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SUMMARY OF CURRENT RESEARCH

Because it is the mission of the public schools to pro. .de equal access to
education for all children, concern has been increasing in the last few
years over the under-representation of women and minority students in
mathematics classes and subsequently in careers which require knowledge of

mathematics

In reviewing the academic preparation of students in their first year at
the University of California at Beckeley in 1972, researcher Lucy Sells

found that 92% of women freshmen, as opposed to 43% of the men, had not

taken four years of hlgh school mathem: - . Since three-fourths of the
majors at the Uﬁlvers;ty required suchk | :ewaration in mathematics, the
options for 92% of the incomiig women ‘T.shmen were severely limited.

This picture is repeated across the nation.

Sells applied the term "critical filter" to the study of mathematics
because of its s;gnlf;canze in determining whether women will be segregated

out of higher paying, higher status careers. Avoidance of mathematics and
contributing to inequity and

a
poor mathematics achievement are thus seen as
discrimination for women and minority students, both during the years of
their education and in their later lives.

Efforts to counter the effects of differential treatment, and to encourage
female and minority students to participate and achieve in mathematics,
include the identification of 1) successful st i

\CL

ategies for teaching, and 2)
exemplary mathematics programs which can be recommended for use in schools,

~

Tic United States has taken the lead ir research about the relationship of
gender to mathematics achievement, despite the recognition of similar
disparities in achievement in ather nations. Generally; there has been
much less available research on factors governing mathemacics achievement

among mlna:;ty children, or replication of majority research with minority

children, in any country.
Continuing the pattern of fi~dings in the 1970's, current research on sex
differences in mathematics achievement in the U.S. indicates that these
differences persist; even, in some cases, when students have taken the same
amount of coursework. Sex differences in achievement are stili found from
junior high school age through college.

These differences, however, are not shown to result from inhers:

or from gender-based differences in visual/spatial ability.

indicate that visual and spatial ability each "econtribute to"

math achievement, but definitions of visual and spatial ablllﬁlés are not
consistent and the relationship between them and mathematical learning is
not clear. '

Factors in low mathematics achievement by minority students have been
identified as: lingusitic effects, school influences and learning style/
personality/sel f-concept. Concern has been expressed over non-
participation in mathematics study by Hispanic, Black and Native American
ﬁhlldren, and attention has been drawn to the bilingual needs of many
minority children in this as in other school subjects.
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Ths preserztation will not deal with: a) specific discipline or

- behaviy problemmms that may arise in a multicultural/multi-ethnic/bilingul

settipg-however -, this disr:usa%:m may have a direct influence Qh disci-
pline o behavio~r; b) nor will this presentécian identify the differenca
that myexist beetween subcultures and ethnic groups when considering
mathemitics learzming. 7

Ths presen=tation will attemp. to illustrate that mathematics in th
elementuy g‘fadégf,is not and should not be "culture free." As a pre-
seriptie course , the discussion will give suggestions on how to improve
the mathenatics seexperience _af elementary school children by using the
culturesf both =the teacher and the learner in mathematics instruction.

Ifme were to examine textbooks, psychomoter materials, perceptual
materiss, audio——visual materials, and other commercially produced
materids for the= learning of mathematics at the elementary school level,
one villsee piceE=ures, word probléms, etc. that depict a certain occu-
pation,iex, appe=arance, name, plar;gs,’ events, voice quality, etec,
"oommon' to the mmmajority of Americans. After so much culturally related
evidenct can one= gay the mathematics learning is "culture free?" Hardly
But, thquestior=a is whose "culture" is being exemplified?

Baks (1975>® discusses culture along a pluralistic--assimilarionisclt

continum Let's= look at some assumptiona about the gspects of culture od

learning,

ASSIMILMIONISTICS, OR THE ASSIMILATIONISTIC POINTS OF VIEW:

Stitment On.-e: Cultural subgroups have unique cognitive styles.

Stitment Tw——o0: Cultural subgrouss have some unique cognitive style;,
t share many learning characteristics with other

o
HE

n
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Statement Three: Human learning styles and charactristics are
universal.

Regarding culture and learning, statement ope isthe view of the

cultural plurlist. Statement two is the point of vievof the ==ultural

pluralist--assimilationist. Statement three, then, isthe viecwr of the

pure cultural assimilationist. (The reader is to assue the p= uralist md

the assimilationist to be at opposite enda of the accultirating= cont inun.)
To further establish the link between learning stjles and culture,
Ramirez and Castaneda report three styles:

A. Incentive-motivational styles that are shortumd longe=  term goal
oriented.

B. Human relational styles that are concerped with inter mal and
external locus of control.

and C. ~ Patterns.of Intellectual abilities and learning atyle == which
deal with 'mechanisms for collecting, organizin, and =asing
information about the environment (i.e. indutive (deeRuctive)"
(Ramirez and Castaneda, 1974)

In the raport by Ramirez and’ Casteneda they furthe report two identi-
fiable é.ﬂtagarigs into which individuals (and in this e, cule=ural gub-
groups) would distinetly fall--field dependent learnersumd fieXZ d
independent learners.

A, Field-dependent children do bast on verbal taks of ime zelligenc
cest; learn materials more easily whiech have hmor; ar—e sensitive
to the opinions of others; perfor- Sattar whe authori Ty figures
express confidence in their abilicy; and, comnwrsely, <wperform
less well when authority figures doubt their hiliey,

B. Field-independent children do best on analytictasks; ZTearn
material that is inanimate and impersonal moys eagerly 3 and their
performance is not greatly affected by the opitions of others."
(Ramirez and Castaneda, 1974)

T M
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One of the dangevsof classifying learners into such learning styles
is the tendency to makelearning somewtrat "half-witted'--especi

gne considers the overvelming evidencee thiat relates the field dependent

and field independent bhaviors with tlasmt of the hemispheric regions of the

brain.

Another danger implied from these wresearch findings, is the notion

teaching styles usumllyfall quite clem=1ly into field-independent and field
dependent behaviors. (larly, there wi 11 be the possibility of half-witted
teaching or erratic¢ comnication cf ideas to be learned.

A listing of learvnr behaviors pai red with teacher behavior is

provided for your study,

b
hed



Field Dependent

Field Independent

Learner Behaviors

Relationship to peers,
I. Likes to work with others to achieve a common
goal,
2, Likes to assist others,

3. Is sensitive to feelings and opinions of othees,

Personal Relationship to_teacher,
I, Openly axpresses positive feelings for teacher.

2. Asks questions about teacher's tastes and person-

al experiences; seeks td become 1ike teacher,
Instructional Relationship to teacher.
. Seeks guidance and demonstration from teacher.
2. Is highly motivated when working individually
with teacher.

Relationship to peers.

L. Prefers to work independently.
2. Likes to compete and gain individua] recognition,
3. Task oriented; is inattentive to social environ-
ment when working,
Pergonal Relationship to teacher,
I Rarely seeks physical contact with teacher.
2. Formal interactions with teacher are restricted
to tasks st hand.
Instructional Relationship to teacher.

L. Likes to try nev tasks vithout teacher's help.
2. Tmpatient to begin tasks; likes to Finigh Fiest,
3. Seeks nonsocial rewards,

Teacher Behaviors

Personal behaviors.,

I+ Displays physical and verbal expressions of

approval and warmth,

L. Uses personalized revards which atrengthen the

relationship with students,
Instru¢iional behaviors,

I. Expresses confidence in child's ability to

succeed,

2, Gives guidance to students; makes purpose and
main principles of lesson obvious to students.
Encourages learning through modeling; asks
children to imitate,

Encourages cooperation and development of group
. feelings. |
5. Holds internal elass discussions relating
~concepts to student's experiences.
Curriculum related behaviors, :

1. Emphasizes global aspects of concepts; clearly

explains performance objectives.

2. Personalized curriculun,

[N
-

]

3. Humanizes curriculum,
4 Uses teaching materials to elicit expression of
fééli§§5 from students.
|, e

Personal behaviors,

- 1. Maintaing formal relationship with students.

