecmetric Manipulation 44.44 33.63 45.81 33.41 54.76 35.87

Algebraic Manipulation 39.36 27.57 52.17 33.58 39.99 25.05
Solving Equation 44.52 34.32 63.74 43.93 35.20 17.95
Math Understanding 39.60 29.31 51.72 36.96 58.01 40.65
Math Applications 37.75 27.08 43.34 29.69 43.48 25.66
Routine Problems 36.66 24.03 41.43 26.90 41.55 23.03

One-step word Problems 44.34 20.10 52.08 33.72 57.09 35.38
Computation -Fractions 51.40 31.96 65.82 47.88
Ccarutation-Decimals 54.70 32.95 75.22 54.72
Computation - Integers 38.22 27.54 68.09 48.19
Finding Perimeter, Area
and Volume 45.06 27.53

Plotting Points 57.04 32.57
Estimation 35.75 19.38 49.63 30.12
Multistep Word Problem 36.82 24.17 35.10 15.93
Graph & Table Prob. 55.26 35.62 63.19 40.91
Geometric Problems 25.86 19.53 36.77 20.82

Comb, Stat, and Probab. 35.52 21.70 25.50 13.47
Nonroutine Problems 40.49 23.40
Measurement Problems 33.08 13.38

Source: National Assessment of Educational Progress, Mathematical Technical
'Report: Summary Volume
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Other factors commonly mentioned as
reasons for lack of interest in taking
mathematics by black students are: (1)

lack of black role models, (2) lack of
significant others, such as parents, who
have interest in mathematical achieve-
ment, (3) lack of positive career coun-
seling, (4) viewing mathematics as a
subject for white males, 0(5) inability
to see the usefulness and relevance of
mathematics to their lives, both present
and future, and of course, (6) lack of
success in previous mathematics courses.
These factors are all interrelated and
have historical roots in centuries of
institutionalized racism that perpe-
tuated unequal education for black
people. It should be pointed out that
very little research has been conducted
that attempted to ask black students why
they did not take more mathematics.
Much of what is "known" relative to why
blacks do not take more mathematics is
juxtaposed from the research on "women
and mathematics." The effects of sex
discrimination and mathematids partici-
pation and/or achievement have been ex-
tensively research and reported (Jacobs,'
1978). Similar studies of racial dis-
crimination and its effects on mathema-
tics achievement are not available at
this time.

The effects of a lack of black role
models in science and mathematics, in-
cluding a lack of black mathematics
teachers, on a student's choice of what
mathematics to take in high school have
not been sufficiently researched. Cer-
tainly, all partthipants in the educa-
tional process realize the importance of
making students aware of the contribu-
tions of black scientists, both past and
present, to the history of this nation.
It seems reasonable that black students
would seek to emulate black men and

women who serve as strong role models,
however, there is little research to
support this contention.

Parents, relatives, and friends
play a major role in a student's choice
of mathematics or mathematics related
career at the college level. Carey
(1977) reported that 32% of the engin-
eering students entering Purdue Univer-
sity in 1973 stated that their choice
was heavily influenced by a relative,
26% said friends and high school,,

courses, while only 14% said teachers
and high school counselors. Careful re-
search on the relative influence of

parents, teachers, and counselors on the
decision. of black high school students

to take advanced mathematics is in its
embryonic stage.

The perceived usefulness of mathe-
matics has often been stated as a factor
influencing how much mathematics a stu-
dent will take. Matthews (1980) report-
ed that black females viewed advanced
mathematics courses as essential when
preparing for college 'entrance require-
ments but not useful to their 'future
careers. Black males tended not to make
this distinction.

Overall, a few definitive reasons
can be given for the acute underrepre-
sentation of blacks in advanced mathema-
tics classes. Equally elusive is an ex-
planation for their consistent underach-
ievement on mathematics tests. Research
prograMs must begin immediately to ad-
dress these issues, including a study of
the learning environment of the mathema-
tics classroom. Careful investigation
of What teachers do, how they interact
with black students, and the effects of
this interaction on student& perfor-
mance is desperately needed.

Intervention Studies

During the last two decades, re-
search on minorities and mathematics
education _issues has been largely ne-
glected (Ortiz-Franco, 1981). Even in
1982, only a small number of research
studies aimed exclusively at the pro-
blems of blacks and mathematics can be
identified.

A project designed to 'motivate
black students toward careers involving
mathematics is Blacks and Mathematics
(BAM). BAM was funded by the Mathema-
tics Association of America and has
three major objectives:

1. to provide role models to encourage
more black students to consider
mathematics-based careers;

2. to influence counselors, teachers
and parents to direct more black
students into mathematics-based
careers in which blacks are under-
represented;

3. to inform students, teachers, gui-
dance personnel, and parents of the
large number and variety of careers
for which mathematics is a prerequi-
site.

BAM began its program during school year
1980-81. Results of this project are
unavailable at this time.
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Only Pour studies are found among
the more than 90 projects funded by the
National Science Foundation, Directorate
of Science Education, Division of

-Science Education and. Research, Fiscal
Year 1980, that plan to investigate fac-
tors related to mathematics ccurse-
taking among blacks and minorities.
These projects are listed below.

Permaul, Jane. Role Models for Adoles-
cent Girls in Science and Mathema-
tics.-7-69J5 79-19023) aaing Date
02-28-81.

Cohen, Arthur. Science Education for
Women Minority, and the'Physiciffi
Handicapped. Students in Community

Colleges. (SED 79-202T12) Ending
Date 12-31-82.

Scherrei, Rita. A Longitudinal Study of
Women and Minorities in Science and
Engineering. (SED 80 -17651 Ending
Date 05-31-82.

LeBold, William. Improving Access and
Guidance in Engineering: Research
into Contributing Factors. (SED 79-
19613) Ending Date 12 -31 -82.

The National Institute of Educa-
tion, through its Learning and Develop-
merit Unit, has funded a small set of
studies on minorities, and mathematics
education. Of the 19 projects funded,
seven address issues pertaining to

blacks or include minority students in
their samples. The findings of the four
projects listed below should add signi-
ficantly to current knowledge in this
area.

Gaston, Jerry. Factors Inhibiting
Science Careers for Black Women.
(NTE-G-78 -0139).

Johnson, Robert. Psychosocial Factors
Affecting the Mathematical Orien-
tation of Black Americans.
G=Tei=i50435)

Barrett, Cora. Minority Female Involve-
ment in High School Science and
Mathematics. (N1E=5=79-0110)

Morse, Linda. Relationship of Signifi-
cant Others, Parental and Teacher
Influences to the Deverciiiment of

Self- Concept, Science Attitudes and
Achievement Among Adolescent Girls.
(NIE-G-79-0159)

Future Directions

The problems discussed in this
paper are very complex and will require

66

a multitude of efforts if they are to be
solved. Mathematics educators, parents,
boards of education and the general pub-
lic all have a responsibility in this
problem-solving endeavor.

A major research thrust is needed
to document what the actual problems
'are, why they exist, and the extent of
their existence. Definitive reasons are
needed as to why 'black students are

failing to enroll in the mathematics
courses so important for success in a

mathematids related career. Are
parents, counselors, teachers, and
others really aware of the importance of
mathematics to the student's future?
_What actually happens in the elementary
school that contributes to a student's
decision to take only the minim= number
of mathematics courses needed for high
school graduation? Are teachers pre-
pared to teach to each student's
strengths and show evidence of realizing
that children process mathematics in

many different ways? It is encouraging
to see NIE begin to fund research in
this area tut a major comitment of re-
sources is needed.

Research paradigms that include

sociological factors and consider the

total context in which,, learning occurs
must be utilized. Cross-discipline
teams of researchers, including minority
researchers, must be formed. Further, a
new look at the usefulness of typical,
experimental-control designs using grasp
data must be taken. Many, of the ques-
'tions posed here must be bAlgoExed by

clinical studies involving individual
students through a case-study method.
Longitudinal studies are also called
for. New instruments must be designed;
instruments sensitive to the idiosyn-
crasies of black students. Matthews
(1981) points cut, correctly so, that we
have few, if any, test instruments, that
have been standardized on black samples.
Validity questions must be raised about
many instruments currently being used.

The results of our research must be
disseminated effectively to parents,
teachers, and others who influence the
decision making process of black stu-
dents. As we wait for the results of
research currently in progress, mathema-
tics educators must increase their ef-
forts to educate parents and the general
public of the mathematical plight of

black students. Mathematical educators
should take the lead in demanding that
teachers teach mathematics to all their
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students and that educational practices
which impact negatively on black stu-
dents, such as inflexible "ability
grouping" and the use of admittedly bia-
sed standardized I.Q. and achievement
tests be discontinued. Finally, teacher

training programs mast prepare teachers
to teach in multicultural settings.
Teachers need to know mathematics and
how to relate to black students. This
nation can no longer afford insensitive
teachers who blame the victim for his or
her underachievement!!!
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girls and cNatliematics
Elizabeth Fennema

Reston, Virginia
In order for me to write a "state

of the art" review about anything, I

have to believe that knowledge exists
which is socially significant, educa-
tionally important, and based on firm
scholarship. Without any one of these
three, it would be a waste of time for

me to write, and anyone else to read,

such a paper. I firmly believe that
there is knowledge about women and math-
ematics that meets these criteria.

The problem of women and matheTa-
tics is socially significant and educa-
tionally important. If one is committed

__to the belief that women should have the
same opportunity as do men to-partici-
pate in all aspects of society, then the
issue of sex-related differendes in

mathematics becomes vital. Without
adequate preparation in mathematics,
people are effectively filtered out of
most post-secondary education options
and an increasing number of jobs and
professions. The option of career ad-
vancement or change in adulthood is also
severely handicapped by a lack of math-
ematical training. While inadequate
training in mathematics hampers every-
one, many more females than males fail
to achieve their full potential in math-
ematics. This appears to me to be one
of the most serious inequities in educa-
tion that currently exists. Without
mathematical knowledge and skills, women
will never be able to achieve equity in
society.

There s a firm 'knowledge base
about women ani mathematics. There are
a great many data from a large variety

of sources'about enrollment patterns in
high sthools and universities. Data
about achievement by females and males
are available from national, state and
local assessments. Sex has been includ-
ed as a variable in mathematics educa-
tion research for decades and since
about 1974, studies have been done which
have. increased significantly the know-
ledge of factors related to sex dif-

ferences in mathematics. In addition,
many intervention programs have been de-
signed and implemented. These programs,
while in most cases of well evaluated,
have increased the intuitive knowledge
that many have about the extent of the
problem and procedures which might be
effective in its solution.

I am not going to review all of

*hest data and studies in this paper.
There are available other reviews with
you my synthesis of what the problem is

what causes it, and some possible solu-
tions. Hopefully, the synthesis is
based on the knowledge I have gained by
studying the problem intensively for
about a decade and through my contact
with many others involved in the area.
I would like to caution you, however,
that I plan to raise serious questions
about many ideas which permeate the rhe-
toric about women and mathematics. I am
deeply committed to achieving equity in
mathematics education for females, as
well as all other groups. However, I do

not believe that equity can be achieved
unless we base decisions for action on
firmly established knowledge.

What is the Problem?

There are three components of the
problem: participation in mathematics
courses in secondary and post secondary
years, , participation in adult
mathematics-related occupations, and
achievement or performance in mathema-
tics. While there have been sex-related
differences in the percentages of fe-
males and males who are enrolled in

mathematics classes in secondary
schools, the best information we have on
a nationwide basis is that these dif-
ferences are not dramatic until post
secondary education. Consider the in-

formation collected in two national sur-
veys and reported recently by Armstrong
(1981). While these data always show
that more males than females elect math-
ematics courses, with the differences
increasing at more advanced levels, such
differences do not appear dramatic--nor
do they explain the extreme differences
found in participation in mathematics
related careers.

Instead of data collected from a
nationwide sample, consider data col-
lected in a more restricted area the
State of Wyoming (1978). Indeed strong

. differences are evident in mathematical
preparedness between girls and boys.

What happens when we look at indi-
vidual schools rather than compiling
across the nation or state? Wide var-
iation in enrollment patterns exist,

with more females than males actually
enrollment in advanced mathematics
classes in some schools. I am convinced
that while enrollment trends may be en-
couraging on a broad scale, it is only
by looking at individual schools that
meaningful assessment of females' en-
rollment in advanced mathematics courses
can be made.

*Portions of this paper were presented at the American Association for the
Advancement of Science Annual Meeting, Washington, D.C., January 1982.
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Table 1

National Sex Differences in Participation in High School Mathematics Ccursesa

NAEPC

Females Males Females

wimd

Males

Algebra I 74 71 79 81

Gecmetry 51 52 55 59

Algebra II 36 38 42 54

Trigonometry 17 21 27 31

Probability/ 8 10 5 10

Statistics .

Computer Programming 8 10 13 18

Precalculus b = 18 22

Calculus 4 6 7 8

aFrcm Armstrong, J.M. Achievement and Participation of Women in Mathematics: Results of
Two National Survey. Journal for Research in Mathematics Education, 12, 5, Novem-
ber 1981, 356-373.

bPrecalculus and Calculus ccmbined.

bCollected by self report of 17 year olds.

dCollected by self report of high school seniors.

Table 2

Percent of College Bound Seniors Attaining Each of Sex
Levels of Mathematical Preparedness *

0

Percent

Level Female Male

1** 15 30
2 21 36
3 54 64
4 71 78
5 93 94
6 100 100

*Kansky, B., & Olson, M. Mathematical Preparation Versus Career Aspirations: Study of
Wyoming 1978 High School Seniors (The Science and Mathematics Teaching Center, Box
3992 University Station, Laramie, Wyoming 82071), p. 13.

**Level 1 is the highest level of mathematical preparedness.

From Fennema, E. The Sex Factors of Fennema, E. (Ed). Mathematics Education Research:
Implications for the 80's. Association for Supervision and. Curriculum Development
1981, pp. 92-110.
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All the data available indicate
that the differential enrollment is

greatest in post-secondary mathematics
courses and in all programs where math-
ematics is a key component (such as En7
gineering or Computer Science).4 By

adulthood, the vast majority of people
who use mathematics are male.

Differences in Achievement

Before 1974, most studies reported
male superiority in mathematics learning
(Fennema, 1978). These studies usually
used ramdom samples of females and males
in secondary schools. Since tradition-
ally, females have not chosen to study

mathematics as often as have males in
advanced secondary school classes, a

population of males who had spent more
time studying mathematics was being com-
pared to a population of females who had
studied less mathematics. Since the

single most important influence on

learning mathematics is studying math-
ematics, it would indeed be strange if
males had not scored higher on mathema-
tics achievement than did females.

During the 1974-78 years, there

were a number of studies published which
indicated that sex differences in favor

of males were not as strong as had been
believed previously. I hypothesized at
about this time that sex differences in
mathematics might be eliminated if

schools would somehow ensure that girls

elect to study mathematics as often as
boys did. However, within the last 2-3
years, a number of studies have been re-
ported which have made me at least par-
tially reject that hypothesis. These
studies have carefully controlled the
number of mathematics courses studied by
both girls and boys and have also used
it of differing cognitive complexity
to assess learning.