2. Centers attention on instructional objectives;
gives social atmosphere secondary importance.
Instructional behaviors, '
I Encourages independent student achievement,

2, Encourages competition between students,
3. Adopts a consultant role.

4 Encourages trial and error learning.
5. Encourages task orientation,
s
Gyrrigg}umfrelated7behavinrg.
1. Focuses on details of curriculun materials,

‘2. TFocuses on facts and principles; encourages
novel approaches to problem-solving,
3, Relies on graphs, charts and formulas,
b, Emphasizes inductive learning and discovery
approaches,

13




With the foregoing characteristics in mind about learning stvles,
let's examine some teaching assumptions from a cultural point of view,
Choose the one that best represents vour point of view.

Statement One: Students need skilled teachers who ara very
knowledgeable zbout and sensitive to their
ethnic cultures and cognitive styles.

Statement Two: Students need skilled teachers of their same

race aﬂd Ethnicigy faf role madels, co léarﬁ

selfﬁconcepzs aﬁd ldEECLELES.

Statement Three: A skilled teacher who is familiar with learning
theories and is able to implement those theories
effectively is a good teacher for any group of
students, regardlesa of their ethanie ity, race,; or
social class. The goal should be to train good
teachers of children.

Statement one, two, and three respectively are the points of view of
the cultural pluralistic-assimilationist, the cultural pluraliat, and the
assimilationist.

So far we have looked at learning styles and desired teacher
behaviors. Now let's turn to the cultural asgsumptions that relate to
selecting, designing, and the use of mathematics, curricula materials.
First from the st .tements given below, choose the one that best represents
your point of view.

Statement One: Use materials and teaching styles which are
related to the common-culture. The curriculum
should help the child to develop a commitment to
the common civiec culture and its idealized
ideologies,

Statement Two: Use materials and teaching styles which are
culture specific. The goal of the curriculum
should be to help the child to functien more
successfully within his or her own ethnic culture
and help to liberate his or her ethnie group from
oppression.

Statement Three: The curriculum should respect the ethnicity of

O
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the child and make use of it in positive ways.
The goal of the curriculum should be to help the
child learn how to funetion effectively within
the common culture, his or her ethnic culture,
and other ethnic cultures.
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pluralist-assimilationist point of view. Consequently, it is imperative to
draw examples and procedures from both the "common' culture of the Unirted
States as well as from the "local" culture from which the learner comes.
The development and reinforcing of understanding of mathematics concepts
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should utilize the notion of "soecial

to productivity within the classroom. (Larking, 1975)

Use materials that are from

1. ancfetg and semiconcrete mate ials;
the commen culture plus those specific to the learners in the
clasas. :

in the form of sato y s

2. Abstract materials: Encourage learners te interpret abstraction
itu on =

are in the learners ens ronment .

3. éggllsatlmﬁs, Use occupations, foods, Places, and events that
vi

G, Drill and Pfactfge: Since much time is spent here, use a variety
] i tural exchanges wherever possible.

Some sample activities o which you might build are:

Objective: Match numerals 1 through 10 with sets of objects.

Materials: Posterboard, stickers or small pictures, felt pen,

¢lothespin.
Procedure: Ask the learner to count the pictures in one set on

the posterboard and attaech the corresponding numeral which

will be on the clothespin to that set,

Given the numeral, ask the lsarner to find the
corresponding set.



Cuiture Use.pictures for sels that relate to a particular
2pacifie: cultures, or to a holiday.

Objective: Addition or subtraction with single digit numbers.

Material

: Baking pan, cardboard, marker.

<

M

Procedure: Draw and cut out 10 figures in pan. Learner can add
or subtract the number in and/or out of the pan.

Culture The figures could represent tortillas, hotcakes,
Specifie: cornbread, etec.
Objective  Reinforcing basic operatioms (facts), Glue, sturdy

Materials: paper or board (2 pieces), a picture.

Procedure: Glue the picture om one piece of paper or beard. Cut
the piciure intc puzzle like parts and write problems
on each puzzle part. Write the answers on the second
piece of paper or board as they would appear or as they
should zppear when the puzzle is worked out.

Culture Use a picture appropriate to the child's
Specific: culture,
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needs beyond basic health cae deiivery and education exist in plenty., Most
‘and-based Native Americans are ‘n a serious struggle for the retention and
development of the land they own, and in that struggle lies a potential for
2conomic develooment which ran change tez2lth zare and zducacion patterns Tor
the good. Thus, Native engineers, geolegists, agronomists, aguaculture
specialists, chamists, geneticists, animal husbandry specialists, and
50%anists--are all needed for recource development, —anagement, and planning
on Indian lands, Additionally, Indian teachers and brograms in these fields
are needed to raise the general educational Tevel of Native people, as well
35 L0 provide meaningful career options for all Indian--rural, urban, land-

07 all minority groups 1n the United States, Native Americans are
lne mCst D00rly represented in the natural sciences, the health sciences,
ind mathematics; yet Mative peoples are the most needful of any minority
group of status improvement in the areas of health, education and social
welfare. Indian heaith neads are senerally well-known, as are -he grim
facts of Indian underachievement in education. Even though the necessity
for more Inu:an professionals in all fields and for economic develpement
thraugnout tne Native world tie together the major areas af concern, other

{

oo

2ased and not."” (Green, 1978, p.1)

Achievement scores of Indian students fall below grade level as they
orogress through alementary and seccndary schools, Indian students avoid

n1gn level mathematics courses in high school. Upon enterin
uniyarsity thes apa gfter Junpreparad for tne calculus sequen

=

Tajors with little or no mathematics requirement, The resy]

indians enter mathematics rejated careers,

About 70% oF Native American students attend pubiic schools in the
dnited States. The remainder attend faderal] BIA supported schools, private,
ind parochial schools. The 1970 US Census found 2,829 school districts with
2t Teast one [ndian student. These districts averaged 3" Indian., Of those
anr3ilad in subiic schools 70% Tive in five states: California, Arizona,
New Mexico, Oklahoma, and Alaska. (See table 1) Montana, South Dakota, and
the State of Washingten each have more than 20 districts with over 10%
Indian enro!iment (Scherbeck, 1976).

Hew Mexico has 23,964 Indian students enrolled in public schools allocated
among 15 school districts. On tenth grade Proficiency Examination aiven to
ali students in New Mexico, Indian students had the lowest percentage scoring
1t or above 650 correct level when compared to Blacks, Hispanics, and Anglos
CRouthwest Besource Tenter for Science and fngineerina, 1281, n. 7).
3

Lae table 1)
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The State oF Wasningt olled in cublic
scnocis. 4,407 Indiam stu fat least 1O©
ndian 2nrollmant. These ol districts
{Scharbeck, 1876). The Jof iled mathematics
achievement test scores o (See table 2)

ents irm Miszissiy i helcy ol vel i
arnia Achievemen T 2 tween the mean
rde Zontinues to oWl he stu 5 progress from
2th grade Choctaw Indianm students’ mean is at 8th
zs {Brod, 187%, 5. 13 (See table 4)

as ‘t’* 1 filter
oh market o< fon Students
2 and Gepwmetry in higﬂ schgc1 ar ﬁﬂé11aib1é far
es upon graguation {Office of ?rawésh, 1976) .
Hurd in “P~qvfw~' vy are not orepared for the
and must 1imit their choice of under-
L’rﬂFPS‘ arts and humanities, if they
¢ourses. Students wio choose to enter
hanics, machinists, carpenters, roofers,
in scientific and industrial laboratories,
=@s, but are required to study high
{rienberg, 1976, p.2).

5ells (1973} disclo
for anyone entering
who have not taken A
admissions to some col
Students without 3 ba g
freshman calculus sequen
Jracduate major to educat
';{3]" to continue o avoi
vozations such as surveyors,
electronics workers and tech
zare not required to earn co
school mathemetics oeyond al

‘J:m

The evidence shows Native Americans are not obtaining sufficient
competence in mathematics to study the higher level mathematics coursas

in high school, to take the calcuius sequence, ard in enter mathematics
related careers. All the recruitment efforts of ILndian ccmmunities 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 mathematics and 1imit their choices in the
job market, there is little hope to raise the overall relative family

incomes of Indian people to any significant degree.

[f mathematics educators of Indian students are to resolve this dilemma,
we must 1nvestigate the contributing factors. For any school setting the
student's education is effected by teachers, curriculum, administration
and community. Indian students have the added dimension of living in two
«Worlds-home and school which are products of two cultures - Indjan and White.
“he guestions are: How do these cultures contribute to Indian students
avoidance of mathematics and lack of compatence with mathematics? And what
other factors in the school setting contribute to the avoidance and lack of
competences?

Dr. Rodney Brod (1976) compared Indian students with their classmates
ang found the differences to be that I[ndian students had more resident
changes, were more rural, Tived further from school, rode the school bus,
hac¢ older siblings and more sisters, had Tirge families, and no phone
listed in school files (Brod, 1976%7. To consider these factors, no phone,
changing residence, and living f:r t-om school, teachers and school administrator
would not have an easy time conte g parents when they needed. Likewise,
having large families, living far from school and no phone, parents would
not have an easy time visiting or contacting the school,

i
»
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e
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heva e students ‘n relation o the llavalic Language
énguade nas styles 0Ff InougMt and communication. wnich
tnelr aoproach to soiving problems and learning
“heir papers indicate znat research is needad to fully
Indian Language cn mathematics learning of Indian
in inG tns fechanism of Underrspresentation
tics, en of ather res have ﬂi?FEPEﬂt )
ben fn. AY. yme decide to tell thei-
to ings. Elementary teachers of Indians
ildren’ the classroom. This factor makes
ng methods riate in traaitional Indian
s Gr ) . However, Indian students' behavior
2 ig czsed ?Eéfﬂnu: when vérbal resgonses
i i rt of everyone's learning. The
2 in 2 o be a verbal response, but can
2 ¥ iticnal Indian communities/tribes had
7 5 1 communication,

n Mathematics in American Indian Education,

oorting on ference o

res 1978} wri » 'tonferees agreed many mathematics teachers and
3€:0rs perpetuatad the myvstigue of math as hard and inaccessible to all,
tne prigntest <tudents” !p. 4). This may occur from their own F5211ﬁgs
t mathematics, for they :uffer from painfyl experiences with math
zman, 1976, n.11'.

Zonferaes on Mathematics in American Indian Education agreed Indian
nts are aath unorepared and dissatisfied with mathematics (Green, 1978,

E:JEE
S.o=) 3 eenagers are more verbal than those in elementary school,
Ta=z rece] ag 1nst the "stringent discipiine practicead by federal and

1 schools" and choose not to study the most ‘"disciplined, visible

™n forms of education", which they believe to be math and sc14nﬁe courses
n, 1978). In nigh school Indian students select social scienca and

i 5. Tor tney appear mora relevant to their 1ives.

1

o e ke e *
e

d counselors believe Indian students are incompetent in
They encouraqge unly the most promiiing students oo :take

TSN STRE St IO

i iner mathematics courses in nigh school. Or. Brod, University of Montana,
‘gund ;eainers will give wnite students the benefit QF the dcubt when grading,
out saldon extend this practice to Indian students (Brod, 1976).

Parents influence teenagers, expecially mothers. Iﬂ Choctaw student
J-;ésgmént of vocational needs the question was asked: "In choosing your job
~r Zareer, ~hose ideas are most important?” The major responses were
'm; fdfas! (21.9,) and 'mother's ideas' "36.92). The major career choices of
-Unitaw student’s were Professional /40.55), and Craft/foreman (15.65)

D
;]9, Ly



Q

ERIC

Aruitoxt provided by Eic:

(=Y

{3rng and Brog, 1876 ils stugent assessment of vocational needs the
zame guestion was ask Jjor responsas were "my ideas” (90.3%), and
‘mother's ideas” {52. a jor career choices of Colville student's
fess {3 tive (11.2:). clerical (10.4%) and service
10,47 ra 12810
3t T2 D22
arear, = n Lomarn
nas successTully gractic oplicq 514n
The second is the ir scans o - ideas, at
aroblems to test ideas,. all =1 w@rk and seeks to learn mare about
mathematics by himself , 8C). Twraditional Indians had a highly
developed memory needed to pass on the cuiture (Moore, 1981). This ability

to memorize has not been employed in the mathematics classroom. B8ut as

Fasley writes, students who memorize definitions and algorithms do not survive
in higher mathematics courses as wet! “ne "self-taught nrobiem solvers

4ho easily create wavs %o solve new tics croblems” (19
any case neither of these two ; students is bein
indian students by their taach

[T

b1
1980, 0. 3). In
g encouraged among

The question to zddress at this point is how teachers contribute to the
lack of mathematical competence among Indian students? In elementary schools
tsachers teach many subjects. Thev :L fer from math anxieties develooed in
+heir own school days (Sells. 1973, p.2). Generally elementary school teacher
are not trained nor enthused about mathematics. Hign schoci teacners are graiﬁéﬂ
1n the subject but lack special training and commitment for Indian students
{Green, 1978). Most teachers believe in eaqual education for all, but they do
not have the resouyrces to meet the responsibility. Teachers §r1t1§ize their
studies at ca11ege and universities. MNone of their courses provided the:
understanding of problems they dealt with in the classroom (zasley, 1980).

Lucy Sells (1973) wrote "“the traditional c1as;raam forces people into
roving other people wrong." Jack Eas] é 195@) wrote "Mathematics classes
e '‘extremely dull' in a11 grsdes K-12 in all kinds of schools for all kinds
students."” When students simply memorize facts, they do not learn how to
v them in the real world. When they rely on formulas, they do not learn
hink (Heltzel, 1975); The two forms of problem solving are: application
lgorithms to written problems and the creative exploration of a problem
tion. The first is considered orohlem solving by elementary school
5 The second is needed in advanced mathematics courses and in real
ituations (Easley, 1980). Elementary school teachers are afraid of
who demonstrate creativity in mathematics. They overlook the
of students and prefer to focus on the economic pay-off in later
sen (1978) concurs that Indian students are encouraged to study
tg fylfill a college reauirement or vocational program.
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Mathematics materials for [ndian students needs more attention (Green,
). Many textbooks used by Indian students do not address their cultural
intellectual interests. The quality tends to be less than satisfacory
=

1980) .

79
d
or

E)
1
-
g

B e

Yerbert Their, of Science Curriculum Improvement Study at UC, Berkeley,
warns educators against the "remediation syndrome" and "identity accomplishment
~onfusion.” The "remediation syndrome" is the belief the child is the probiem
and needs more time at the same thing. -By spending more hours the child
suffers longer and develops a poor self-image and dislike of the subject.

Ezoa



O

ERIC

Aruitoxt provided by Eic:

c riass,
3 Je okay
E in Toda
eriap
Za Jond oass -
5 3N ‘2arning o ing
000 ommuUNi Ty mern The
o5t relarted sx1° d rel
coTmurity Or. Tneir f2els an axper
"‘dtes the Indian sztudents icrngol, Ao
Promising approach in the matrematics
ulum snould oe plannec with the cogpe
inity.
inswers to why Incian students are not , ai competencs
ire many, Solutions vary decending on e zulturs Ment oF specific
Indian students. fowever, mathematics educators he following
~-rograms and 1deas significant for Indian mathemati n.

aeorge Cardell (1978) wrote "E4£tending Counsa into the
Tlassroom M. He degemites the senn igarning sxpe mathematics
f2icrers of Mascalero-Appache chiidren. Tha teach the mathematics
25300 in ne traditional fasnion Learning stati up around the
ciassroom with a peer learning leader at each sta udents were free
0 choose their leader and to rotata among the stations e leader reviewed
the iasson, allowed students to ask Guestions, and checked their work. To
~ind up the lesson the learning leader gave graded check-up reviews which
4872 3D0L cnecked by the teacher. When compared with a control group the

©5_1n the Zear jearner experience dained more in mathematical concepts 7
G sniils, ceveloped positive attitudes toward the experience and demonstrated
I7oATn toward positive attizudes toward mathematics (Cardell, 1978, p.12).