The California State Assessment of
Mathematics was done in 1978 (Student
Achievement in California Schools,
1978). Students in Grades 6 and 12 (12-
and 18-year-olds) who reported studying
the same number of mathematics courses,
were tested on a variety of content
areas with items of differing cognitive
levels. A committee was named to eva-
luate the results and concluded that

girls outachieved boys in computational
or lower cognitive level. tasks while
boys tended to score higher on higher
cognitive level tasks. Armstrong (1980)
collected data from a sample of students
from the entire U.S. and concluded,
"Twelfth grade males scored significant-
ly higher than females on the problem-
solving. subtest. Thirteen-year-old fe-
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males scored significantly higher on the
lower level mathematical Skill of com-
putation." The Mathematics Assessment
of the Second National Assessment of

Educational Progress indicated also that
females were somewhat better in computa-
tional tasks than were males, while
males outachieved females in higher
level cognitive taSks.(Fennema and and
Carpenter, 1981). Just how strong are
the reported differences. In a meta an-
alysis of studies dealing with quantita-
tive ability (which from an in-

spection of the studies used can be

roughly equated with mathematics ach-
ievement), Hyde (1981) concluded that
gender differences, while statistically
significant, are in i,cb aitii quite
small. Sex differences 2,2ctair,ted for

little of the variability ir

performance on the tests used in the

studies she reported.

One can only conclude from a var-
iety of sources that while sex-related
differences in achievement are not al-
way8 found, when they are found, they
indicate that boys outachieve girls in
high level cognitive tasks. Differences
in both course enrollment and achieve-
ment are very school specific. In some
schools, no differences are found, while
in others, differences are consistently
found.

Why Differences Exist

What is the cause of these sex-
related differences in mathematics, both
election to study, and achievement? In-

volved is the cognitive acquisition of
mathematics. by females, as well as the
attitudes or affective beliefs held by
females, male peers, parents and educa-
tors toward females as learners of math-
ematics. The cognitive and affective
components are so intertwined that it is
difficult if not impossible to separate
them. Not only are they intertwined,
but they are developed over a period of
years in a complex social matrix which
involves home, community, and school.
In addition to these social and educa-
tional influences, there has been in-
creasing discussion in the last few

years about the influences of genetic
variables. It is outside the scope of
this paper to. discuss the arguments
about genetic differences (See Stage,

1981; Fennema, 1981 for a' more thorough
discussion). However, the knowledge
base from which conclusions about gene-
tic differences are drawn is very small
and conclusions are usually based on
poorly interpreted data. In addition,
the the genetic argument, even if it
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were true, could never explain the large
differences found in participation in

mathematics-related careers. Therefore,
it is more sensible to focus on vari-
ables which are amenable to change.

One cognitive variable which many
believe might help in understanding sex-
related differences is spatial visuali-
zation, or the ability to manipulate
rigid figures mentally. Even though the
existence of many sex-related differ-
ences is currently being challenged, the
evidence is still persuasive that in

maiy cultures, male. superiority on tasks
that require spatial visualization is

evident beginnig during adolescence
(Fenno a, 1975; Maccoby and Jacklin,
1974). The relationship between mathe-
matics and spatial visualization is log-
ically evident. In mathematical terms,
spatial .visualization-requires rotation,
reflection, or translation of rigid fig-
ures. These are important ideas in geo-
metry. Many mathematicians believe that
all of mathematical though involves geo-
metrical ideas . (Bronowski, 1947).
Therefore, if spatial visualization
it are geometrical in character and
if mathematical thought involves geome-
trical ideas, spatial visualization and
mathematics are :inseparably inter-
twined.

Not only are spatial visualization
skills related to ideas within the
structure of mathematics, but spatial
representations are being increasingly
included in the teaching of mathematics.
For example, the Piagetian conserva-
tion tasks which are becoming part of
many school programs, involve focusing
on currect spatial attributes before
quantity, length, and volume are con-
served. Most concrete and pictorial re-
presentations of arithmetical, geometri-
cal, and algebraic ideas appear to be
heavily reliant on spatial attributes.
The number line, which is used exten-
sively to represent whole numbers and_
operations on them, is a spatial repre-
sentation. Illustrating the comnutati-
vity of multiplication by turning an ar-
ray 90 degrees, involves a direct spa-
tial visualization skill.

Although the relation between the
content of mathematics, instruction in
mathematics, and spatial visualization
skills appears logical, results from em-
pirical studies which have explored the
relationship are not consistent. Such
studies are usually correlational, which
gives little information on the impact
spatial visualization has on learning
mathematics. The hypothesis that I and
my colleagues are currently investigat-
ing is that the critical relationship
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between mathematics and spatial visuali-
zation is not direct, but quite indi-.
rect. In involves the translation of
words and/or mathematical symbols into a
form where spatial visualizaion skills
can be utilized.

We know that females tend to score
lower on spatial visualization tests
than do males. What. we do rot know is
if females differ from males in their
ability to visualize mathematics. Also
not known is if good spatial visualizers
are better at this translation than are
poor spatial visualizers. However, I am
increasingly convinced that there is no
direct causal relationship between spa-,
tial visualization skills, and the
learning of mathematics in a broad, gen-
eral sense. While I am continuing to
investigate the impact of spatial vis-
ualization skills I am less convinced
than I was that spatial visuali-
zation is important in helping under-
stand sex-related differences in the
studying and learning of mathematics.

Classrooms dOn't appear to use
mathematical representations which
either encourage or require the use of
spatial visualization skills. While
some primary mathematics programs en-
courage the use of concrete and pictor-
ial representations of mathematical
ideas, by the time children are 10 to 11
years old, symbolic representations are
used almost exclusively. Perhaps boys,
more than girls, utilize the concrete
representations during primary years,
and thus, develop higher skills in using
spatial visualization in learning math-
ematics. As far as I know, however, no
one is investigating a hypothesis.

Affective Variables

If sex-related differences in math-
ematics can't be explained by cognitive
variables, are there other variables
which will help? Several variables that
I label as affective provide important
insight into why females elect not to
study mathematics beyond minimal re-
quirements and are not learning mathema-
tics as well as are males.

Affective variables have to do with
feelings, beliefs, and attitudes. The
affective domain is a complicated one
and has received less attention than the
cognitive domain, partly because vari-
ables within this domain are difficult
to define, measure, and understand. All
too often, all affective vari-
ables have been lumped together into one
large conglomerate and labeled as atti-
tudes. However, this type of combining
often masks many important things.
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There has been an increasing amount
of literature published which deals with
specific affective variables and their
relationship to sex-related differences
in mathematics study (Fox et al., 1979;
Fennema, 1978; Reyes, 1980). Two well-
defined variables (confidence and per--.
ceptions of usefulness) are closely re-
lated to studying mathematics, and one
other complex variable (causal attribu-
tions) has been hypothesized to be an
important determinant of electing to
study mathematics ( Wolleat et al.,
1980).

Confidence in learning mathematics
is related to self-esteem in general.
High confidence in mathematics appears
to be located at one end of a continuum
and anxiety toward learning mathematics
at the other end. Confidence in math-
ematics is a belief that one has the
ability to learn new mathematics and to
perform well on mathematical tasks. It

often is measured by Likert-type scales
which include it such as: I am sure
that can learn mathematics; I can good
grads:, in math; or I'm no good in math.

The literature strongly supports
that fact that there are sex-related
differences in the confidence-anxiety
dimension. It appears reasonable to be-
lieve that lesser confidence, or greater
anxiety on the part of females is an im-

portant variable which helps explain
sex-related differences in mathematics
studying.

While evidence exists in abundance
that there are sex-related differences
in this confidence/anxiety dimension re-
lated to mathematics, much is unknown
about its true effect or how such feel-
ings are developed. The reltionship be-
tween spatial-visual processes and the
confidence/anxiety dimension has not

been explored. What effect do feelings
of confidence have on cognitive pro-
cesses involved in learning mathematics
and in solving mathematical problems and
vice versa? Are feelings of confidence
stable within individuals across time
and across a variety of mathematics act-
ivities? Does lessening anxiety in-

crease either learning or the willing-
ness to elect to study mathematics? Do
low levels of confidence affect females
differently than they do males? Are
there really sex differences in confi-
dence toward mathematics, or (as many

have hypothesized, Nash, 1979) are fe-
males just more willing to admit their
feelings than are males?

Currently, there are many studies
underway which will help in answering
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these questions. Until they are avail-
able though, one must just accept the
evidence that females, across a wide age
range, do report more anxiety and less
confidence toward mathematics than do
males.

Even when females succees in math-
ematics, they attribute their success to
factors other than their own ability,
such as luck, such more than do males
(Wolleat et al., 1980). Females' causal
attribution patterns are different from
those of males and causal attribution
theory holds promise in helping under-
stand sex-related differences. in mathe-
matics. Causal attribution has to do
with what one believes causes successes
and failures. In one model (Weiner,
1974), attributions of causes of success
and failure are categorized into a 2 x 2
matrix with locus of control (internal-
external) being one dimension, and sta-
bility and instability the other. 4

One can believe that success or
failure occurs in mathematics because
one is smart or dumb (ability), one tri-
ed or did not try (effort), the mathema-
tics one is doing is easy or difficult
(task), or one has or doesn't have a
good teacher (luck/environment).

Pattern of causal attributions af-
fect persistence in achievement-orineted
behavior. In a somewhat simplistic sum-
mary, if one attributes success to an
internal, stable dimension (ability),
then one expects success in the future
and will continue to strive in that
area. If one attributes success to an
unstale or an external cause (e.g. the
teacher), then one will not be as con -

'ident of success in the future and will
bd less apt to strive or persist. A
somewhat different situation is true of
failure attributions. If one attributes
failure to unstable causes such as ef-
fort, one might work harder the next
time and failure could be avoided. With
this situation, the tendency to approach
or persist at tasks will be encouraged.
Attribution of failure to a stable
cause, on the other hand, will lead one
to believe that failure can't be avoid-
ed.

While we mast be careful of over-
generalizing data and concluding that
all males behave one way and all females
another way, many studies have reported
that females and males tend to exhibit
different attributionsal patterns
(Deaux, 1976; Bar-Tal & Frieze, 1977).

Males tend to attribute successes to in-
ternal causes, and failures to external
or unstable causes. Females tend to at-
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tribute successes to external or unsta-
ble causes and failures to internal
causes. This attritutional pattern has
been observed in mathematics (Wolleat et
al., 1980)_as well_as in_other_areas_and
probably affects both long term persis-
tence (election of courses) and short
term persistence (sticking with a hard
problem). This particular combination
of attributions (success attributed
externally and failure attributed inter-
nally) has been hypothesized to strongly
affect academic achievement and, in par-
ticular, ferniest achievement.

Another effective variable which
helps explain females not electing to
take mathematics is the perceived use-
fulness to them of mathematics (Fox,

1980; rennema, 1973). Mathematics is a
difficult subject and not particularly
enjoyable for many learners. Why should
one study it if it is of no future use?
Females in secondary schools as a group
indicate that they do not feel

they will use mathematics in the future.
Females, more than males, respond nega-
tively to such it as: I'll need
mathematics for Ty future work or mathe-
matics is a worthwhile and useful sub-
ject. Males, as a group, are much more
apt to report that mathematics is essen-
tial for whatever career they plan. As

early as sixth grade, these sex diffe-
rences appear. If females 'do not see
mathematics-related careers as possibi-
lities, they will also not see mathema-
tics as useful.

In addition to indicating more
negative beliefs than do males on these
specific affective variables, females
also report that they perceive that par-
ents, teachers, and counselors are not
positive toward them as learners of

mathematics. In addition, males, more
than females, starting at least as early
as grade six, stereotype mathematics as
a male domain at much higher levels than
do females.
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Society's sterotyping of mathema-
tics as a male domain, is at least a
partial cause of girls' less positive
attitudes toward mathematics. While fe-
males deny that mathematics is a male
domain, everything else in society is at
variance with this denial. Of course,
the main users and teachers of mathema-
tics are male. Male peers, much more
than females, say that mathematics is a
male domain. Evidence also exists in
abundance (Fox, 1980) that parents,
teachers, and counselors believe that

mathematics is a more appropriate acti-
vity for males than it is for females.
These beliefs are undoubtedly communi-
cated to girls in a variety of subtle
and not so subtle ways. Mathematics is
perceived to be inappropriate for girls.
It seems logical to believe that when
young girls feel mathematics is inapprcr
priate, they will feel anxious about
succeeding in it and have more negative
attitudes because they must, at least
partially, deny their femininity in or-

der to achieve in mathematicst

While the evidence is strong that
there are sex-related differences in

confidence in mathematics, perceived
usefulness of mathematics and causal at-
tributions of success and failure in

mathematics, I'm always somewhat puzzled
as to what implications such knowledge
has for planning change. I have no
trouble saying and believing that fe-
males should learn mathematics to the
limits of their ability, that if they

were more confident, they would learn
mathematics better, and that if they

perceived mathematics as more useful or
attributed success and failure differ-
ently, they would persist in studying
mathematics. Certainly just having that
knowledge gives me only limited per to
promote change. Changing beliefs and
actions by learners, while not impossi-
ble, is difficult. However; educational
systems can promote such change, and an
understanding of how schools influence
females' beliefs about mathematics is

helpful.
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Educational Variables

While the entire social milieu in-
fluences how well one learns as well as
how one feels about mathematics, the
most important influences occur within
the classroom where mathematics is
taught. Learning environments for girls
and boys within classrooms, while ap-
pearing (A° be the smme, differ a great
deal. The most important component of
the learning environment is the teacher.
Part of the teacher's influence is in
the learner's development of sex role
standards. These sex role standrds in-
clude definitions of acceptable achieVe-
ment in the various subjects. The dif-
ferential standards for mathematics ach-
ievement is cammunicated to boys and
girls through differential treatment as
well as differential expectations of
success. To start with, teachers inter-
act more with boys than they do with
girls. Boys generally receive more
criticism for their behavior than do
girls and boys also receive more praise
and positive feedback than do girls.
Boys just seem to be more salient in the
teacher's view than do girls.

Many people feel that differential
treatment of girls and boys is a result
ilartially of differential teacher expecr-
tation of success or failure by girls
and boys. The relevant discussion goes
something like this. Because of society
beliefs that males are better at mathe-
matics than are females, teachers expect
that boys will understand high cognitive
level mathematics better and girls will
do better on low level mathematics tasks
like canputation. This belief is com-
municated in a variety of subtle and not
so subtle ways to both boys and girls.
For example, a teacher might encourage
bays more than girls to stick with hard
mathematical tasks until solutions are
found. The teacher, with good motiva-
tion about preventing failure, assists
the girls more than boys to find the
solution to hard problems. Teachers
might call on boys more often to respond
to high level cognitive questions and
call on girls more often to respond to
low level tasks. If this type of be-
iMmior occurs, boys and girls could in-
tuit that boys were better at high level
cognitive tasks and girls were better at
low level cognitive tasks. Not only

could studants conclude that such mathe-
matics was more important for boys since
teachers encouraged boys more than girls
to succeed in such tasks. In addition
to these subtle messages boys would
actually be practicing high level cogn-/
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itive tasks more than would girls.
Since students learn what they practice,
boys would learn to do the problem-
solving activites better than would
girls.