~0nn zariy {1973 wrote "Education via Padio among Guatemalan Highland

aya’ Thirty-four teachers converzed their homes into classrooms three
2venIngs 3 week. Core lessons were broadcasted each evening in the Tzutujil

anguace. The teacners turned off *the radig Tor review guestions and ‘or

YT IAG 3TUGENtS work.  (Once a week the teacher returned to the broadcast
rile 0 discuss their classes and the lesson for the coming week. This
Jrogram reached 906 students over four s/2ars. The students were friends and
relatives of the t2achers, put they had relativel. no formal schooling.
"lr zomparison witn other educational and development projects in the Highland
ava areq, the resuits nave been outstanding" (Early, 1973, p. 228).

fative American loom Seadwork has prooertias which illustrate ma thematical

20ncents in Geometry, Coordinate Geometry, Number, Theory, and Measurement.
vlaudette 3radley {1976) has used loom woven beadwork to develop mathematical
tulture based curriculum for indian students. After students master the task
0% mazxing loom beaded items the students were to develop their beadwork designs
On comouters using Log. Seymour Papert (1980) has developed Turtle Geometry
S57Ng LCogo computers. His theory is that students learn mathematics by
451nN3 mathematics to write computer Programs that draw shapes, designs, or
AN MATot pictures on the L0g0 TV-s<creen (Paperr, 1380). Mative American lcom
N o

NS dare 1deal subiects for Logc computers in tachnique color,
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Troiect v Ailliam Johntz (1580) is for minority school
ge <nildren, n antists and mathematicians teach abstract conceotually
riented mathematics wi the discovery method. The szaff loves mathematics
and communicates well wiin studerts. Thev nave observed creative alswers
ind questions in their students to resconses that are gererally considered
"wrong" answers by traditicnal —athemati<s teachers. Project SEED has been
successTul n Berkeley, Califarps - witn ith and 5tn grades for over 17 vears

JOregon Mathematics Learning Centar Salem, ;reqcn ras designed creative

ways Tor teaching mathema<ics. Cne way i3 : ach (Mitzman, 1976,
o. 11,. The n tics Jab aorovides apport : for students *to expiore
ics u games and hands on materials. The center offers workshops
: slace r materials for learning mathematics.
chers nhave been Indian. The written responses of
e wor s ware very Dositive. Many teachers became
0, 13 elzIai, 1374,

In summary, to 2address zurstion of what factors may imorove the
mathematizal competence D? an student: the analysiz of this paper places
tne findings in three categ 5: the cognitive comain, the affective domain,
and the social domain. In the cognitive domain Indian students must be
g=zouraged to reconstruct matnematical ideas, create problems, test ideas,
complete classwork, and seek to Tearm more mathematics on his own. As in

the SEED project, Ind1aﬁ students need tc
which can be accomplished through treat1ve uses af hands-on materials, as

well as, calculators and computers. In the affective domain Indian students:
need support and counseling from Indian community members and mathematics
related professionals. In the social domain Indian students may need briefing
or mathematical language, test-taking strategies, and/or appropriate problem
50lving 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 I[ndian community members took primary
responsibility of developing ~ulture based mathematics both in and out of
school and worked cooperatively with rathematics teachers of the school.

Mathematics educators should be aware of research in culturally appropriate
communication styles, éssé§i311y in reservation areas. Of particular interest
srould be the issue of silence in elemantary schools of Indian student and

~he traditional soohisticated non-verbal forms of communication. There are
other forms of expressing learning than talk, The use of hands-on materials
and computers would be appropriate for gquiet students. Discovery methods
would work and teachers would learn to recogriize learning.

A% tne high school level particularly, Indian educators should research
the job market within Indian cemmunities as well as the greater non=Indian
community, They should familiarize themselves with the role of mathematics
in these vocations and profazssions, relating the informaticn 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
apout the necessary change:. Mathematics 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 hecome frustrated over “he changes in mathematics curriculum, the

oy
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The Problem

One of the THasic problems we face as mathemstis educators, deals with
the ways in whickm we can be more effective in commuicating mathematical
ideas. This com—aunication becomes criticai when tehing students for whonm
English is 3 langguage not understood. 1In view of th learning difficulties
which face langussage minority students, the lack of mficiency in English
is found to be at= the core of the preblems. Languap proficiency is also
the focus of the various legislative and legal mandits which direct school
systems to provicSe equal educational opportunities t linguistie minority
groups. Both the= Bilingual Education Act and the Luvs, Nichols
"Remedies" addres=s the fact that ", . . students whido not unders tand
English are affee=tively foreclosed from any meaninghl education® (414
U.5. at 566, 1974—). It is widely believed that the linguistic minority
students' failure= to achieve in school is caused bytle "language problem,"
Research studies have also indicated that there appwrs to be a
relationship betw—een these chilcdren's degree of profiiency in Eng 1ish and
~cademic function _ing (Lewis, 1959; Carter, 1970; Aniwson and Johnson,
1971; Campbell, 1 973; De Avila, Cervantes and Duncan, 1970; Cummins, 1981).
It may be assumed from these results that the more mficient in Emglish
these students ar~e, the greater the opportunities avwilable for them to
achieve in school . Applying this agsumption to the larning of wmat-hematics
two basic questiomzis must be addressed before intervetion programs are
designed to assis=r these students. First, to what etent does the
student's first acmid/or second language effect learnip and the assessment
of achievement in mathematics? Second, what Englislhlinguage skills are
necessary for sycc=essful achievement in the subject!

The above que=stions provide the foundation for te study of the
problem--underachZ= evement in mathematics as a resultd lack of pro ficiency
in English., In ac3dition, the issues raised by the qutions are re levant
to all language miz nority students; the inability o w the English
language in a sche>ol setting is 3 problem all Languap groups face.

i)
Lo
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Analysis of the Problem

' education ~may be analyzed
o=
o=
fe = : nastery 1 1 caﬂcepts and skllls may cgﬁt
t—o a further clarification of the lem and possible solutions.

etween language and learning is not

a anguage determines and defines
te=nough - y have tended to accept only a
1= mite ct However, his coworkers have
e==cpand thi est that language development may be
ie=1fluen by ¢ a pment since some major changes in
l==nguage mastery occur at times when major cognitive changes occur. From 2
fi_=rther review of the literaturc, it may be assumed that languagze and
le=arning are strongly related.

The relationship between language mastery and mathematics learning has
le—ong been accepted, although not always recognized as a factor in the
le===arning of mathematical concepts and skills. There is sufficient evidence
0== this in the literature. Thorndike (1912) stated that ". . . our
ae=masurecent in arithmetic iz a measure of two things: ser math

kr—iowledge on the one hand; and acquaintance wi anguage ok

A=S ken (1971) in a review of verbal factors and mathematics learning,
reports that researches have long recognized the role language plays in
pe=r formance in mathematics. Studies indicate that there is a positive
ccorrelation between reading ability and scores on tests of problem solving
i arithmetic. More recent studies performance and second language ability
(C=ossio, 1977). 1In addition, there appears to be a relationship between
ir—istruction through the student's native language in curriculum content
ar=—eas and high achievement in those areas (Granado, 1976; Tsang, 1976;

Cc—>ffland and Cuevas, 1979; Cue-ras and Liabre, 1981). In summary, the
ree=1lationship between language factors and mathematics achievement is not
¢Elearly understood but may be appraprlate to assume tha in order for a
st=—udent to master the mathematics concept the language of the concepts
m_3st be mastered.

“n-

In addition to the relationship between langu age and the learning of
meathematics; the role language plays ii =ssment of mathematics
ac—hievement must be discussed. The ut

: liz :f a language not
ur—derstood by students is frequently given as one of the reasons for the
irmappropriateness of existing tests and testing situations when used with
t—=ese students (Moreno, 1970; De Avila and Havassy, 1974; Ramirez and
Gc—nzales, 1972.) A ccording to Chandler and Plakos vucabulary contained in
tt—e instrument is unfamiliar to them. Gearder (1975) provides an argument
s—_apporting the notion that the use of English as the language of the tests
i==s one reason for the obtained decreases in the achievement scores of

-
e ]
-]
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)
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Hi= spanic students. Although this claim is debatable, several studies have
le==nt support to this hypothesis. Holland (1960), Mycue (1968), and M
ar—xd Meeker (1973) found that when tests were translatad Hispa ﬁic stu
te==nded to do better on the Spanish versiona than on the English versic



But on the other hand, Anastasi and Cordova {1953} and Manuel ang Wright
(1929) found no significant differences in performance on the Spanish and
English versions of achievement tests. Clearly a factor Sometimes
overlooked in these Studies is the degree of native language proficiency
Possessed by the students ag Compared to thejr comnand of English.

Some researchers (Oller and Perkins, 1978) have even hypothesized that
iﬁtelligenze, achievement, and Personality instruments basicélly test
language proficiency. These authors have presentead results of factory
analytic studies in support of their claim. Givern the inevitable '
dependence of achievement and intelligence tests on language, ir seems
logical that such tests would have decreased validity and reliability for
less than Proficient English Speakers, Concerning the effects of language
on the generalizability of mathematics achievement zcores for bilingual

achievement tests (concepts and applications) fer Students whose firsc
language is Spanish are less reliable than what is usually reported in the
literature as acceptable. Given the results of their résearch, Llabre and
Cuevas (1981) also report that the pPrimary language of instruction (English
Or Spanish), the level of reading pr@fizieniy in the language of B
instruction and the skiil being measured should be taken into account when
interpretiﬂg mathematic achievement tegt Scores for linguistic minority
students,

The previous discussion dealt with language in general as it relates
Lo the learning and assessment of mathematicsg., Concerning specific
language dreas, reading related skills appear to - - a2 siznificant part in
certain types of mathematicsg achievement. A comsi~:. . of results obtained
by Banting (1922); Roling, Blume and Morehart (1u». and Stevenson (1925)
includes the following reading related causes of failure in solving
arithmetic word problems: (]) difficulties with word recognition; (2) lack
of knowledge of vocabulary; (3) careless reading of the problem; and (4)
lazk of understanding the quantitative relationships. More recently,
Hargis and Knight (1971) report that while reading materials have been
developed which match the child's language, mathematies materials oftan
Present a mismatch between the vocabulary of the fext and the stident

vocabulary. It is Hargis and Knight's contention that more attention must
be paid to reading related skiils Since all mathematics ideas are "imbedded
in definite language statements with clauses signaling féiatianships and
nouns signaling ideag." In additien to reading skillg, Cathcart (1974)
Féports that the student's listening ability in the classroom has a

significant effact on his/her mathematicsy achievement.

The object of the preceding discussion was to place an emphasis on
language as it relates to rhe learning of mathematics since proficiency in
the language of instruction is sec important. The child who comes from a
home where English is the main language spoken will have heard many of the
language constructions used ip the -mathematicsg classroom. One cannot make
the same assumption for the child whose native language is not English.
Research efforts muse be directed towards the analysis of language skills
and language-related teaching strategies which will facilitate the language
minority student's learning of mathematics,
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Throughout the search of the literature me zlaring fact is e
there is a dearth of research concerning the nture of the
between langgage (in general) and mathematicsleazTning and the

the féf’;us is placed on language minority studmts . the absem:e of resea
studies is extremely apparent. Based on the prem: ses that language dga
play an lmpaftaﬁt part in mathematics learnimand that laﬁguage factor
account, in part, for the language minority stderyt's underachievement in
mathematics, future research efforts should mdi—ected toward multivariate
studies of the relationships among selected apect s of mathemstics and
various language variables. Careful considerstiors must be taken in

i ng levels of student language proficierrcy, sociceconomic status,

age and sex variables as factors in the researh <esigns.

With respect to language effects on the ssessment of mathematics
achievement, studies need to be conducted whith exxamine the raLaELanEhip
between the level of reading difficulty of thtest and student's
performance. As with all research conducted sith 1limited English
proficient studasnts, the definition and asseasment of language proficiency
must be carefully thought and carried out.

More specifically, the following are somof the questions which are
suggested from the ab:\ve two areas of concern

1. Wh ture of the reading an{ larzguage {general)
. . e

snt in selected ares of mathematics (concepts,
" )
2. 1Is there a language effect upon achiwement in computation?

3. To what extent do mathematical skillitransfer from one language
to another?

4. What is the relationship of reading chievement in the student's
home language and performance in problem solving in mathematics
for bilingual and limited English prifici ent students?

5. To what extent do specialized languap meethodologies, such as
English as a Second Laﬁguage (ESL) inthe content areas,

facilitate learning in mathematics?

The
study.
opportuni

e; then, are just a few of the many dallenging qu Etiéns for
Their answers will hopefully provide ity of educational
ties in mathematics for the languageninority students.

P H‘ o
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r meets »
pr women and mathemarics is socially significant and

cationally imporranc, If one is commitred to the belief that women
uld have the same 9pPporcunity as do men ro participace in all aspects
Gclecy, then the issue of Sex~related differences in mathematics -
omes wvital. Withour adequate preparation in mathemaric people are
ctively filtered aut of MOEL post secondz u

iAcreasing number of jobs and professions 7 d

Tent or change in adul thood is also sever

Mathemacicsl training. Wnile inadequate

¢Veryone, many more females than males fa

tial in machematics, This appears to me 2

lnequicies in education thac currencly exists. Wi Ut machemati

“howledye and skills, women will never be able to achieve equity in sociecy.
There is a firm knowledge bases abour
~omen and mathematics. There 4re 4 great many data from a large vari
~f sources about enrollment patrerns in high schcols and universicies.
Data about achievement by females and males are available from national,
State, and local assessments. Sex has been included as a variable in
mathematics education research for decades and since about 1974, scudies
have been done which have lncreased significantly the knowledge of facrors
related to sex differences in mathemacics. 1In addicion, many interven-
tion programs have baen designed and implemented. These programs, while
ir most cases nor well evaluated, have increased the intuicive Knowledge
that many have abour the extent of the problem and procedures which might

oing to review all of these data and studies in this paper.
b

i am not : Lo re ,
L€ are available other reviews which do that job (Fox, 1980; Lancz,
730 ). Instead, I would like to share with you my synthesis of what the
voblem is, whace causes 1it, and some possible solurions. Hopefully, the

15,

€513 is based on the knowledge I have gained by studying the problem
sive or abour a decade and through my contacts with many octhers

] ved in the area. [ would like to caucion you, however, that I plan
‘o raise serlous questions abour many ideas which permeate the rhectoric

about women and mathematics. I am deeply commictted to achieving equicy

in mathematics educarion for females, as well as all other groups. How-
ever, [ do not believe thatr equity can be achieved unless we base deci=

sions for actien on firmly established knowledge.

What is the Prab}gm?

There are three componencts of the problem: participacion

jx}
matics courses in Secondary and post secondary years, participation i
-upations, and achievement or performance in
e

adulir mathematics-relaced sce
mathematics. While there have been sex-relared differecnces in th
les who are enrolled in mathematics classes

Fercencages of females and ma
'n secondary schiools, the best tnformation we have on a nacionwide b
is that chese differences are not dramatjc uncil post secondary education.

- 9735
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=ale2s than f2males elect ma
. a1t =oure adwvancae levels
12T 23 they explailn the ext
Tdrtnematics relaced careers
Inscead of daca coilec:
s strickt
t ia ma

idual
4 on .
a lled
E =1 L T v Wi 2 20
2rcouraging on a broad scale, it is only by look
that meaningful assessment of females' enrollmen
can be made.
All the data available indicate that cthe diffe; rol
is greatest in post-secondary mathematics courses and in all programs
where mathematics is a key component (such as Engineering or Computer
. Science). Bv adulchood, =he vas:c majority of people who use mathemarcics
are male. )
7;§”A:;;ewszﬁh
3efore 1974, most studies reporced mals
learning (Feanema, 1978). These sctudies usu
emales and males in secondary schools. Sin
fave not chosen to study mathemacics as orfte
secondary school classes, a population of mal
studying mathematics was being mpared to a 20
~ac studied less machematics. Since the single mos:c important iﬁfLuEﬂCE
i an learning mathematics is studying macth tics, it would indeed be
strange if males had not scored higher on mathemacics achievement than
did females.