The hypothesis of differential
teacher expectation is intuitively log-
ical and indeed, Brophy and Good (1974)
.report that teachers' expectacies are
related to the way they interact with
students. An interesting study by

Becker (1981) which was done in 10th
grade geometry classes, confirms this
also. Becker hypothesizes that the sex-
related differences she found in teach:-

er/student interactions were strongly
related_Io_differential_teacher.expec
tancies. However, other studies design-
ed explicitly to examine teacher 'ex-
pectancies report that teachers have
higher expectancies of success for girls
than for boys (Fennema et al., 1980).
Once again, no clear cut conclusion
about teacher expectancies of girls and
boys in learning mathematics can be
reached.

The problem of differential treat-
ment of male and ferule students by

teacher is well documented and I have no
doubt that it strongly influences learn-
ing. It is easy to conclude that, but
the longer 1 study the problem, the more
complex it becomes. Most overt behavior
by teachers appears to be nonsexist and
pair to most students. In many cases,

teachers interact more with boys because
they feel they must to maintain control.
Many negative interactions occur between
boys and teachers. On the surface,
teachers' interaction with girls are
more positive and what I have always
considered to be good educational prac-
tice. However, the end result appears
to be negative. I believe that at least
a partial result is that females, more
Co than males, are not reaching one of
the important goals of mathematics educ-
ation, that of becoming thinkers who are
independent problem solvers and who do
well in high level cognitive tasks.
Girls, much more than boys, fail to be-
came autonomous, in mathematics. This
is indicated girls' more negative atti-
tudes related to the ability to perfonm
high level cognitive tasks, specifi-
cally, confidence in learning mathema-
tics and attributional patterns which
indicates lack of control in mathematics
outcomes as well as lowered performance
in problem-'solving tasks. In order to

became increasingly autonomous one must
develop confidence in one's ability to
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do difficult learning tasks and also be-
lieve that one is in control of the out-
comes of achievement striving.

Not too much is known about how one
becomes an autonomous learner. It is
believed that dependent/independent be-
haviors are developed by the socializa-
tion process, mainly with social inter-
actions. Young girls, more so than
boys, are encouraged to be dependent.
Girls receive more protection and less
pressure for establishing themselves as
individuals separate from parents. Be-
cause of this, girls are less likely to
engage in independent exploration of
their, worlds (Hoffman; 1975). Because
of the sex-typed social reinforcement of
dependent/independent behaviors, child-
ren enter school with girls tending to
be more dependent on others and boys
tending to be more self reliant. What
appears to happen is that schools merely
reinforce and further develop in girls
and boys the dependent/independent be-
haviors they bring to school. This set
of behaviors is particularly apparent in
mathematics.

What prohibits girls, more than
boys, from becomeing autonomous learners
of mathematics? It would be nice if an
answer to this question could be written
which would be both acuirate and easily
understood, but that is not possible.
The factors that cause behavior are
many, varied and interact in a complex
way. Indeed, there probably are as many
combinations of causative factors as
there are individuals. Many influences
on development of behaviors are subtle
and difficult to identify. Aowever, I
firmly believe that a large component of
development of autonomous learning be-
haviors in mathematics takes place in
mathematics classrooms.

Changing Schools

Can schools be changed so that fe-

males learn better and elect to study
more mathematics? All too often, com-
ments are addressed to me that imply
that schools can't do much. The argu-
ment goes Ike this,. Becaue mathematics
is stereotyped male, and because stereo -
typing of sex roles is so deeply embed-
ded in society, schools are powerless to
improve females' studying of mathematics
until society changes., Let me say as
loudly and emphatically as I can that
the argument is fallacious. Schools can
increase females' studying and learning
of mathematics. Let me cite some evi-
dence that shows strongly that schools
can be effective. I want to talk speci-

fically about two intervention programs
in the U.S. that have been intensivey
evaluated. The first program, called
MULTIPLYING OPTIONS AND SUBTRACTING BIAS
is aimed specifically at increasing fe-
males' belief of the usefulness of math-
ematics (Fennema et al., 1981). The
rationale behind this program is that
merely telling high school females about
the importance of mathematics is insuf-
ficient. Forces which influence these
girls to make their decisions are com-
plex and deeply embedded in societal be-
liefs about the roles of males and fe-
males. Asking adolescent girls to
change their behavior without changing
the forces operating upon them would
place a very heavy burden on their
shoulders. Whit---§blo'd be done is to
change the educational environment of
these females so that they can recognize
the importance mathematics. MULTI-
PLYING OPTIONS SUBTRACTING BIAS was
designed to oki.nge four significant
groups' beliefs and behavior about women
and mathematics.

MULTIPLYING OPTIONS AND SUBTRACTING
BIAS is composed of four workshops: one
each for students, teachers, counselors,.
and parents. Each of the four workshops
is built around a unique version of a
videotape designed explicitly for the
target audience. Narrated by Mario
Thomas, the tapes use a variety of for-
mats, candid interviews, dramatic vig-
nettes, and expert testimony to describe
the problem of mathematics avoidance for
the target audience. The videotapes and
accompanying workshop activities make
the target audiences aware of the
stereotyping of mathematics as a male
domain which currently exists, females'
feelings of confidence toward mathema-
tics, the usefulness of mathematics for
all people, and differential treatment
of females as learners of mathematics.
Discussed specifically are plans for
action by each group. The workshops,
each of which is about two hours long,
are designed to impact on a total
school.

An extensive evaluation of this
program (Fennema et al., 1981) indicated
that the MULTIPLYING OPTIONS AND SUB-
TRACTING BIAS series can substantially
influence students' attitudes at
mathematics, the sterotyping of mathema-
tics and their willingless to take more
mathematics courses.

The other intervention program is
one developed, planned and implemented
by the San Francisco Bay Area Network
for Women in Science (now called the
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Math/Science Network). The Network is a
unique cooperative effort undertaken by
scientists, mathematicians, technicians,
and eduators Pram 20 colleges and uni-
versities, 15 school districts, and a

number of corporations, government agen-
cies, and foundations. The goal of the
Network is to increase young, women's
participation in mathematical studies
and to motivate them to enter careers in
science and technology. While the eval-
uation was much more extensive than I am
reporting, I would like to report to ycu
the evaluation of seven conferences
which took place in the spring of 1977
and 1978 (Perl &Ctonkite. 1979). Sup-
ported by the Women's Educational Equity
Act of the federal government, these
conferences were designed to increase
the entry of women into mathematics/
science-oriented careers.

These one -day conferences involved
bringing junior and senior high school

girls together in a central location.
They were presented with a general ses-
sion with a panel or main speaker, one
or two hands-on science/mathmatics work-
shops, and one or more career workshops
which provided opportunities for inter-
action with women working in

math/science-related fields. Subjects
of this evaluation were 2,215 females
who volunteered to attend the confer-
ences. Pre-and post-conference ques-
tionnaires were administered and re-

sponses analyzed. The evaluators con-

cluded that "the conference (1) increas-
ed participants' exposure to women in a

"areity of technical and scientific
fields, (2) increased participants'
awareness of the importance of taking
mathematics and science-related courses,
and (3) increased participants' plans to
take more than two years of high school
mathematics."

The two intervention programs de-
scribed indicated quite clearly that it
is possible to.change females' mathema-
tics behavior, -and to do so in relative-
ly short periods of time.

Conclusion

Let me start the concluding remarks
with some unproven statements that I of-
ten hear.

1. Females prefer to learn their
mathematics in classroom discussions.
Males prefer to work individually.

2. Classroom interactions are more
important to females than they are to
males.

3. Females are passive; males are
active.
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4. Female teachers teach mathema-
tics more poorly than do male teachers.

These conclusions come from intuitive
belief, isolated studies, and/or a poor-
ly done or interpreted piece of research
(see Fennema, 1981, for an expanded dis-
cussion).

Statements such as these are caUs-
ing me major concern. Am I, and others
who are deeply concerned with helping
women achieve equity helping females to

achieve true equity in mathematics edu-
cation? Or are we helping to perpetrate
the myth that there are large and non-
changeable sex-related differences in

mathematics? Are we, indeed, creating a
new mythology of female inadequacy in
the learning of mathematics?

There are some statements which I

believe are based on sound evidence.

1. There are still sex - related

differences in electing to study mathe-
matics in high school. While not as
dramatic as were once suggested, females
tend not to study, as much as do males,

the most advanced mathematics courses
and courses peripheral to math, such as
computer science, statistics, and phy-
sics. It appears that the size of the
differences varies tremendously by

school and' by region of country. At the
post high school levels, differences are
still large.

2. Even when amount of mathematics
studied is controlled, females appear
not to be learning mathematics as well

as are males in some instances. That
trend should be of concern to us all.
When females excel, it is in lower level
cognitive tasks. Even when females and
males report they have been enrolled in
the same mathematics courses, males per-
form better on more difficult and com-
plex tasks.

3. There are psychological vari-
ables which nay help in understanding
sex-related differences. Females, as a
group, more than males, as a group have
less confidence in learning mathematics,
perceive mathematics to be less useful

to them, and attribute successes and
failures in mathematics differently.

4. The classroom learning environ-
ments are different for females and
males in a variety of ways.

5. Males perform better than fe-
males on tests of spatial visualization
although the impact of spatial visuali-
zation on the learning of mathematics is
largely unknown.
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6. Within schools lies a major
portion of causation of sex-related dif-
ferences in mathematics.

This last statement, while sounding
unduly harsh to many, is the most posi-

tive thing I have said in this paper,
and indeed makes the problem of females
and mathematics solvable. Schools can
influence what happens. Schools do make
a difference. Schools can solve the
problem of females and mathematics.

Reference Note

Lantz, Alma Strategies to increase mathematics enrollments. (Prepared for the National

Institute Of Education). Unpublished manuscript, ESR Associates, Inc., 1980.
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Ilispagic %Indult-6 and Matliematics
Leonard A. Valverde

Austin, Texas
The Problem

The problem generating this paper

can be simply stated as follows: A sub-

stantial majority of Hispanic students

enrolled in public schools across the

country have not achieved adequately

with regard to established criteria, nor
comparably with their white cohorts in

mathematics as determined by standard-

ized tests or other means used to mea-

sure success, i.e., aairse grades,

enrollment in advanced mathematics
courses, percentages of math majors, de-

grees earned in mathematics, or repre-

sentation on math-related occupations.

Since the stat(-4 of underachievement in

schools by HiF. mics has been well docu-
mented and generally known by educators,
verification of this unacceptable status
warrants only minor treatment in this

paper.

In order to show the magnitude of
the cordition facing educators and being
endured by past and present generations

of Hispanic ycungsters, enrollment num-.

bens and projections of Hispanic student
enrollment are helpful. In 1979, the

United States Census Bureau reported

that there were 3.5 million Hispanics
between the ages of 5 and 17 years. A

study conducted by the National Center

for Educational Statistics projected

that the 1980 2.4 million limited-

English-proficient (LEP) children ages

5 to 14 will increase to 2.8 million in

1990 and to 3.4 million by' the year
2000. Spanish LEP's move from 1.8 mil-

lion or 71 percent of all LEPs in 1976

to 2.6 million or 77 percent of all

LEP's in the year 2000. Concurrently
with this projected increase of Hispanic
student enrollment in public schools,

two counter-productive phenomena .cm-

tinue to persist. One event is chat

Hispanic students continue to leave

school prior to satisfacotrily complet-
ing all twelve grades. For example, in

1971 the U.S. Commission on Civil Rights
reported that 40.7 percent of Mexican
Americans residing in the five south-

western states did not complete high

school (Commission Report II). In 1976

or five years later, 9.6 was the median

years of school completed by Hispanics

while 12 years was the median for the

total population (U.S. Census, 1977).

While Mexican Americans are only one

sub-group of the Hispanic' population,
they represent 65 percent of the total

Hispanic population; the largest sub-

group (Census, 1979).

Paralleling the ,early -withdrawal -

from- school phenomenon is the underre-
presentation of Hispanics in mathematics
and science courses in junior and senior
high schools. While no data were found
specifically showing Hispanic percen-

tages of enrollment in elected or ad-

vanced mathematics and science courses,
two studies lend some support for under-
enrollment in such classes. Results of

the 1977-78 National Assessment of Edu-
cational Progress (NAEP) reveal that the
majority of 17-year olds took only two
years of mathematics courses and black
students appeared to take about one year
less of high school mathematics (Anick,
Carpenter & Smith, 1981). Hispanic en-
rollment in mathematics e courses proba-
bly reflects more the black student pet-
tern than the white student enrollment.

In a study conducted in Tucson, Arizona
with focus on attitudes toward science,

MacConquodale (Note 1) concluded that

many Mexican American junior high stu-

dents stop taking mathematics and

science courses after they had completed
the minimum requirements.

With regard to mathematicS achieve-
ment by Hispanics, the second mathema-
tics assessment by NAB) graphically

showed that in terms of student out-

comes, serious inequities exist in the
mathematics education of Hispanics and
blacks. For 9-year old Hispanics, the
NAEP indicated they were 9 percentage
points behind the national average; 13-

year old Hispanics were 13 percentages
below, and 17-year old Hispanics were 12
percentage points behind the national

average (Anick et al., 1981).. Assess-
ment by states Hispanic mathematics ach-
ievement may reveal a worse set of

scores. For example, Texas has approxi-
mately 974,000 Mexican American students
enrolled out of 3 million or 30 percent,
and the 1980-81 results of a state man-

dated testing program called Texas As-
sessment of Basic Skills (TABS) show
that the percentage of Hispanics achiev-
ing mastery in mathematics in grades
nine and ten are 60 and 46 respectively.
In conparison to their white Texas
grade-level peers, Mexican American are
24 and 9 percentge points behind at each
grade level assessed (Texas Education

Agency, 1981).

Before leaving the discussion of
mathematics achievement by Hispanics, it
is important to point out early that one
trend appears to exist even though the

above statistics do not reveal it:

While = Hispanics are achieving less in

mathematics in comparison to their white

cohorts, they are scoring better than
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most other minority groups with the ex-
ception of Asian Americans. Also when
comparing Hispanic mathematics sores to
other scores made by Hispanics on skills
such as reading or content areas such as
social studies, the mathematics scores
appear to be slightly better for Hispan-
ics.

Finally, documentation of inade-
quate participation in mathematics by

Hispanics can be illustrated by under-
representation in mathematics-related
occupations. As with other minority
group members, Hispanic professionals
are concentrated in education, public
affairs, and the social sciences (Na-
tional Science Foundation, 1980). More
telling, of the 44,800 mathematicians
reported in the 1970 labor force, only
637 or 1.3 percent were of Spanish sur-
name origin (Vetter & Babco, 1975).

All of the above information goes
toward characterizing the problem to be:
Hispanics are not proportionately parti-
cipating in mathematics education nor
are those few who are partaking in math-
ematics doing so to a satisfactory
level. Consequently, Hispanics are
grossly under-represented in mathematics
-related careers and, as a result inequi-
ties in society continue to prevail.

Rooting the Problem

Since the problem in the foregoing
discussion has been defined to be three-
fold (disproportional participation in
mathematics education, under-achievement
in mathematics, and under-representation
in mathematics -related careers), it
seems wise to separate the discussion
about possible causes to coincide with
each of these three problem areas.

As has tried to be shown, Hispanic
student underparticipation in mathema-
tics education is only one problem of
the greater concern, i.e., early exit
from schooling and general underachieve-
ment in most academic subjects. The
question of why the holding power of
schools with regard to Hispanics is weak
has been responded to in multiple ways.,.
The United States Commission on. Civil

Rights, 1971-74 studies on the Mexican
American experience'in schools in the
southwest (probably the most comprehen-
sive study conducted on any Hispanic
group) ties the weak school holding
per to negative attitudes and treat-
ment by school personnel toward Mexican
American student. Briefly but specifi
cally, time Commission's study carefully
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documents the following unjust prac-
tices: creating and maintaining inade-
quate and segregated school failities,
disproportionally high school suspen-
sions, excess amount of corporal punish-
ment, exclusion from extracurricular
activities, unwarranted placement in EM11
classes, high concentration of placement
into non-academic tracks, over-reliance
on grade retention, and until more re-
cently, the prohibition of the Spanish
language on school grounds. Further-
more, the U.S. Commission and other
researchers contribute the results of

such unfavorable treatment to be moti-
vated by prejudicial attitudes, stereo-
typic thoughts, and racial feelings har-
bored by school administrators and
teachers toward Hispanic and other min-
ority group members. Such cognitive and
affective attributes do not solely re-
side with educators. Legislators also
manifest such beliefs by drafting and
maintaining state laws which skew school
finance formulae against districts en-
rolling a majority of minority young-
sters. Laymen elected or appointed to
hold state or local school board posi-
tions also institute policies which ad-
versely affect minority student popula-
tions, like adopting an English-
as-a-second-language program only for
LEP's rather than a bilingual education
program.

Discontinuation of the above prac-
tices has occured only recently, unfor-
tunately not sufficiently and primarily
sporadically. While these unwanted
policies, practices and treatment have
been reduced, mainly due to litigation,
favorable alternatives have been slow to
emerge. More about constructive pedago-
gical approaches will be presented later
in this paper.

Before discussing possible explana-
tions for Hispanic underachievement in
math education, discussion will address
the underrepresentation of Hispanics in
mathematic - related careers. As was
Rresented earlier, and will be elabor-
ated on in the next section, the dispro-
portionately large number of Hispanics
not participating in mathenatics-related
careers is primarily due to the inade-
quate accumulation of mathematics educa-
tion or an insufficient amount of math
preparation. It is important to examine
the factor of motivation wEen discussing
persistence, especially when viewing the
subject of mathematics. Contrary to the
ooarronly held perception that minority
students have lower occupational aspira-
tions than their white peers, research
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by Anderson and Johnson (1971), Espi-
noza, Fernandez and Dornbusch (1977),
and Juarez and Kuvlesky (1969) indicate
the opposite. Furthermore, these same
researchers found that parents of His-
panics view the importance of education
for their children as much as Anglo
parents. Not only do Hispanics consider
school to be of high value, but they
also link success in school with success
in the world of work (Espinoza et al.,
1977). When MacCorquodale (Note 1) ask-
ed junior high school students in Tucson
how important science was in terns of
the work they expected to do, Mexican
American males perceived science as the
most important. While no studies were
found providing information about His-
panic students' attitudes toward mathe-
matics, Anick et al. (1981), when
analyzing NAEP data, found that black
students like mathematics , thought it
was important, wanted to do well and
would work hard to do so, in addition to
wanting to take more mathematics and
even entering a career using the sub-
ject. While no direct relationship can
be made between black attitudes toward
mathematics and Hispanic students, it is
encouraging to note that Hispanic educa-
tional status and experience are most
simiar to the black education ex-
perience. Consequently, thp
want of studies available in-

dicate the problem locus of under-
representation of Hispanics in

mathematics-related careers is not with-
in the Hispanic personality.

Underinclusion of Hispanics in

mathematics-related careers can better
be attributed to external variables like
the lack of role models. Role models
are important since their presence indi-
cates to students the likelihood of
their entering the profession. More-
over, role models have the opportunity
to become mentors, identifying and enr
couraging students to move toward cer-
tain careers. As students enter college
and came closer to entering the profes-
sion, role models can becane sponsors,
providing aspirants with counsel about
how to acquire a position. While the
function of counseling can and is as
sumed by role models, it is directly and
primarily the task of school counselors.
Yet, experience, literature on school
counselors, and studies conducted on
school counseling reveal that because of
high school student to counselor ratios
and traditional stereotypic views of
minorities, Hispanics have minimal con-
tact with counselors, and what lttle

time is spent with them is not devoted
to educational and/or career planning.
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Finally, small numbers of Hispanics
are found in math-related careers be-
cause of discriminatory hiring practices
and because of minimal career informa-
tion provided by schools. Students in
rural schools and barrios of large urban
cities are poorly informed about the
various kinds of occupational roles and
educational requirements for most of

these work stations.

Generally, discussion about the
probable factors causing underachieve-
ment of Hispanics in mathematics is usu-
ally speculative in nature. Discussion
of likely causes is ...7 grounded in em-
pirical findings si because there
has been very little r!search conducted
to uncover the variables producing this
inequitable learning condition. How-
ever, while research is not available,

the literature seems to be consistent in
identifying the most likely factors and
consensus even exists as to what inter-
vention needs to be pursued if this
underachievement is to be eliminated.

A review of the literature has
identified five probable factors which
could explain the underachievement sta-
tus recorded by Hispanics in mathematics
education. The five factors are lan-
guage, cognitive learning styles, in-

structional methods, curricular material
Ind teacher adequacy. While each of
these factors will be discussed
FAIirerately, in practice they are inter-
r7,1ated, and consequently it is diffi-
cult to determine which contributes and
to what degree, to learning or lack of
learning.

Language is a manifestation of cul-
ture; it both represents a group's so-
ciety and creates present and future
reality for the individual. With regard
to learning, at minimum language is a
mediator of concept development, and at
most a deferminatnt of concept forma-
tion. Concepts are categories of gem
eralizable or related facts. Language
is a coherent set of symbols used to
label concepts and provide a quick ref-
erence and meaning to concepts. Concept
learning at some stage involves word
association between a concept and the
concept name (Underwood, 1966). Discus
sion of concept development is relevant
because as is obvious, Hipanics have a
culture and language (Spanish) which is
different from mainstream America. Also
remember that of the 3.5 million Hispan-
ic students approximately 2 million are
limited-English-proficient. Consequent-
ly, it is crucial that mathematics con-
cepts be presented to LEDs in the lanr
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LEPs in the language they are most
proficient in. It is well known that

there are few bilingual teachers able to
communicate with and instruct children
proficient in a language other than

English.

The phenomenon of culture connects
the langugage instruction variable with
the curriculum variable. While most
educators agree that mathematics is the

subject most culture-free, it is not

devoid of representing cultural biases.
For example, Bradley (1981) asks to what
extent is mathematics culturally biased
since logic is a major strand in mathe-
matics, and (b) is not logic organized
differently by cultural groups? Fur-
thermore, according to Maria (1961:6),
"mathematics is concerned with the study
of relationships of ideas that man has
abstracted from observation of the phy-

sical world and has generalized by ra-

tional reflection." Not all cultures
interpret the physical world nor gen-

eralize about it in consistent ways.

Differences between cultural groups have
implications to the teaching of mathema-
tics in two areas: curriculum materials
and instruction. The way math concepts
are presented in textbooks may be incon-
sistent with how immigrant Hispanic stu-
dents have been introduced to certain
concepts (Castellanos, 1981). This in-
consistency may cause confusion in the
student's mind and delay his/her under-
standing. Also, Tsang (1981) states
that the curriculum should reinforce
what has been learned previously and

introduce new concepts based on previous
knowledge. Immigrant students come from
different cultures and are products of
the educational system of their respec-
tive countries. The curriculum revision

effort of the last two decades in the
United States has led to significant
differences between the mathematics cur-
riculum of the United States and of

those of many other countries. Finally,
with regard to the teaching of mathema-
tics, Lovett (1981) while indicating
that mathematics is culture-free, states
that the teaching of mathematics takes
place in a cultural context. Moreover,
he continues that good mathematics
teachers have searched for the mathema-
tics existing within the real world
experiences of their students and have
tried to ipcorporate such experiences in
their teaching.

The amount of learning acquired by
any student is most directly correlated
to teacher quality. Castaneda (1981),
along with others such as Gallegos
(981) and Serna (1981), argues that the
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teachers' attitudes toward mathematics
and the teaching of mathematics need to
be changed to be more positive and

constructive, She also states that

teacher training should include mathema-

tics content, information about the

learning characteristics of young child-
ren, and methods of mathematics teach-
ing. Such training would help teachers
to combine what they know about math
with their knowledge of pupil's learning
traits, and to acquire skills that would
facilitate selection of math content and
instruction that honor the young child's
natural modes of learning.

Pcssiuly, the most potent factor

related to achievement and consequently
having the greatest promise for program
intervt%tion and remediation is the cog-
nitive styles of Hispanics. While Cas-

taneda only argues for teachers to be

r"epared to match student learning char-
a..t,.ristics with mathematics concepts

methodology, Ramirez and Castaneda
(1974) propose a specific cognitive

style which may map with Hispanics and

therefore have significant pedagogical
implications. As a result of their re-

search, Ramirez and Castaneda suggest

that children from certain cultural

groups may be more field dependent,

i.e., view their environment as unified

and having an inherent order. In con-

trast, field independent persons appear
to view situations in distinct parts and
apply structure even when no order is
readily apparent. Under this dichotomy,

Hispanics tend to be more field depen-
dent. Lovett (1981), in his writing
about the mathematic teacher's role in

bilingual education, points out that

there are three aspects of field depen-
dency which have direct bearing on the

teaching of mathematics: One, field

dependent students may learn mathematics
more readily where the teacher provides

a high degree of guidance, clearly

states the outcomes, and structures the
lesson. Two, presentation of materials
or materials favoring social content

seen to be More attractive to field de-

pendent pupils. And three, working to-
gether and minimizing competition is a

learning mode more conducive for fielu

dependent youngsters. It appears that

mathematics education has been organized
to favqe the field independent rather
than the field dependent, i.e. open

ended discovery rather than definite
outcomes, individualization of instruc-

tion rather than group learning, and

competition more so than cooperative

activities.



Intervention Strategies:
Uprooting the Problem

Ao effort to identify intervention

programs attempting to remediate the

banal learning of Hispanics in mathema-
tics produced no results. While no re-
ports were found in the literature,
there have been and probably are a few
experimental mathematics programs with
focus on Hispanics. Most of these few
programmatic efforts have been directed
at curriculum development and have been
school district initiated. It is safe
to state that no prominent mathematics
project has been designed and implemen-
ted with the primary purpose of testing
teaching strategies applicable to His-
panics learning mathematics better. The
search did, however, uncover a potpourri
of studies and a few proposals.

Trevino (Note 2), in her 1968 dis-

sertation study°which assessed the ef-

fectiveness of a bilingual program in
the teaching of mathematics in the pri-
mary grades in one south Texas school
district, found that in all cases the

scores of Spanish-speaking children
taught bilingually were higher than the

scores of Spanish-speaking children
taught exclusively in English. This
finding is supported by two studies, one
conducted by Coggland and Cuevas (1979)
and the other by DeAvila (1979). It is

also the most consistent finding,
bilingual students do better in mathema-

tics achievement than LEP and monolin-
gual English-speaking students when
taught in their mother-tongue and En-

glish. This finding even extends to the

college -ago pupil. Gerace and Mestre
(Note 3) are examining college-age
Spanish-speaking students majoring in

technical subjects and report that their
performance on mathematical skills is

strongly related to language profi-
ciency, more so than for monolinguals.

Research presently being funded by

NIE provides educators and curriculum
writers with insight about what re-

searchers conside' ) be necessary know-

ledge in order t, ;

programs which will. OVe:t 2r:Tieg=telall

achievement of Hispanics in mathematics.
The team of Gerace and Mestre (Note 3)
is ir.9tigating the cognitive processes
of ten ninth-grade Hispanic bilingual
students learning Algebra 1. They anti-
cipate that their findings will aid in

the designing of mathematics curricula

for bilingual students and in helping
bilingual students become aware of suc-
cessful strategies and common avoidable
errors. In other research, Orvik (Note
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4) is directing an interdisciplinary re-
search effort into the nature or mathe-
mat ics csmcfrg and learning across cul-
tures the generation of hypo-
theses about the cognitive characteris-

tics of learners and teachers; the na-
ture of mathematical tasks; and teacher-
/learner social interaction in cross-
cultural situations. Still another re-
searcher, Saxe (Note 4) is exLJdning
r=listiligu:lnd and bilingual

ages 3-14 from middle and lower class

Spanish/ -
English children

families. Among many anticipated find-
ings, hogefs to discover speolta cOMr

inner city bilingual
children and to illuminate early sources

levels of preparedness

olfeadrin:::7

of children to engage in mathematics
differences in

but which have bearing

directed at non-Hispanic PoiPulations
There are other

on aspects per-
tinenttinent to Hispanics. Such research will

not be discussed here because of the
.

lack of space.

Besides the scant research mention-
ed, two proposed intervention programs
were found. Hernandez (Note 5) express-
es dissatisfaction

,

and mathematics

with most
T-1

research
being conducted with regard to Hispanics

because such effort is
aimed at identifying the primary 6.,se
of underachievement and diverts atten-
tion from designing progranms to in-
crease mathematics achievement for His-
panics. Instread, she
for change ha

proposes a model
hazed on positive directions

to improve instruction. Specifically,

she argues for Bloom's TA ,-??,..ning for Mas-

tery model as an approach that can be
implemented now to ensure increased
mathematics achievement. Possibly hav-
ing the same motivation as Hernandez,
Ortiz-Franco (Note 6) makes some sug-
gestions for inclusions when developing

an intervention program for precollege
min city students who are interested in
pursuing mathematics /science careers.
His suggestions are not based on re-
search targeted at Hispanics, but based
on intervention programs designed to in-
crease the participation of white women
in mathematics- related careers. In gen-
eral, he discusses internal and external
variables found to be important in
intervention prograMs but comments cr!
rectly that spcific implementation of
such variables are dependent upon on-
site circumstances,
ing none.

consequently offer-

Consequently, a review of the scant

finding
Improve the academic learn-

Zsziajicigwt literature reveals

learn-
ing of Hispanics in mathematics are min-
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taxa and knowledge of remedial instruc-
tional programs suited to help Hispanics
learn more mathematics is even less.

Research and Program Recommendations

It is recommended that a balanced

and concurrent two-pronged approach be

taken to bring about improved mathema-

tics education Porto Hispanic students.
prong, the major of the two, be re-

f:rch lad the second prong be experi-

Tf-7, -facts. As the research cony
a substantial volume of

knowledge it should reduce in

a the second prong becomes the
tor effort, i.e., program Implementa-

tion. The research focus should revolve

around three dimensions: (a) the His-
panic child's cognitive and affective
style, (b) methods of teaching mathema-

tics to Hispanics and (c) scope, se-
quence and formmt of curriculum. Since
all three of these dimensions of learn-
ing, net-',clology and curriculum are in-

terrelated, they should be treated as

such. However, joint investigation

should not be at the exclusion of ex-
amining one dimension unto itself.