Juring the 1974=78 years, there were a number ovf studies published
Jhich ﬂalca:ed Eha; sex QLEEéEEﬂLé: in favéf @E ﬁalés were nét s 5:rﬁng
aa £

Q
10k r € - . 1 d
hicn b 1e at le:z artial je Th
studies have carefully controitled the number gf macthematics courses
studied by hoth girls and bovs and have also ed ltéms of differing
wnitive complexicy to assess learning
37
7
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“ach n hig
1981). Just how strong are the reported differences? n
ysis of th auantitative ability (which fr
lon of the studies used can be roughly equarad with mathemat
), Hyde (198l1) concluded thar gender differe t
are in actfuality quite small. Sex differ
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Jne can only conclude from a variery of sources that while
lated difrerences in achievement are not always found, when th
und, thev indicate that boys outachieve girls in high level co
Si Differences in both course enrollment and achievemenr ar
specific. In some schools, no differences are found, whi

0o M

thfaiffgfen,

|

s Exist

Wnact is the cause of these sex-related differences in math

both election te study, and achievement? Involved is the cognitive
acquisition of mathemacics by females, as well as the attirtudes or affec-
tive beliefs held by females, » and educatoers toward
‘emales as learners of marhemar cs. 1€ gnitive and affective compenents
4r® 50 intertwined that it is diffieulct if not impossible to separate

d over a period

them.. Not only are they intertwined, but they are devel
7ears in a4 complex social marrix which involves hom
; I In addicion to these soeial and educational influences, cthere
has been increasing discussion in the last few years aboutr the influences
variables. It is outside the scope of this paper to discuss
Zenetic influences (See Stage, 1981; Fennema, 1981
h discussion). Howaver, the knowledge base rrom which
vnclusions about genetic differences are drawn is very small and conc.u-
sions are usually based on poorly interpreted data. In addition, che
conetic argumenc, even if it were true, could never explain the large
dilfferances found in parcicipation in mathematics~related careers.
Therefore, it is more sensible ro focus on variables which are amenable
I+ r"hange.
ine coxnitive variable whirh many bel{eve
cex=related differcences is spatial vigsualization, or th.e ability eo
nulate rigid figures mentally. Even though the exisrence Aromany sex-—
2vidence is scill

related differences is currencly being challenged, the

38
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MErHudslve Linabe 1 IOV CUlCufes, Tlu sumufznrxzy an Z\“éé Ehdi regiire
spatial visualization {s evide ? nnema,
1975: Maccoby and Jacklin., 197/ matics
and spatial visualization .s | < v Ln maihemac;t:i cerms,
spacial visualizacion requires rotation, reflection, or rraaslaction of
rigid figures. These are imporrant ideas in geometry. Many mathematicians
believe that all of mathematical thought iﬁvalves géﬁméﬁr cal ideas
Gargnawskl 7 I:arefér if spatia ] i = zeome-—
trica tiecal zlves geametrlca; 1deas,
spatial v;sua;lzatlan and ﬁathema ics are lnseparamlv intercwined.

Not oaly are spacial 1 ci . relatei ro ideas wizhin
the structure gf mathematies, butr spatial preserntations are being
ingreasingly included in the ceach. .ng of macthemacics. For example, the
Plagerian conservation tasks which are becoming part of many schoo
grams, involve focusing on correcc spacial acrcributes before quanci
length, and velume are conserved. Mose concrete and picterial rep
:az;ans of arithmetical, geomecrical, and algebraic ideas appear to
be eavily reliant on spat;a; EEElbUE The number line, which is useg

es,
and cperations on them, I
inl representarcion. Lllusﬁsazlng the commutativicy of : i
turaing an array 90 degrees, involvy fes a direct spartial i

Although the relation béEHEEﬂ the
in maihématics, 1

macher The hypaznesls Eha: I and my calleagues are cur
inves Eigatlﬂg is that the cricical relationship between machem c
spatial visualization is not direct, but quite indirecr. It lﬁVSl ves
the :translation of words and/or mathematical symbols into 2 form where
zpatial visualization skills can be utilized.

We know that females tend to sccre lower on spactiat vi
tests than do males. What we do not krniow is if females difs r
in their abilicy to visualize mathematies. Also noc known is if 80
spatial visualizers are better at this translacion than are poc
lizers. Ha@evar I am increasingly convinced that there
1EL3 spatial visualizacion skills and ¢ i
am continuing ro inve
less convinced
help;ﬂg understaﬁd

cithier encuurage or requ1re che use Df spatlal Vl%uaLlEaELGn skl;és.
“hile some nrimary mathematics programs encourage the use of concrete and
fictorial representativns of mathematica! ideas, by the time children

ire 10 to ll years old, symbolic representations are used almost exclu-

sivelv. Perhaps boys, more than girls, utilize the concreta representa

Linns_during primary years, and thus, develop higher skills in using spa
cie’ owvisudlizarios in iearﬁing machemativs. As far as [ xnow, h@wévéfi‘
weooe 15 investixgating a hvpochesis.
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If sex-related differences in machemactics can't be explained by

ici lables ] here other variables which will help? Several
1 as affe¢tivé provide importa-t insight into why

- not to study mathematrics bevond minir il requirements and
‘ning macth as well as are males.

[
!
m
[

e variables have to do with feelings, beliefs, and attitudes.
domain is a zampligaced one and nss fEi%;VEd less actention
i i Tt ithin this domain
] =33

achema:;gs sﬁudy (Fox
Ell dEflﬁEd vaflabLES

1 1 1
plex va susal azzributlans\ has been hvpath251zed o
an lmpaftan; deter of electing to study mathematics (Wolleat et al.,
1950)

Co
Seneral
of a ce
Confider y
new mathemacel £ I
measured by Likert-ctype saales whlch include ;Eemg such as: I am sure
that I can learn mathematigs; I can get good grades in math; or I'm no
gzood in macth. '

The literature strongly supports the fact that there are sex-
relacted differences in Ehe confidence—anxiety dimension. It appears
reasonable to believe that lesser confidence, or greater anxiety on the
part of females is an important variable which helps explai.. sex-related
dLir:i

£
‘erences in mathematics studving.

T

While evidence exists in abundance that there are sex-related differ-
ences in this confidence/anxiecy dimension related to marhematics, much
s unknown about its rtrue effect or how such feelings are develnamad. The
relationship between spatial-visual processes and the confidenc ‘anxiecty
dimension has not been explored. What effect d
nave un cognitive processes involved in learning mathemarics a:  in solving
mathematical problems and vice versa? Are feelings of confidenc_. stable
T

iety of mathemartics activi=
ties? Does lessening anxiety increase eicher learning or the willingness
£ -

i
onfidence affect females

to elect to study mathematics? Do low levels of
differently than they do males? Are there really sex differences in con-
fidence toward mathematics, or (as many have hypothesized, HNash, 1979)

are temales jusc more willing to admitc their feelings than are males?
Currently, there are many studies underwvay which will help in answer-
ing these questions. Until they are available thcugh, one must just
accept the evidence that females, across a wide age range, do report more
anxicey and less conti

dence toward mathematics than do males.

ry
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Even when females suc hev accribute their sue-
ces585 Lo lactors ocher chan ch as luck, much more cian
d 1 (Wollear et al., atcribution pactterns

i ibution theorv hoids

nces in mathematics.

85 CaUSes s5uccesses
ibutions af causes of
macrix with locus
and seability and

External
Task
Unscable Efforc Luck/
Environment ;
Flgure 5

One can believe that success or failure occurs in matiematics
hecause one is smart or dumb (ability), one ctried or did not trv terarc,
The matnemarics one (5 Jdoing is easy cr difficulr friack) ., or oane Fas .o

as\ i
cresn’ U onave a4 zood reacher (luck/env: ronmenc) .