Within each of the three research

foci, studies should explore the fol-

lowing particular aspects. Of course,
the questions are not all inclusive nor

prioritiz, With regard to cognitive

and affective learning styles of His-

panics, the following questions seem

critical:

1. Is a bilingual's problem solving

ability dependent upon first or

second language proficiency?

2. What knowledge of mathematical con-

cepts do Hispanic children have

prior to entering school? What

modes of motivation encourage His-

panics to pursue learning? Under

what circumstances do Hispanics
learn mathematics concepts at home?

3. How do Hispanics approach learning?

4. How e'7,s a Hispanic child's difficul-

ties in mathematics depend on a par-

ticular concept rather than on a
lack of general aptitude?

1.

5. What are the psychological factors
which influence Hispanic orientation
Lo mathematics ? (This question
would include the avoidance and per-
sistance variables.)

6. What concepts, skills and predispos-
itions are associated with success

and pleasure in mathematics learning
by Hispanics?

With regard to teaching methods,
the following questions might be most
fruitful:

1. How does the classroom environment
influence Hispanic achievement?

What teacher behaviors promote posi-
tive interaction with Hispanic stu-
dents?

3. What instruments and procedures can

teachers use to identify cognitive
learning styles of Hispanics?

4. Haw does the school climate and

structure affect the Hispanic stu-
dent's desire to participate and

pursue a mathematics major?

Rather than research a series of
questions when attending to curriculum,
it is proposed that it would be more

advantageous to undertake a developmen-
tal approach. The developmental thrust
would be to generate curricula which
incorporate the Hispanics's history,

present environment and cultural
values.

The second prong, project experi-
mentation, could center around designing
and implementing Bloom's model of.mas-
tery learning or incorporating Ramirez
and Castaneda's constructs favoring

field dependent learners. Such experi-
mental projects would have to be well

funded and participating staff as well
as support staff would require extensive
training. Of course, such experiemental
projects would necessitate a systematic
evaluation plan, both formative and sumr
mative.

Reference Notes
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GLanguage GMinority Students
and Mathematics
Gilbert J. Cuevas
Miami, Florida

THE PROBLEM

One of the basic problems we face
as mathematics educators, deals with the
ways in which we can be more effective
in communicating mathematical ideas.

This communication becomes critical when
teaching students for whom English is a

language not understood. In view of the
learning difficulties which face lan-

guage minority students, the lack of
proficiency in English is found to be at
the core of the problems. Language pro-
ficiency is also the focus of the vari-

ous.legislative and legal mandates which
direct school systems to provide equal
educational opportunities to linguistic

minority groups. Both the Bilingual
Education Act and the Lau vs. Nichols
"Remedies" address the fact that " . . .

students who do not understand English
are effectively foreclosed from any

meaningful education" (414 U.S. at 566,

1974). It is widely believed that the
linguistic minority students' failure to
achieve in school is caused by the

"language problem." Research studies

have also indicated that there appears

to be a relationship between these

children's degree of proficiency in En-

glish and academic functioning (Lewis,
1959; Cater, 1970; Anderson and Johnson,
1971; Campbell, 1973; De Avila, Cervan-
tes and Duncan, 1978; Cummins, 1981).

It may be assumed from these results

that the more proficient in English
these students are, the greater the op-

portunities available for them to

achieve in school. Applying this as-

sumption to the learning of mathematics

two basic questions must be addressed
before intervention programs are design-
ed to assist these students. First, to
what extent does the student's first

and/or second language, effect learning
and the assessment of achievement in

mathematics? Second, what English lan-
guage Skills are necessary for success-
ful achievement in the subject?

The above questions provide the

foundation for the study of the problem -
underachievement in mathematics as a re-
sult of lack of proficiency in English.

In addition, the issues raised by the

questions are relevant to all language
minority students; the inability to use

the English language in a school setting
is a problem all language groups face.
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ANALYSIS OF THE PROBLEM

The language factor in mathematics

education may be analyzed in terms of

its effect on the learning of mathema-

tics and its role in the assessment of
achievement. Also, an analysis of the
language skills which are needed for

successful mastery of mathematical con-
cepts and skills may contribute to a

further clarification of the problem and
possible solutions.

The interest in the relationship
between language and learning is not a

new one. Some have suggested that lan-
guage determines and defines thought.

Others, such as Piaget (1956), have

tended to accept only a limited effect

of language on thought. However, his

coworkers have expanded on this premise
by suggesting that language development
may be influenced by general cognitive
development since sane major changes in

language mastery occur at times when
major cognitive changes occur. From a
further review of the literature, it may
be assumed that language and learning
are strongly related.

The relationship between language
mastery and mathematics learning has

long been accepted, although not always

recognized as a factor in the learning

of mathematical concepts and skills.

There is sufficient evidence of this in

the literature. Thorndike (1912) stated
that " . . . our measurement in arith-

metic is a measure of two things: sheer
mathematical knowledge on the one hand;

and acquaintance with language on the

other." Aiken (1971) in a review of

verbal factors and mathematics learning,
reports that researchers have long re-

cognized the role language plays in per-
formance in mathematics. Studies indi-
cate that there is also a positive cor-

relation between reading ability and

scores on tests of problem solving in

arithmetic. More recent studies indi-
date that there is also a positive rela-
tionship between mathematics performance
and second language ability (Cossio,

1977). In addition, there appears to be
a relationship between instruction

through the student's native language in
curriculum content areas and high

achievement in those areas (Granada
1976; Tsang, 1976; Coffland and Cuevas,



1979; Cuevas and Llabre, 1981). In slim-
nary, the relationship between language
factors and mathematics achievement is
not clearly understood but it may be
appropriate to assume that in order for
a student to master the mathematics con-
cepts, the language of the concepts must
be mastered.

In addition to the relationship be-
tween language and the learning of math-
ematics, the role language plays in the
assessment of mathematics achievement
mist be discussed. The utilization of a
language not understood by students is
frequently given as one of the reasons
for the inappropriateness of existing
tests and testing situations when used
with these students (Moreno, 1970; De
Avila and Havassy, 1974; Ramirez and
Gonzalez, 1972.) According to Chandler
and Plakos (1969) vocabulary contained
in the instrument is unfamiliar to them.
Gearder (1975) provides an argument sup-
porting the notion that the use of En-
glish as the language of the test is one
reason for the obtained decreases in the
achievement scores of Hispanic students.
Although this claim is debatable,
several studies hatv_i lent support to
this hypothesis. Holland (1960), Mycue
(19681, and Meeker and Meeker (1973)
found tests were translated,
Hispani- students tended to do better on
the Spanish versions than on the English
versions. But on the other hand,
Anastasi and Cordova (1953) and Manuel
and Wright (1929) found no significant
differences in performance on the Span-
ish.and English versions -of achievement
tests. Clearly a factor sometimes over-
looked in these studies is the degree cf
native language proficiency possessed by
the students as compared to their com-
mand of English.

Some researchers (011er and
perk ins, 1978) have even hypothesized
that intelligence, achievement, and per-
sonality instruments basically test lan-
guage proficiency. These authors have
preselted results of factor analytic
studies in support of their claim.
Given the inevitable dependence of
achievement and intelligence tests on
language, it seems logical_ that such
tests would have decreased validity and
reliability for less than proficient
English speakers. Concerning the ef-
fects of language on the generalizabi-
lity of mathematics achievement scores
for bilingual students, Llabre and
Cuevas (1981) found that scores from
mathematics achievement tests (concepts
and applications) for students whose
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first lanoiage is Spanish are less re-
liable than whit is usually reported in
the literature as acceptable. Given the
results of their research Llate and
Cuevas (1981) also report that the pri-
mary language of instruction (English or
Spanish), the level of reading profi-
ciency in the language of instruction
and the Skill being measured should be
taken into account when interpreting
mathematic achievement test scores for
linguistic minority students.

The previous discussion dealt with
language in general as it relates to the
learning and assessment of mathematics.
Concerning specific language areas,
reading related Skills appear to play a
significant part in certain types of
mathematics achievement. A composite of
results obtained by Ranting (1923);
Holing, Blume and Morehart (1924), and
Stevenson (1925) includes the following
reading related causes of failure in

solving arithmetic word problems: (1)

difficulties with word recognition; (2)
lack of knowledge of vocabulary; (3)

careless reading of the problem; and (4)
lack of understanding of quantitative
relationships. More recently, Hargis
and Knight (1971) report that while
reading materials have been developed
which match the child's language, math-
ematics materials often present a mis-
match between the vocabulary of the text
and the student's vocabulary. It is
Hargis and Knight's contention that more
attention must be paid to reading re-
lated Skills since all mathematics ideas
are "embedded in definite language
statements with clauses signaling rela-
tionships and nouns signaling ideas."
In addition to reading Skills, Cathcart
(1974) reports that the student's lis-
tening ability in the classroom has a
significant effect on his/her mathema-
tics achievement.

The object of the preceding dis-
cussion was to place an emphasis on lan-
guage as it relates to the learning of
mathematics since proficiency in the
language of instruction is so important.
The child who comes from a home where
English is the main language spoken will
have heard many of the language con-
structions used in the mathematics
classroom. One cannot make the same
assumption for the child whose native
Language is not English. Research ef-
forts must be directed towards the
analysis of language Skills and
language - related teaching strategies
which will facilitate the language
minority student's learning of mathema-
tics.
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FIT111RE DIRECTIONS

Throughout the search of the liter-
ature one glaring fact is evident there
is a dearth of research concerning the
nature of the relationship between lan-
guage (in general) and mathematics
learning and the role language plays in
the assessment of mathematical concepts
and skills. When the focus is placed on
language minority students, the absence
of research studies is extremely appar-
ent. Based on the premises that lan-
guage does play an important part in

mathematics learning and that language
factors account, in part, for the lan-
guage minority student's underachieve-
ment in mathematics, future research ef-
forts should be directed toward multi-
variate studies of the relationships
among selected aspects of mathematics
and various language variables. Careful
consideration must be taken in incorpor-
ating levels of student language profi-
ciency, socioeconomic status, age and
sex variables as factors in the research
designs.

With respect to language effects on
the assessment of mathematics achieve-
ment, studies need to be conducted which
examine the relationship between the
level of reading difficulty of the test
and student's performance. As with all
research conducted with limited English
proficient students, the definition and
assessment of language proficiency must
be carefully thought and carried out.
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Native America/Ls
and 6-Mathematics

Claudette Bradley
Cambridge, Massachusetts

Today Native Americans are develop-
ing their bommunities and reservations to
maintain their rights, lands,. and people.

In an attempt to gain equity in a world

of computer and high technology industr-
ies, Indians need equal education, parti-
cularly in mathematics. Their communi-

ties and reservations are increasingly

seeking to hire Indians trained it, voca-

tions and professions, which require com-
petence in mathematics (Green, 1978, p.

13).

"Of all minority groups in the

United States, Native Americans are the

most poorly represented in the natural

sciences, the health sciences, and math
ematics; yet Native peoples are the most

needful of any minority group of status

improvement in the areas of health, edu-
cation and social welfare. Indian health

needs are generally well-known, as are

the grim facts of Indian underachievement
in education. Even though the necessity

\

for more Indian professionals in all

fields and for economic development

throughout the Native_world tie together

the major areas of concern, other needs

\beyond basic health care delivery and

education in plenty. Most land-based

Native Americans are in a serious strug-

gle for the retention and development of

the land they-own, and in that struggle

lies a potential for economic development
Which can chahge health care and educa-
tion\patterns for the good. Thus, Native

engineers, geologists, agronomists, aqua-
culture specialists, chemists, geneti-

cists, animal husbandry specialists, ani-

hotanistsrrare all needed for resource

deVelopment, management, and planning on.

Indian lands. Additionally, Indian

teachers and programs in these fields are
needed to raise the general educational
level of Native people, as well as to

provide meaningful career options for all
Indianrural, urban, land-based and

not." Green, 1978, p. 1)

Achievement scores of Indian stu-

dents fall below grade level as they pro-
gress through elementary and secondary

schools. Indian students avoid high
level mathematics courses in high school.
Upon entering a college or university

they are often unprepared for the calcu-

lus sequence, and select majors with
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little or no mathematics requirement.

The result is very few Indians enter

mathematics related careers.

About 70% of Native American stu-
dents attend dublic schools in the United

States. The remainder attend federal BIA
supported schools, private, and parochial
schools. The 1970 U.S. Census found
2,829 school districts with at least one

Indian student. These districts averaged
3% Indian. Of those enrolled in public
schools 70% live ih five states: Cali-
fornia, Arizona, New Mexico, Oklahoma,

and Alaska (See Table 1). Montana, South
Dakota, and the State of Washington each
have -more than 20 districts with over 10%
Indian enrollment (Scherbeck, 1976).

New Mexico has 23,964 Indian'stu-

dents enrolled in public school allocated
among 15 school districts. On tenth

grade Proficiency Examination given to

all students in New Mexico, Indian stu-

dents had the lowest percentage scoring

at or above 65% correct level when com-

pared to Blacks, Hispanics, and Ang3os

(Southwest Resource Center for Science

and Engineering, 1981, p. 7) (See Table

'2).

The State of Washington has 18,114

Indian students enrolled in public

schools, 4,407 Indian students are en-

rolled in districts of at least 10% In-

dian enrollment. These students are al-

located in 25 school districts (Scher-

beck, 1976). The Johnson OrMaley (JCM)
programs compiled mathematics achievement
test scores for Indian students in Wash-

ington (See Table 3).
4

Choctaw Indian students in Missis-
sippi scored below grade level in mathe-

matics on the Califnornia Achievement

tests. The gap between the mean test
scores and the grade continues to widen

as the students progress from second to
twelfth grade. By twelfth grade Choctaw
Indian students' mean is at eighth grade
level in mathematics (Brod, 1979, p. 13)

(See Table 4).

Sells (1973) disclosed high school

mathematiCs is a critical filter for any-
one entering the job market or seeking

higher education. Students Who have
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not taken Algebra and Geometry 1n.high

school are ineligible for admissions to

sane colleges upon graduation (Office of
Provost, 1976). Students without a

background in trigonometry are not pre-

pared for the freshman calculus sequence
in college and must limit their choice

of undergraduate major to education,

social sciences, arts and humanities, if
they plan to continue to avoid mathema-

tics courses. Students Who choose to

enter vocations such as surveyors, auto
mechanics, machinists, carpenters, roof-
ers, electronics workers and technicians
in scientific and industrial laborator-

ies, are . not required to earn college

degrees, but are required to study high

school . mathematics beyond algebra

(Krienberg, 1976, p. 2).

The evidence shows Native Americans
are not obtaining sufficient canpetence
in mathematics to study the higher level
mathematics courses in high school, to

take the calculus sequence, and to enter
mathematics'related careers. All the

recruitment efforts of Indian communi-
ties and reservations together with high
technology industries to employ Indian

people in careers requiring mathematics

or statistics will be unsatisfactory.

As long as Indian students avoid mathe-

matics and limit their choices in the

job market, there is little hope to

raise the overall rilative family in-

canes of Indian people to any signifi-

cant degree.

If mathematics educators of Indian

students are to resolve this dilemma, w
must investigate the contributing fac-

tors. For any school setting the stu-

dent's education is effected by teach-

ers, curriculum, administration and com-
munity. Indian students have the added

dimension of living in two worldshome
and schoolwhin are products of two

cultures Indian and White. The ques-

tions are: How do these cultures con-
tribute to Indian students avoidance of

mathematics and lack of competence with

mathematics? And what other factors in

the school setting contribute to the

avoidance and lack of canpetence?

Dr. Rodney Brod (1976) campared

Indian students with their classmates

and found the differehces to be that

Indian students had more resident chan-
ges, were more rural, lived further from

school, rode the school bus, had older

siblings and more sisters, had large

families and no phone listed in school

files (Brod, 1976). To consider these

factors, no phone, changing residence,

and living far fran school, teachers and

and living far fran school, teachers and
school administrator would not have.an

easy time contacting parents when they

needed. Likewise, having large fami-

lies, living far fran school and no

phone, parents would not have aneasy
time visiting or contacting the school.

Indian students struggle to survive

in two cultures. Generally teachers and
school administrators are not Indian and

have the cultural values of mainstream

society. Indian students attend school
six hours a day and bring the attitudes,
values, and beliefs from their home en-
vironment and Indian communities into

the classroom..

Charles G. Moore (1981) and Lehi
Smith (1981) have written about mathema-
tics learning of Navajo students in re-

lation to the Navajo Language. They

concur that the language has styles of

thought and communication, which in-

fluence students in their approach to

solving problems and learning mathema-.

tical concepts. Their papers indicate

that research is needed to fully under-

stand the effect of Indian language on

' mathematics learning of Indian stu-

dents.

Jack Easley (1980) in On Under-

staading Oe Mechanism of Under 'pre-
sentation 01 Minorities in Mathematics,

Says children of other cultures have

different personal insights about be-

havior patterns (p. 6). Some decide to

tell .their feelings, others attempt to

keep their feelings. Elementary teach-

ers of Indians remark about Indian

children's silence in the classroom.

This factor makes 'discovery' based

teaching methods inappropriate in tra-.

ditional Indian communities according to
Green (1978, p. 5). However, Indian

students' behavior of silence should

only discount discovery" based learning

When verbal responses are expected.

Discovery is an intimate part of every-

one's learning. The expression of that

learning does not have to be a verbal
response, but can be non - verbal. Es-
pecially, since traditional Indian Caw-
munities/tribes had highly sophisticated
forms of non-verbal communication.

Reporting on the conference in

Mathematics in American Indian Educa!,

tion, Rayna Green (1978) writes, "corn

ferees agreed many mathematics teachers
and counselors perpetuated the Mystique
of math as hard and inaccessible to all,
but the brightest students" p. 4). This

may occur fran their own feelings about

mathematics, for they suffer fran pain7

93 98



ful experiences with math (Mitzman,

1976, p. 11).

Conferees on Mathematics in Ameri-

can Indian Education agreed Indian stu-

dents are both unprepared and dissatis-
fied with mathematics (Green, 1978, p.

4). Indian teenagers are more verbal

than those in elementary school. Teen-

agers rebel against the "stringent dis-

cipline practiced by federal and para-

chial schools" and choose not to study

the not "disciplined, visible .Western

forms of education," which they believe

to be math and science courses (Green,

1978). In high school Indian students

select social science and humanities,

for they appear more relevant to

their lives.

Teachers and counselors believe

Indian students are incompetent in math-

ematics. They encourage only the most

promising students to take higher math-

ematics courses in high school. Dr.

Brod, University of Montana, found

teachers will give white studetns the

benefit of the doubt when grading, but

seldom extend this ,_practice to Indian

students (Brod, 1976).

Parents influence teenagers, espec-

ially mothers. In Choctaw student as-

sessment of vocational needs the ques-

tion was asked: "In choosing your job

or career, whose ideas are most impor-

tant?" The major oesionses were 'My

ideas' (81.9%) and 'mother's ideas'

(46.9%). The major career choices of
Choctaw student's were Professional

(40.6%), and Craft/foreman (15.6%) (Brod
and Brod, 1979). In Colville student

assessment of vocaticnal needs the same

question was asked. The major' responses

were "ay ideas" (90.3%), and 'bother's

ideal" (52.2%). The major career

choices of Colville student's were pro-

fessional (32.1%), operative (11.2%),

clerical (10.4%) and service worker
(10.4%) (Brod and Brod, 1981).

Two types of students appeal' to be

good candidates for mathematics based

careers. The first has an excellent

memory for algorithm and definitions,

plus has successfully practiced their

application on classroom assigned prob-
lems. The second is the individual who
reconstructs mathematics ideas, creates

problems to test idoms, completes all

classwork and seeks to learn more about
mathematics by him/herself (Easley,

1980). Traditional Indians had a highly

developed memory needed to pass on the

culture (Moore, 1981). This ability to

memorize has not been employed in the
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mathematics classroom. But as Easley

writes, students who memorize defini-

tions and algorithms do not survive in

higher mathematics courses as well as

the "self-taught problem solvers who

easily create ways to solve new mathe-

matics problems" (1980, p. 3). In any

case meither,of these tWo types of math
students is being encourged among Indian
student by their teachers.

The question to address at this

point is how teachers contribute to the

lack of mathematic competence among In-

dian students? In elementary schools

teachers teach many subjects. They suf-

fer from math anxieties developed in

their own schools days (Sells, 1973, p.

2). Generally elementary school

teachers are not trained nor enthused

about mathematics. High school teachers
are trained in the subject but lack spe-
cial training and commitment for Indian

students (Green, 1978). Most teachers
believe in equal education for all, but

they dnot have the resources to meet
cthe responsibility. Teachers criticize

their studies at college and universi-

ties. None of their courses provided

the understanding of problems-they
dealth with in the classroom (Easley,

1980).

Lucy Sells (1973) wrote "the tra7

ditional classroom forces people into

proving other people wrong." Jack Eas-

ley (1980) wrote "Mathematics classes

are 'extremely dull' in all grades K-12

in all kinds of schools for all kinds of

students." When students simply memor-
ize facts, they do not learn how to ap-

ply then in the real world. When they

rely on formulas, they do not learn to

think (Heltzel, 1976). The two forms of

problem solving are: application of

algorithms to written problems and

the creative exploration of a problem

situation. The first is considered

problem solving by elementary school

teachers. The second is needed in ad-

vanced mathematics courses and in real

life situations (Easley, 1980). Elemen-

tary school teachers are afraid of stu-

dents who demonstrate creativity in

mathematics. They overlook the cur-

iosity of students and prefer to Focus

on the economic pay-off in later life.

Green (1978) concurs that Indian stu-

dents are encouraged to study mathema-
tics only to fulfill a college ra4uirer

ment or vocational program.

Mathematics materials for Indian

students needs more attention (Green,

1978). Many textbooks used by Indian

students do not address their cultural
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and intellectual interests. The qualify

tends to be less than satisfactory

(Gore, 1980).

Herbert Their, of Science Curricu-

lum Improvement Study at the University

of California at Berkeley, warns educa-
tors against the "remediation syndrane"
and "identity accomplishment confusion."
The "remediation syndrome" is the belief
the child is the-problem and needs more

time at the same thing. By spending
more hours the child suffers longer and

develops a poor salf-image and dislike

of the subject. Thr: "identity accad-
plishment confusions" is teaching the

child his own culture with the curricu-

lum. Such efforts in the past resulted
in changing illutrationS or stories.

Children spent too mach time on tradi-

tions, songs and guiles, which would be

okay if the school didn't side-step

teaching the skills needed to survive in
today's world. Attempts to teach a cul-

ture by teachers without direct exper-

ience in that culture either programed
the child or caused him to respond pas-

sively. Dr. Their suggests the school

should focus on the child's learning

process and develop curriculum with the
advise and cooperation of canmdnity mem-
bers. The cannunity should -encourage

children to obtain school related skills
and relate their ampo;tance to their

culture and canmunity. Dr. Their feels

an experience-based curriculum which

integrates the Indian students' school,

home and other life experiences is the

most promising approach in the mathema-

tics classroan. The experienced based
curriculum should be planned with the

cooperation of school and Indian

cannunity;

Answers to why Indian students are

hot uaining mathematical competence are

many. Solutions vary depending on tie

culture and environment of specific

Indian students. However, mathematics
educators should-find the following pro-
grams and ideas significant for Indian

mathematics education.

Cardell (1978) described the peer,,

learning experience used by mathematics

teachers of Mascalero-Appache children.

The teacher presented the mathematics

lesson in the traditional fashion.

Learning stations were set up around the
classroom with a peer learning leader at
each station. Students were free to

choose their leaZer and. to rotate among

the stations. The leader reviewed the

lesson, a-lowed students, to ask ques-
tions, and checked their work. To wind

up the lesson the learning leader gave
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up the lesson the learning leader gave

graded check-up reviews which were spot-.

checked by the teacher. When ccmpared

with the control group the students in

the peer learner experience gained more

in mathematical concepts and skills,

developed positive attitudes toward the

experience and demonstrated growth to-

ward positive attitudes toward mathe-

matics.

In an education via radio program

among the Guatemalan Highland Maya,
thirty-four teachers converted their

Nines into classroans three evenings a

week. Core lessons were broadcasted

each evening in the Tzutujil language.

Tice teachers turned off the radio for

review questions and for checking stu-

dents work. Once a week the teacher re-

turned to the broadcast office to dis-

cuss their classes and the lesson for

the caning week. This program reached

906 students over four years. The stu-
dents were friends and relatives of the

teachers, but they had relatively no

formal schooling. "In ccmparison with

other eductional and development pro-

jects in the Highland Maya area, . . .

the results have been outstanding"
(Early, 1973, p. 228).

Native American loom beadwork has
properties which illustrate mathematical
concepts in Geometry, Coordinate Geome-

try, Number Theory, and Measurement.

Claudette Bradley (1976) has used loam

woven beadwork to develop culture based

mathematic curriculum for Indian stu-

dents. After students master the task
of making loan beaded items the students

were to develop their beadwork designs
on canputers using Logo. Seymour Papert
(1980) has developed Turtle "Gemetry
using Logo computers. His theory is

that students learn mathematics by using
mathematics to write . computer program

that draw shapes,' designs, or animated

pictures on the Logo TV-screen. Native
American loom beadwork designs are ideal

subjects for Logo canputers in techni -

color.

Project SEED designed by William
Johntz (1980) is for minority school age
children. Trained scientists and mathe-
maticians teach abstract conceptually
oriented mathematics with the discovery

method. The staff loves mathematics and
conmunicates well with students. They

have observed creative answers.and ques-
tions in their students to responses

that are generally considered "wrong",

answers by traditional mathematics
teachers. Project SEED has been suc-

cessful in Berkeley, California with
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fourth and fifth grades for over 17

years.

OregonNlathematics Learning Center
Salem, Oregon has designed creative ways
for teaching mathematics. One way is

the lab approach (Mitzman, 1976, p. 11).
The mathematics lab provides opportuni-
ties for students to explore mathematics
through game and hands-on materials.

The center offers workshops for teach-

ers, provide a place for materials for

learning mathematics. About a third of

the teachers have been Indian. The

written responses of teachers who at-
tended the workshops were very positive.
Many teachers became math enthusiasts
(Mitzman, 1976; Heltzel, 1976).

In summary, to address the question
of What factors may improve the mathema-
tical campetence of Indian students the

analysis of this paper places the find-

ings in three categories: the cognitive

dcmain, the affective domain, and the

social domain. In,the cognitive domain

Indian students must be encouraged to

reconstruct mathematical ideaS, create

problems, test ideas, complete class-

work, and seek to learn more mathematics
on their own. As in the SEED project,

Indian students need to develop spatial
relationships, which can be accomplished
through creative uses of hands-on mater-
ials, as well as, calculators and compu-
ters. In the affective domain Indian

students need support and counseling

from Indian community members and math-

ematics related professionals. In.. the

social domain Indian students may need

briefing on mathematical language, test-
taking strategies, and/or appropriate

problem solving .techniques prior to

studying higher math courses. Culture

based mathematics should not push aside

the main focus of learning mathematics,

but would be most effective if Indian
community members took primary respOns17
bility of developing culture based math-

ematics both in and out of school and

worked cooperatively with mathematics
teachers of the school.

Mathematics educators " should be

aware of research in culturally appro-

prite communication styles, especially

in reservation areas. Of particular in-
terest should be the issue of silence in
elementary schools of Indian student and
the traditional sophisticated non-verbal
formS of communication. There are other

forms of expressing learning than talk.

Tha use of hands-on materials and com-

putars would be appropriate for quiet

studants. Discovery methods would work

and teachers would learn to recognize
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learning.

At the high school level particu-

larly, Indian educators should research

the job market within Indian communities

as well as the greater non-Indian cant-

munity. They should familiarize them-

selves with the role of mathematics in

these vocations and professions, relat-

ing the information to students, and

creating opportunity for students to

meet Indians in those fields.

To make any lasting effective
change in mathematics education parents,
tribal leaders, counselors, teachers,

and administrators must be educated

about the necessary changes. Mathema-

tics has been taught the same way in

elementary and secondary schools for

over a hundred years. Educators learned

from the intervention of "New Math" in

the 1960's that when teachers and

parents became frustrated over the

changes in mathematics curriculum, the

new program gets pushed aside in favor

of "back to basics" (Cheek and Castle,

1981).

An evaluation process is essential

for determing the effectiveness of math-
ematics curriculum for Indian students.

Observation and interviewing-techniques

should be investigated. The issue of

evaluation is important for it is in-

timately tied with the goals and objec-
tives of school, community and students.
It should not lose sight .of the fact the
Indian students must be prepared to sur-
vive in two worlds, and that achievement
tests are not sufficient indicators of a

successful mathematics program for

Indian students. 0

Indian people need a Teacher Center

for research a;.1 education of teachers.

A Teacher Center would serve Indian
mathematics educators from federal, pub-
lic, and non-public schools; conduct re-
search projects and training workshops.

It would develop a research pool of

mathematics educators working in Indian

settings (Green, 1978). Such a Teacher

Center could be established within a

college or as an independent ageAcy.

The center could employ Indian people in
mathematics-related c..reers and Indian

graduate students in mathematics related

studies. The center would maintain a

library; organize research teams to as-

sess Indian mathematics education, pro-
grams, curriculum, and classes: research
Indian learning styles, publish research

findings, and train teachers to design

their own mathematics curriculum based

on culture and environment.

101



Indian students face all the pro -

blems of other minority students with

traditional mathematics classroans, in-
competent teachers and biased counse-

lors. In addition, Indian students face

cultural conflicts imposed on them by

language, cannulication and learning

, style differences between school and

home. Consequently mathematics teachers
cannot afford to be canplacent and rely

on published textbooks for curriculum

design.

Table 1

Parents, counselors, teachers and

tribal leaders must cane together in

cooperation with mathematics education
researchers to determine goals, design

new programs and evaluation processes.

Solutions will evolve out of cooperation
between Indian and school communities

and vary among Indian culture and en-
vironments.

Seventy Percent Indian Students Attend Public School

State

Districts with
more than 10%
Indians enrolled

Students in
districts
over 10%

Students in
districts of
less than 10% Total

Alaska 20 14,172 2,756 16,928

Arizona 55 20,014 11,455 31,469

California 29 2,835 27,959 30,794

New Mexico 15 20,945 3,019 23,964

Oklahoma 339 69,517 17,171 86,688

Other States 202 49,631 95,021 144,652

& District of
Columbia
Total 660 177,114 157,381 334,495

(Scherbeck, 1976)

Table 2

New Mexico Proficiency Exam (Tenth Grade) Success Levels at 65% Correct

for Several Content Areas by Ethnic Group (1977)

Test Content/Skill Area Indian Blacks Hispanics Anglos.