Pattern of causal attributions affecrt persistence 1n achievement

riented behavior. [:1 a somewhat simplisrcic summary, {f .ne zcrribur.
success Lo an internal, stable dimension (abiiiry), then 2ne expects
success in the future and will continue to strive inm Ehat area. If one
attributes success to an unstable oF an external cause (e.g, the teacher),
then one will neot be as confident of success in the Future and will be
less apt to strive or persist. A somewhat different situation is true of
failure attributions. If one az;ribucgs failure to unstable causes such
as effort, one might work harder the next time and failure could be avoided

Yirh this situation, the tendency to approach or persist at tasks will be
encouraged. Atcribution of failure to a srable cause, on the other hand,
will lead nne to believe that failure can't be avoided.

Yhile we must oec careful of nvergeneralizing daca and concluding

that 1li males behave mne way and all females another Wav, many studies
Mive reporcted that females and males tend to exhibit difterent artribu-
tional paccerns (Deaux, 1976; Bar-Tal & Frieze, 1977). Males tend to
attribute successes ro internal causes, and failures to external or
yunsctable causes. Females tend to actribute successes to exrernal or
unstable causes and failures to-internal causes.  This attributional
pattern has been observed in mathematics (Wolleat et al., 1980) as weil

As in other areas and probablv affects both long term persistence (elec-
tion of courses) and short term persistence (sticking with a’ hard proolenm).
This particular combination of ateributions (success attributed exter-
nally and failure atetribured internally) has been hypathesxzed to strongly
affect academic achievement and, in particular, females' achievement.

e
o
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Ps explain remales not electing

e lness to them of machemarics

. ). Mathematics is a difficulrc subjecr and not

yable for many learners. Why should one studv it if it

ise? Females in secondary schools as a group indicare

feel they will use mathematics in the future. Females,

respond negatively to such items as: 1'11 need mathema

@ Wwork or mathematics is a worcthwhile and useful Subjecrt,

P, dre much more apt to report that mathematics is assen~-

career they plan. As early as 6th grade, these sex

pear. If females do not see mathematics-related careers

e will alse not see mathematics as useful.

N to indicating more negative beliefs than do males on

affective variables, females also report that they per-

S, te@achers, and counselors are not positive toward them

thenatics. 1In addicion, males, more than females,

early asg grade 6 Stereotype mathematics as a male

°f levels than do females.

20Cyping of math as a male domain, is ac leas
. )
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pPriate activity for males than
undeubtedly communicated ro girl
tle ways. Math is Perceived to be i
ical to believe that when young girls
+ they will feel anxious abour succe
attitudes bacause they must, at least par
in order to achieve in mathematics.

While the evidence is strong that there are sex-related differences
in confidence in mathenatics, perceived usefulness of mathemaeics, and
“ausal attribuctions of success and failure in mathemacics, I'm always
somewhat puzzled as to whar implicarions such knowledge has for planning
i have no troyble saying and believing thar females should learn
ithemarics to the limits of their abilicy, tha ] 3
fident, they would learn mathemacics betcer, and thar if they perceived
mathematics as more useful or attributed suce E
they would persist in stucying mathematics.
<nowledge gives me only limited power to promoce
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ess and rfailure differently,
Cerctainly juse having that
Changing beliefs
However,

ng of how

ind actions by learners, while not impossible, is difficulrc,
=ducational SYsSCems can promote such change, and an understandi

Iafluence females' beliefs about mathematics is helpful.

Educacional Variables

While the entire sgpcvial milieu influences how well one learns as
well as how one feels apout mathemarics, the most important influences
occur within the classroom wkere mathematics is taughte. Learning environ-
ments for zirls and boys wicthin classrooms, while dppearing tu be the same,

ditler o urear deal, The most {importanc component of he o
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EfEﬁElél Eeaéhef Etpettailcn is ;ntuiﬁ;vely
phy and Good (1974) repere that teachers' expec-—
are EElEEEd to the wav they interacr with students. An interes-
study by Becker (l98l) which was done in 10th grade geometry classes,
irms this alsc. Becker hypothesizes that the sex-related difrereaces
tound in teacher/student interacrions were stronuglv relaraed to d4iffer
ial teacher expectancies. However, other studies designed expliciciy
xamine teacher expectancies report no differences in expectancy of
“ess in mathematics by teachers for girls and bovs (Parsons ec al.,
nd students report that teachiers have higher axpectancies of success
than for boys (Fennema et al., 1980). Once again, no clear -ut
about teachér expectancies of girls and bovs in learning
can be reached.
oblem of differential treatment of male and femaie
is well documenrted and I have no doubt cthar it ser
ER-T ning. lt is easy to conclude that, but the longe 1
nroplem, the more complex it becomes. iost overt behavior bv teach
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1ppears to be nonsexist and fair to most students. In manv cases, a
=rs interact more with bovys because thev feal thev must to maintain concrol.
“liny negative interactions occur becween boys and teachners. On the surfuace,
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raccion with girls ar
be gcod educaticnal pr
negative. I believe Eha;
So than males, are not re
education, thar of becomi
solvers and who do well in high l
ore tha b@vs, fail £o become auton
icazed by glfls more negative atgltud
m high level cognicive tasks, i
hematics and attriburienal pat
;n machematics ouccomes as well : r
tasks. In order ha become increasingly autonomous, one must develop
conf ldEnEE in one’s ability to do difficulc learﬁing Easks ané also belieave
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es ezlaﬁed to Ehé ablliag

, confidence in learning
indicates lack of conrcrol

formance in problem—solvingz !
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dEFE be Sviars are developed by
thin social interactions. Young
red o be dependent. Girls receive
establisting themselves as indi-

Tt is Belleved that depgﬁé nﬁfindep
the socialization process, mainly
girls, more so than boys, are en
more protection and less pressu
viduals separate from parents. Be =] =
to Eﬁga§é in independent explorati of their worlds (Hoffman, 1975).

uyse of rhe sex-typed social reinforcement of dependent/independent
i
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iors, children enter school with girls tending to be more dependen
rs and boys tending to be more seli=reliant. What appears Lo
happen is that scnools marely reinforce and further develup in girls
bovs the dependent/independent behaviors thevy bring to school. This
of behaviors is particularly apparent in mathematics.

whac pf@hlblts girLsi ‘more Ehaﬂ bays, from becoming autonomous
? e if an answer to this question
:1uld ba written wh; h ’Quld be bach accuracte and easily undersctoad, bhut
thhar is not possible. The factors that cause behavier are many, varied,

i r ere probably are as many com—

1ve factors as EhEFE are individuals. Many influences
fficule to identifv. How=
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Can schools be changed so that females learn better and elect to sctudy
mure mathematics? All too ofren, comments are addressed to me that imply
that schools can't do much. The argument goes like this. Because mathe-
matics is stereotyped male, and because stereotyping of sex roles is so
deeply embedded 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 that argument is fallacious. Schools can in~-
crease females' studying and learning of mathematics. Let me cite some
evidence that shows strongly that schools can be effective. I want to
talk specifically about two intervention programs in the U.5. that have
been inctensively evaluated. The first program, called MULTIPLYING OPTIONS
AND SUBTRACTING BIAS is aimed specifically at increasing females' belief
of the usefulness of marh (Fennema et al., 1981). The ractionale behind
this program 1s that merely telling high school females about the impor-
tance of mathemacics is insufficient. Forces which influence these girls
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[PLYING OPTIONS AND 3UBTRACTING BIAS series can
students' actitudes about mathematics, the
nd their willingness to take more mathema
on program is one developed, planned. and
e o Bavy Area Nerwork for Women in Secience
a The Necwork is a unique cooperative
f mathematicians, technicians, and educa-
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ifferences in mathematics? Are we, indeed, creating
of female inadequacy in the learning of mathemarics?
€ are some statements which I believe are based on sound evidence.
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most advanced mathém tic
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Even when amount of mathematics studied is c@ncralLéd, females
4ppear not to be learning math as well as are males in some
instances. The trend that should be of cBncern to us all.