Canputation 21% 27% 41% 72%

Problem Solving 57% 58% 79% 94%

(Southwest Resource Center for Science and
Engineering, 1981, p. 7)

Table 3

1980 Mean Normal Curve Mathematics Achievement Equivalents and Percentile:;

Mean Percentile

Washington State JCM students 41 33

Colville Reservation students 40 30

National Average 50 50
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(Brod and Brod, 1981, p. 11)
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Table 4

Spring Math Grade Filuivalents on California Achievement Tests, Choctaw Agency Schools,
1977-1979

Grade Level 1977 1978' 1979

3 2.3 2.5 2.9

4 3.4 3.6 3.8

5 3.7 4.2 4.0

6 4.9 4.6 4.9

7 5.5 5.7 5,5

8 5.9 7.2 7.0

9 6.4 7.4 7.5

10 7.0 7.9 8.1

11 7.7 8.2 8.5

12 8.1 8.0 8.1

(Brod, 1979, p. 13)
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'Mathematics, Bureau of Educational Research, University of Illinois, Indiana,

1980.

Finnell, Robert, A High School Intervention Strategy to Improve the

mance of Minority, Mathematics E4gineering Science Achievement,

fornia, Berkeley, 1980.

Gore, Pat L., Courses-Books-dements, Box 28, Bacone College,

74401, 1980.
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Green, Rayna, Report and Reconmendations Conference on MAhmitics in American Indian

Education, Education ,Foundation of America and American Association for the Advan-

cement of Science, February 1978.

Green, Rayna, Math Avoidance: A Barrier to American Indian Science Education and

Science Careers, Sept. 8, 1978, BI. Education Research Bulletid, Volume 6, Number

3, p. 1-8.

Heltzel, Ellen EmrY, "Math Gains New Dimensions with Aid of Teacher "Enthusiasts", The

Oregoniad, Section C, Friday, October 15, 1976

Johntz, William F., Project SEED and the Pedagogical Issues Surrounding the Involvement

of Minorities in Cthematicd, National Director, Project SEED, OM.

Jordan, Janie, An In-depth Lock at Selected Strategies to Improve the Mathematics Per-

onnance of Minorities, Norfolk State University, Norfolk, Virginia, July 1980.

Kreinberg, Nancy, "Furthering the Mathematics Competentence of Women," Public Affairs

Report, Bulletin of Institute of Governmental Studies, Vol. 17, No. .6, December

7 .

Mitzman, Barry, "Seeking A Cure for Mathephobia," American Educatiod, U.S. Department of

Health, Education, and Welfare, Office of Education, March 1976.

Moore, Charles G., The Navajo Culture and Learning of MithematicS, Mathematics Depart-

ment, Northern Arizona State University, Flagg-staff, Arizona, 1981.

Papert, Seymour, Mind storms: Children, computers, and powerful ideaS, Basic Books:

New Yoek, 1980.

Public Service Announcement, Algebra and Geometry: Essential for all High School Stir-

dentg The Third-College,-La-Jolla, California, August 1975.

ScherbeCk, Helen M. Report on Indian Educatiod, Task Force Five: Indian Education,

Final Report to the American Indian Policy Review Commission, U.S. Goverment

Printing Office, Washington, D.C. 1976.

Sells, Lucy W., Mathematics as a Critical Filter Problems and SolutionS, American

Sociological Associatin, Washington, D.C., 1973.

Smith, Lehi, Mathematics Education in an American Indian Culture, Arizona State Univer-

ity, Tempe, Arizona, 1981.

Southwest Recourse Center for Science and Engineering, A Planning Grant Proposal for a

Comprehensive Mathematics Program in Northern New Moiled, Albuquerque, New Mexico,

1981.

Their, Herbert D. "Sane Thoughts in Educational Experiences and Pueblo Indian Child-

rent" Science Curriculum Improvement Study, Lawrence Hall of Science, University of

California, Berkeley

Office of the Provost. The Third College, University of California, San Diego, La

Jolla, California, November 1976.
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EQUITY IN MATHEMATICS PROJECT

RESOU RCI 1, I S'1'

PUBLICATIONS (Books and Journal Articles):

Unless otherwise noted the publication listed provides information on the

nature of the problem of obtaining equity in mathematics for the specific

target group. General recommendations for action are included many of

these publications.

A. Anick, C. M., Carpenter, T. M., and Smith, C. "Minorities and

Mathematics: Results from the National Assessment of Educational

Progress." Mathematics Teacher, 1982, 74, pp. 560-568.

B. Anton, S. and Humphreys, S. Handbook of F rategies for Evaluating Science

Education Programs.

C. Becker, J. R. and Jacobs, J. E. "Sex: Is It an Issue in Mathematics?"

Educational Horizons, Winter 1983, 61 (2), pp. 60-67.

D. Beckwith, J. and Durkin, J. "Girls, Boys, and Math." Science for the

People, September/October 1981, pp. 6-8, pp; 32-34.

E. Blum, L. and Givant, S. "Increasing the Participation of Women in

Fields that Use Mathematics." American Mathematical Monthly.

December 1980, pp. 785-792.

F. Brush, _.Lorelei R. kncouraging Girls in Mathematics: The Problem and

the Solution. Cambridge; MA: Abt Books, 1980.

G. Erlick, A. C. and LeBold, W. K. Factors Influencing the Science Career

Plans of Women and Minorities - supplementary. West Lafayette, IN:

Purdue Research Institute, 1977..

H. Fauth, G. C. and Jacobs, J. E. "Equity in Mathematics Education: The

Educational Leader's Role." Educational Leadership. March 1980,

pp. 485-490. Provides specific sugge%tions for supervisors on how

they can promote sex equity for both students and women faculty.

I. Fennema, E. "The Sex Factor" and'Burton, Grace M. "Response to

'The Sex Factor'." In Fennema, E. (eds.) Mathematics Education

Research: Implications for the 80's. Alexandria, VA: Association

for Supervision and Curriculum Development, 1981.

J. Fox, L. H., Brody, L., and Tobin, D. (eds.). Women and the Mathematical

Mystique. Baltimore, MD: The Johns Hopkins University Press, 1980.

K. Fox, L. H., Fennema, E., and S,herman, J. Women and Mathematics:

Research Perspectives for Change. Washington, DC: U.S. Department

of HEW, 1977.

L. George, Y. C. The Status of Minority Women in Science (Report No.

UCAR-10032). Livermore, CA: Lawrence Livermore Laboratory, 1979.
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M. Green, R. "Math Avoidance: A Barrier to American Indian Science Education
,science Careers." BIA F.itration Research Bulletin, 6(3), :lept.

1978, pp. 1-8. (ERIC 0 170 084.)

N. Hedges, L. V., and Major, K. Female and Minority Representation in
College Maiors as a Function of Mathematics Requirements. San Diego,

CA: University of California, 1976. (ERIC Document Reproduction
Service No. ED 007 781.)

O. Humphreys, S. (ed.) Women and Minorities in Science: Strategies for

Increasing. Participation. Boulder, CO: Westview Press, 198?.

P. Johnson, W. N. Teaching Mathematics in a Multicultural Setting: Some
Considerations When Teachers and Students are of Differing Cultural
Backgrounds. Murray State University, Murray, KY. (ERIC 0 183 414.)

Q. Kansky, B. and Olson, M. Mathematical Preparation versus Career

Aspirations: A Study of Wyoming's 1978 High School Seniors. (ERIC 0

ED 168 263.)

R. Kenschaft, P. "Black Women in Mathematics." American Mathematical

Monthly, 1981, Vol. 88, pp. 592 -604.

S. Llabre, Maria M. and Cuevas, Gilberto J. "The Generalizability of
Mathematics Achievement :cores for Bilingual Students." The
Journal for Research in Mathematics Education, (forthcoming).

T. Luchins, H. "Women and Mathematics: Fact and Fiction." American
Mathematical Monthly, 1981, Vol. 88, pp. 413 -419.

U. Malcom, S. M. "Women/Minorities in Science and Technology." Science,

1981, Vol. 214, p. 137.

V. Matthew3, W. Adding Up Race and Sex: A Study of Enrollment in High

School Mathematics Classes. Occasional Paper, Program on Women,

NorthwesternUniversity, December 1980. (Available from the Program

on Women.)

W. Matthews, W. "Coloring the Equation: Minorities and Mathematics."
Journal for Research in Mathematics Education, 14 (1), January 1983,

pp..70-72.

X. Matthews, W. Issues in Research on Minorities and Mathematics. Paper
presented at the annual meeting of the National Council of Teachers
of Mathematics Presession, St. Louis, April 1981. (Available from

the author at the University Of Wisconsin-Madison.)

Y. Newton, D. Women in Mathematics. Portland, ME: J. Weston Walch

Publisher, 1978. (A series of posters.)

Z. Perl, T. Math Equals: Biographies of Women Mathematicians and Related

Activities. Menlo Park, CA: Addison-Wesley Publishing Company,
1978. In addition to providing biographies of women mathematicians,
specific activities on the mathematics discussed in their biographies'
are given.
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A A . Schont. rg,er, Ann. Sex-111.1M ed I nn lien in Ma th emat len Edcr:rtlen. I n

Li miqu int Mary Mon tgomory Selected _in_Mathematien
Edtration. Chicago, IL: National Society ror the :;turfy of
Ecluoat ton, 1981.

BB. Sella, L. W. "High School Mathematics Enrollment by Race and Sex." In
TheMathematics Filter:_11New_Look At An Old Problem, 1918.
(Available from Overcoming Math Anxiety, c/o S. Har.,!r
Lewis Street, Hartford, CT)

CC. Skolnick, J . , Langbort, C. , and Day, L. Haw to Encourage Girls In Math &
Science: S tratcigi es for Parrntn and Educators. L:riglewood Ci
NJ: Prentice-Hall, Inc., 1982. Contains many activitien that
parents and teachers can tine to encourage children to study
mathematics.

DD. Taylor, B. Ross. "Equity in Mathematics: A Case Study." Mathematics
Tftaefier, January 1983, pp. 12-17

EE. Tobias, Sheila. Overcoming Math Anxiety. New York, NY: W. W. Norton
1978. Includes descriptions of appropriate activities for a Math

Anxiety Clinic.

PUBLICATIONS AND MATERIALS AVAILABLE FROM ORGANIZATIONS AND ASSOCIA IONS:

Items preceded by * are those materials which are for use with
students. The others provide information for educators.

A. American Association for the Advancement of Science, 1776 Massachusetts
Ave. S. W., Washington, DC 20036

1. Aldrich, M. L. and Hall, P. Q. Programs in Science, Mathematics and
Engineering for Women in the United States, 1966-1978.

2. Green, 1,--t and Recommendations: Conference on Mathematics in
Amer ndian Education, 1978.

3. Hail, P. Q. and Swartz, A.

a. Associations of/for Scientists of Racial and Ethnic Minority
Groups, 1978.

b. Associations of/for Women Scientists, 1978.

c. Committees of/for Women of Associations of Scientists, 1978.
Listings of contact persons and organizations.

4. Hall, P. Q. Problems and Solutions in the Education, Employment and
Personal Choices of Minority Women in Science, 1981.

5. Malcom, S. M., Hall, P. Q., and Brown, J. W. The Double Bind: The
Price of Being a Minority Woman in Science. (Report No.
76-R-3), 1979.

6. MESHwork NEWS. A newsletter on Opportunities in Science.
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B. Clarke Irwin & Co. Ltd., 791 St. Clair Avenue, W., Toronto, Ontario,

Canada M6C 1B8

Posters:
* 1. Dropping Math? Say Goodbye to 82 Jobs

Mathophobia

(1 to 5 posters - $2.00 each; next 25 posters - $1.50 each;

any over 30 posters - 41.00 each.)

C. College Board, New York, New York

Casserly, P. L. Helping Able Young Women Take Math and Science

Seriously in School, 1979. Identifies key factors in school

systems that have been successful in enrolling young women in

advance placement courses in mathematics and sciences.

D. Education Commission of the States, 1860 Lincoln Street, Suite 700,

Denver, CO 80295.

1. Armstrong, Jane M. Women in Mathematics - Achievement and
Participation of Women in Mathematics: An Overview, 1980.

E. Education Development Center, 55 Chapel Street, Newton, MA 02160 (toll

free # 800/225-3088).

* 1. The Math-Science Connection: Education Young Women for Today (film

or videocassette for teachers, parents, and community leaders;

rental also),;.

* 2. Sandra Zella, Dee, and Claire: Four Women in Science (film or
videocassette, 7-12; rental also).

3. Expanding Your Horizons in Science and Mathematics (a handbook for

conference planners, $2.50).

* 4. Sex Stereotyping in Math Doesn't Add Up (audio cassette and guide

for teachers, $4.50).

* 5. Equality in Science: Formula for Changing Sex Bias (audio cassette

and guide, $4.50).

* 6. Count Me In: Educating Women for Science and Math (videotape for
high school, college students, and faculty; rental also).

* 7. How High the Sky? How Far the Moon? (curriculum resource for K-12
with four audiotape cassettes, $14.50).

8. Science, Sex, and Society (collection of readings,. post-secondary,
$15.75).



F. Ford Foundation, Office of Reports, 320 East 43 St., New York, NY
10017.

1. Fox, L. H. The Problem of Women and Mathematics, 1981.

2. Minorities and Mathematics, 1981.

G. Humboldt State University, Arcata, CA 95521.

1. Women in Science and Mathematics Bibliography, Phyllis Chinn, 1980
($3.00).

H. Tobias, Sheila, Institute for the Study of Anxiety in Learning,
Washington School of P-whiatry, 1610 New. Hampshire Avenue, N.W.,
Washington, DC.. 20009 (202/667-6380).

1. Paths to Programs for Intervention. ($16.00).

2. Resource- Catalogue for Practitioners ($13.00).

3. Resource Manual for Counselors/Math Instructors ($12.00).

* 4. Self-Help Kit for Students ($12,00).

(Or order all for $140.00 prepaid.)

I. Lawrence Hall of Science, University of California, Berkeley, CA 911720.

1. Expanding Your Horizons in Science and Mathematics: Conferences
for Young Women. Interested in New Career Options: A Handbook
for Planners. Koltnow, Joanne (limited supply available from
Lawrence Hall of Science for $3.00; also available from WEEA

Distribution Center at EDC).

* 2. Use EQUALS to Promote the Participation of Women in
Mathematics. Kaseberg, Alice, Kreinberg, Nancy, and Downie,
Diane (from Lawrence Hall of Science for $7.50).

* 3. Math for Girls and Other Problem Solvers. Downie, Diane, Slesnick,
Twila, and Stenmark, Jean Kerr (from Lawrence Hall of Science
for $7..50).

4. Women "Moving Up: A Resource Directory Focusing on Careers in
Science, Engineering, and Technology. Cremer, Christine (from
Lawrence Hall of Science for\ $5.00).

5. Math/Science Network Broadcast, newsletter describing recent
activities of the Math/Science Network, free from Math/Science
Resource Center (address below.)

* 6. Poster Series from the Network: one set of three for $.5.00; ten sets
for $10.00; twenty sets for $50.00 (from Lawrence Hall of



* 7. SPACES (Solving Problems for Access to Careers in Engineering and
Science). .Fraser, Sherry (ed.) (from Lawrence Hall of Science
for $10.00).

Checks to "Regents, University of California," sent to Careers,
Lawrence Hall of Science, University of California, Berkeley, CA
914720.

J. Mathematical Association of America, 1529 18th Street, N.W.,
Washington, DC 20036.

* 1. The Math in High School . . . You'll Need for College (February
1978) (one copy free).

* 2. Careers in Mathematics
(one copy of each free)

Mathematics at Work in Society, a mathematics and career awareness
package for students in grades 8 and above (14 videotapes- -
available free of charge ).

14. Blacks and Mathematics (BAM) and Women and Mathematics (WAM).

Visiting lecturer program to interest Black students or women to
pursuematheinatics-based-careers.---Aimell at high school students.

K. Mathematics Department, Minneapolis Public Schools, 807 Broadway,
Northeast, Minneapolis, MN 551413.

* 1. A series of six brochures (cost $1.00). Don't Knock It Unlock It
With Math. One each in Algebra, Geometry, Trigonometry,
Advanced Algebra, Probability and Statistics, Math Analysis.

L. Modern Talking Picture Service, 5000 Park Street North, St, Petersburg,
FL 33709.

* 1. Science: Woman's Work, film (free. loan print).

M. National Action Council Minorities in Engineering, Inc., 3 West 35th
Street, New York, N/ 10001

* 1. A Piece of the Action, film. Encourages high school students to
pursue an engineering career.

* 2. Hi There, I'm Your Exciting Future. A guide describing course
requirments for careers in science and engineering. For junior
high and senior high school students.

Send for the NACME publications list.

N. National Council of Teachers of Mathematics, 1906 Association Drive,
Reston, VA 22091.



2. Mathematics Education of Girls and Young Women, information resource
(September 1980).

3. Guidance /Counseling for Both Counselors and Mathematics Teachers at
the Secondary School Level, position statement January 1976

* 4. Resource Guide For Careers in Mathematics, information resource_
(September 1982):

* 5. Mathematics Teaching As A Career brochure.

* 6. Mathematics and Careers - Engineer, Police Officer (posters and
brochures available).

7. Report on Task Force on Problems in Mathematics Education of Girls
and Young Women, (February 1980, cost $2.50).

* 8. Multiplying Options and Subtracting Bias. An Intervention Program
developed by Fennema, Elizabeth, et al. (4 videotapes, one each
(for teachers, students, guidance counselors, and parents--for
purchase only). 1125.00 each videotape and guide; $375.00 for

I

all four videotapes and guide.) (Available for rental from Women
nd Mathematics Education.)

9. Handb ok for Conducting Equit Activities in Mathematics Educatioti.
rovides descriptions of workshops and conferences for educators.
I cludes resource lists, workshop handopts, action research
p ojects, and state-of-the-art papers on underrepresented groups
(:lacks, Girls, Hispanics, Language Minority, and Native
Am ricans) in mathematics.

* 10. Multicultural Mathematics Materials. Krause, Marina C. Games and
activities from around the world to enhance individual students'
ethnic identity and enhance the mathematics lesson as well.
Introduces children to the ethnic heritage of others.
Large-size reproducible activity pages; grades 1-8 (1983,
80 pp., #327E1, cost $5.00) .

O. National Research Council, Committee on Minorities in Engineering,
2101 Constitution Avenue, N.W., Washington, DC 20418.

1. Building the Multiplier Effect, Summary of a National Symposium,

14-16 September 1978.

P. National Science Foundation, Washington, DC

1. Ideas for Developing and Conducting a Women in Science Career
Workshop. Kreinberg, Nancy (from National Science Foundation,
#SE-81-16, free).

National Science Teachers Association, 1742 Connecticut Avenue, N.W.,
V;ashington, DC '20009



2. Career Oriented Modules to Explore Topics in Science.

Two sets of materials:
COMETS -- Science. 24 modules on science.
COMETS -- Profiles. 24 profiles and activities of women who

use math and science.

COMETS -- Science are ideal material to help presenters at career
conferences find activities that are appropriate for junior and
senior high school students.

R. Ohc,ro Resource Center, 2 301 Midwestern Parkway, Suite 214, Witchita Falls,
TX 7630 8

1. OHOYO IKHANA: A Bibliography of American Indian--Alaska Native
Curriculum Material.

S. ERIC/SMEAC Information Center, Ohio State University, 1200 Chambers
Road, Columbus, Ohio 143212 .

1. Jacobs, J. E. (ed.) Perspectives on Women and Mathematics, 1978.

(Also available from NCTM, $6.75)

2. Lovett, C. James and Snyder, Ted. Resources for Teachers of
Mathematics in Bilingual Classrooms, 1979. (Also available from
NCTM)

3. Suydam, M. and Kirschner, V. Selected References on Mathematical
Anxiety, Attitude, and Sex Differences in Achievement and
Participation, 1980. ($2 .50)

4. Schildkaump-Kundiger, Erika. An International Review on Gender and

Mathematics, 1982. iii,

T. Society for Applied Linguistics

1. Holm, Wayne and Rossier, Paul. The Rock Point Experience, 1980.

U. U. UNESCO

1. UNESCO, Interactions Between Linguistics and Mathematical Education:
Final Report of the Symposium, Nairobi, Kenya, 19714.

V. Washington State Mathematics 'Council, Attn: Wayne Peterson, Marshall
Bldg., 520 N.E. Ravenna Boulevard, Seattle, WA 981 15.

* 1. Multicultural Mathematics Posters and Teachers Guide ($5.00 per set).
(Make check payable to: W.S.M.C.)

W. Women in Science, B322 School of Dentistry, The University of Michigan,
Ann Arbor, MI 148109.

1. A series of 8 videotapes designed to encourage young women to take
. . . .



0

Science, Geology, BiomedicarScience, and Physics/Astronomy.
The eighth tape presents the dilemma of a young woman interested

in science and mathematics.

X. Women and- Mathematics Education, c/o Education Department, George Mason

University, 4400 University Drive, Fairfax, VA 22030.

1. Resource packet on the Stanly-Benbow Controversy ($2.00).

2. Rental of Fennema tapes: Multiplying Options: Subtracting Bias (see

NCTM) .

3. A Resource list - updated annually.

III. RELEVANT ASSOCIATIONS.

A. Minorities and Mathematics, Chicago Community Trust, 208 S. LaSalle St.,

Suite 850, Chicago, IL 60604.

B. National Association For Equal Opportunity in Higher Education, 2243

Wisconsin Ave., N.W., Washington, DC 20007 (202/333-3855).

C. National Association for the Advancement of Colored People, New York, NY.

D. National Council of Teachers of Mathematics, 1906 Association Drive,

Reston, VA 22091.

E. United Negro College Fund, Inc., New York, NY.

F. Women and Mathematics Education, c/o Education Department, George Mason

University, 4400 University Drive, Fairfax, VA 22030.

Please send items for inclusion in future editions of this list to Dr. Judith E.

Jacobs, c/o Women and Mathematics Education.

Originally prepared for distribution by Women and Mathematics Education. Expanded

to include other underrepresented groups and for use by the National Council of

Teachers of Mathematics Equity in Mathematics Project. Permission to reproduce

this resource is granted, provided acknowledgement is given to WME and NCTM.

0171/2299
August 1983
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NATIONAL COUNCIL OF

Teackeis of 'Mathematics
1906 Association Drive Reston Virginia 22091 1703) 6209840

EQUITY IN MATHEMATICS: CORE AND REGIONAL CONFERENCES

1982 - 1983

Advisory Council

Helen Cheek
306 Gundersen
Oklahoma State University
Stillwater, Oklahoma 74078

Gilbert Cuevas
Merrick #222
School of Ft.:ation
University of Miami
Coral Gables, Florida 39124

Judith E. Jacobs
George Mason University
4400 University Drive
Fairfax, Virginia 22030

Katherine Adams
16 Spindrift Way
Annapolis, Maryland 21401-

Piyush C. Agrawal
9375 S.W. 170th Lane
Miami, Florida' 33157

Eleanor P. Agron
102 Wilderness Lane
Oak Ridge, Tennessee 37830

Susan Aguilera
2568 Mercedes Drive
Atlanta, Georgia 30345

Beverly J. Anderson
Department of Mathematics
University of the District of
4200 Connecticut, Avenue, N.W.
Washington, D.C. 20008

Carlos G. Aten-io
Cuba Schools
P.O. Box 68
Cuba, New Mexico 87013

Don S. Balka
St. Mary's College
219 Madeleva
Notre Lame, Indiana 46556

Susan S. Barocas
3112 Elmwood Avenue, Apt. 20
Rochester, New York 14618

Lois H. Berson
2003 Lantern Lane
Oreland, Pennsylvania 19075

Genevieve M. Knight, Project DireCtor"
Box 6613
Hampton Institute
Hampton, Virginia 23668

Ross Taylor
Minneapolis Public Schools
807 Broadway, N.E.
Minneapolis, Minnesota 5541'3

Participants

Willarene Beasley
North High School
1500 James Avenue North
Minneapolis, Minnesota 55411

Joanne Rossie Becker
Virginia Polytechnic Institute

and State'Univorsity
321 Memorial Gym
Blacksburg, Virginia 24061

Sharon Beckstrom
Division of Continuing Studies
North Dakota State University
Box 5595, State University Station
Fargo, North Dakota 53105

Della D. Bell
Columbia Texas Southern University

3201 Wheeler Avenue
Houston, Texas 77004

Ray H. Bell
c/o Wilmer Jones
0ICM - Mathematics
181 North Bend Road
Baltimore, Maryland 21229

Karen Y. Bennett
Secondary Mathematics Consultant
Florida Department of Education
Knott Building
Tallahassee, Florida 32301

Nella Bidwell
El Dorado Public Schools
700 Columbia
El Dorado, Arkansas 71730

Margaret Biggerstaff

George H. Billups, Jr.
Beacon High School
72 Fishkill Avenue
Beacon, New York 12508

Don Birmingham
4908 Cedar Avenue South
Minneapolis, Minnesota 55417

Marge Bodwell
Teacher National Advisory Council

W. Education
2201 12th

Alamogordo, New Mexico 88310

Clem Boyer
1211 Mellonville Avenue.
Sanford, Florida 32771

Claudette Bradley
2-203 Peabody Terrace
Cambridge, Massachusetts 02138

Paul Buding
c/o Wilmer Jones
DICM - Mathematics
181 North Bend Road
Baltimore, Maryland 21229

Caryl J. Bugge
5745 Glenwood Avenue North, A-12
Minneapolis, Minnesota 55422

Joseph A. Burke
Nova High School
3600 S.W. College Avenue
Davie, Florida 33314

Bruce C. Burt
1307 Hillcrest Avenue
Wmah Van.,mulyftnIn 102A(



Marie Campbell
Lee County School Board
2055 Central Avenue
Fart Myers, Florida 33901

Clifford B. Capp
24L, Fort Lewis College
Durango, Colorado 81301

Iris Carl
3735 Parkwood Drive

Houston, Texas 77021

Edward M. Carroll
933 Shimkin Hall
New York University
New York, New York 10012

Patricia Lund Casserly
54 Cuyler Road
Princeton, New Jersey 08540

Manon P. Charbonneau
417 Washington Avenue
Santa Fe, New Mexico 87501

Arlene S. Chasek
9 Schindler Place
New Providence, New Jersey 07974

Rose Marie Christiansen
Minneapolis Public Schools
807 Broadway, N.E.
Minneapolis, Minnesota 55413,

Donna Clauss
RFD 1, Box 230-E
Belen, New Mexico 87002

Miriam L. Clifford
Rufus King High School
1801 West Olive
Milwaukee, Wisconsin 63209

.

Ann J. Courson
DeLand Junior High School
DeLand, Florida 32720

Tom Cummings
Engineering, Farris 345
University of New Mexico
Albuquerque, New Mexico 87131

Vern Dahlberg
1501 Aldrich Avenue, North
Minneapolis, Minnesota 55411

June Danaher
Maryland State Department of Education
200 West Baltimore Street
Baltimore, Maryland 21201

Sister Ellen Dauwer
St. Vincent Academy
227 West Market Street
Newark, New Jersey 07103

Linda J. Davenport
115 Miller Hall, DQ-12
University of Washington
Seattle, Washington 98195

Dorethea Davis
Stephen F. Austin State University
Box 13010P, SFA Station
Nacogdoches, Texas 75962

Susan Davis
New Jersey Department of Education
OEEO, CN 500
Trenton, New Jersey 08625

Sister M. deAngelis, O.S.F.
Northern New Mexico Community College

P.O. Box 250
Espanola, New Mexico 87532

Paul Dillenberger
Mathematics Department
Minneapolis Public Schools
807 N.E. Broadway
Minneapolis, Minnesota 55413

Ruth Ellen Doane, S.P.
Providence-St. Mel High School
119 S. Central. Park Boulevard
Chicago, Illinois 60624

Charles Dorniden
Chapter I Office
Lehman Center
1006 West Lake Street
Minneapolis, Minnesota 55408

Carl Downing
6742 North Meridian
Oklahoma City, Oklahoma 7311.6

Herbert Druker
Garfield Park School
Glenolden Lane
Willingboro, New Jersey 08046

Joyce Eaton
CEMREL, Inc.
3120 59th Street
St. Louis, Missouri 63139

E, L. Edwards, Jr.
Department of Education
F. O. Box 6-Q
Richmond, Virginia 23216

Elden Egbers
Office of SPI
7510 Armstrong, S.W.
Tumwater, Washington 98504

Charles,R. Ei/ber
North Carolina School

and Mathematics
P.O. Box 2418
Durham, North Carolina 27705

of Science

Judy Enestvedt
Shakopee High School
Tenth and Lewis Streets
Shakopee, Minnesota 55379

Rosemarie Z. Espinosa
725 University Boulevard, S.E.
Albuquerque, New Mexico 87125

Paul Eurenidis
IBM Loaned Executive

Elizabeth Fennema
Department of Curriculum/

Instruction
University of Wisconsin
225 North Mills Street
Madison, Wisconsin 53708

Don Field
Niles West High School

Oakton at Edens
Skokie, Illinois 60077

Harold Finkelstein
Discovery Learning, Inc.
728 W. Peachtree
Atlanta, Georgia 30308

Patience 0. Fisher
Lincoln High School

2200 .1 Street
Lincoln, Nebraska 68510

Agnes Foley, C.S.J.
MatheMatica Learning Center
1908 Selby Avenue
St. FaUl, Minnesota 55105

Lois Folsom
CurricUlum Center
680-Maple, S.E.
Albuquerque, New Mexico 87125,

Susan Forman
Bronx Community College /CONY
University Avenue and W. 181st

Street
Bronx, New York 10453

James H. Foster
8 Terrace Drive

East Greenwich, Rhode Island

Deanna B, Fraker

4510 54th Avenue, NE.
Seattle, Washington 98105

Romanger J. Fredricks

556 Heineman Street
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