: females excel, it is in lower level cog nitive casks. Even
when females and males report they have been enrolled in the same
macthemacics courses, males perform better on mere diffieult and
complex tasks.

group, more than males,
n mathematics,

as a gruup, havé les 4
hem, and atcribure
r
f

s n
perceive mathematics to be
successes and failures in mathema
The classroom learning environment
males in a variery of ways.

HMales perform better than females on rases of gpatial visualiza=
tion although the impact of spatial visualization on the learning

nf mathematics is ldrgely unknown.
hin schouls lies a major portion of causation of sex-—relared

fferences in mathematics.
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Table |

Hatilonal Sex Differences in Participatien

in High School Mathematics Courses>

NAEPS wrn®
Females Males Females Males

7 4

Algeobra 1 74 71 79 al

Ceumetry 51 52 55 59

Tt

Alpebra 17 36 18 42

o !
P
b
ra
ol

Trigonumetry 1, 31

[
]

frobability/Staciscics 8 10 5

et
[¥ ]

Computer Programming 8 10 13

Prucaleculus b = 18 22
Calculus 4 6 7 8

From Armscrong, J. M. Achievement and Participacion of Women in
Mathematies: Results of Two National Sutveys. Journal fer
Rescarch in Mathematics Education, 12, 5, November 1081, 356-171.

h

~3

recalculus and Calculus combined.

thileéﬁed by self report of 17 vear olds.

dEéLLe:Ecﬂ by sclf report of high school seniors.
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I Percent ) |
‘7’ o — ——— e = T i o ,76%%' ;é%‘ﬁ%é%xi
L_i Level l Female ) Mala T
T
E %3 . _
| 1 15 30 ,
,'I 2 21 36 |
| !
| 3 54 64 |
] i
i 4 71 ! 78 |
! |
f 5 93 94 /
J 6 100 loo
L 7 _ . ]
iﬁanskyi B., & Olson, M Marthemaricsl Pr Career

fTﬁE'SQiéﬁge'aﬁdfﬁa:‘;;*, :
Universiry Station, Laramie, Wyoming 82071), F. 13,

Level 1 ig the highest lavel of mgghemaﬁiéal=preparedﬁessi

From Fennema, E. The Seax Factors {p Fennema, E, (Ed).
Mathematics Educacion Research: Implications for the 80's.
Association for Supervision and Curriculum Development
1981, pp. 92~110,
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This last statement, while sounzing unduly harsh te many, is the
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Mathematics. In D. Thompson & J. Reeves
i London: Muller, 1947.

T.l.. Teacher-student relationship

New York: Hole, Rinehart and Hinstaﬁ

Deaux, D. Sex: A perspective on the attributional process. In J. Harvey,
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Fuancemia, £, Sex~related Jdifferences in matnemarics achievement: Where
anu Wi ? [n .J. .Jacobs (Ed.), Perspectcives on i i L

volumbus, OH: ERIC Cléarlnghause for Science,
flfanﬁencal Educacion, 1978. .

Fenpema, E. & Carpen T. The second national assessment and sex-raiated

di7ferences in mathematics. Mathematics Teact r. 1981, 74, 534-359.




O

ERIC

Aruitoxt provided by Eic:

Fennema, E., all eat, P.L., Pedro, J.D., & Becker, A.D. Increasing wome-'s
335 zip tion in mathematicsi An intervention scudy. Journal for
Res ch_in Mathematics Education, 1981, 12(1), 3-14.

Fox, L.H., Tebin, D., & Bro ody, L. Sex-role socialization and azﬁiévamEﬁ:
in marhematics. 1In M.A. Wicttig & A.C. Petersen (Eds.), Sex-related
differences in cognitive Euhztigﬁing; Deyelqpmgﬁgaiﬁissgési New
fgfk Academic Press, 1979.

Fox, L..d. The problem of women and mathematics he Ford

10017,

ol Vman, L.

[ )

s
L A S A

5 .
Fﬁbndafléﬂ, Office of Reports, 320 East 43 St

1980,

W.

Mo

Early cnllﬂhcud experiences and women's achievement notives,
anick, 5.5. langri, & L.W. Hoffman (Fds.), Women and

achievement. ﬂea York: Jehn Wiley, 1975,

'f‘a’\,lt‘, A5,

;\IE)_E,LVSE;

How
19

5 01

large are cognitive gender Jifferencos? American Psychio-

81, 55, ¥92-901.

5011,

lin, C.N. The ps vchology of sex di fferences. Staniory:
lcy Press, 1974.

as a mediactor of intellecrual functioning. [n

’n;gg;gﬂpggglppmgggg; issues. New York: Academic

4 e
sen & A.C. Petersen (fds.), Sex-related dilferences in
ci

Parsons, .

E.,

ruirhéfs‘

Heller, K.A., Mecce, J.L., & Kaczala, C.
_expeccancie :

Paper pféSénzgd at the annual mEEElﬁh

uF Ene Améfican Eduzaﬁlnnal Research Associatien, San Francisco,

Aprii 1979,

teri, P.li. & Cronkite, H. Evaluseing the impact of an interventiun pro-
gram! aEh=sclence career QQFfErEnCEA?ﬂF vyoung women. Unpublished
manuscripec, 1979, (Available from Dr. Teri Hoch Perl, 3332 Britren
#17, San Carloes, CA).

Reves, L.H. Attitudes and mathematics. 1In M.M. Lindquisct (Ed.), Selected
issues in mathematics education. Berkeley: McCutchar, 1980.

Stage, E.K. Commentary on women in macth. ;fajggtr§n7§he Status and
Education of Women, 1981, 29(2), 15. :

o~

g;pdeg:Agchlé ‘ement in California ;th§l$: ;g?7é?§:anﬁgalgfepar;i

Sacramento, CA: California Assessment Program, 1978,

- 51



[

seiner, B. Achievement motivation and attribution theory.

. Morriscown,
NJ: General Learning Press, 1974.

wolleac, P.L., Pedro, J. D., Becker, A.D., & Fennema, E. Sex differences
in high school students causal actributions of performance in marhe—

matics. Journal for Research in Mathematics Education, 1980, 11(5),
156-366.

O

ERIC

Aruitoxt provided by Eic:



The State of the Art

Martin L. Johnson
University of Maryland

per w quity in Mathematics Core Conference
d in Reston, Va., February 19-2], 1982,

Reprinted with permission by: National Council of Teachers of
Mathematics, 1906 Association Drive
Reston, VA 220971 . 1932

- 53 - 52



Blacks in Mathematics: The State of the Ar:

During the seventies much attention was focused on the status of blacks
in relation to mathematics and the mathematical sciences. A calamitous set of
interrelateé occurances served as catalyst for this long overdue attention.

The black population of the United States was approximately 1ll. 6% of the total
population in 1976 yet less than 5% of all BS degrees in Mathematics was
awarded to blacks; less than 3% of all BS degrees in Engineering was awarded
to blacks (National Science Foundation, 1880(a)). Black high school students
were enrolling in mathematics courses at an alarmingly low rate and were con-
tinuing to perform at a level lower than many other groups of students as
measured by standardized lests. These facts, among others, dictated that a
serious look at the mathematicaj 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 must receive
national attention. Each concern represents 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
researchers to find effectjve solutions,

Participation in Mathematics Courses

All avaijlable data on participation of high school students in mathematics
courses indicate that blacks are enrolling in fewer mathematics courses than
most other raeial/ethnic subgrcups. The National Longitudinal Study of the
High School Class »f 1972 (NLS-72) reported that the average number of semesters
of mathematics taken from 10th to 12th grade was 3.4 and 3.8 for black and
white students, respectively (Vetter, Babco, & Mclintire, 1979). Almost 509
of the black students enrolled {n mathematics for 0-2 semesters and less than
20% enrolled for six or more semesters. Table ] includes participation rates
of the high school class of 1972 by racial/ethinc group.




s

TABLE 1

Participation Rates in Hich School
Mathematics Courses by Racial/Ethnice Group

Semesters of High School Mathematics
10th through 12th Grade.

Racial/Ethnie grous 0-2 3-5 &€ or more _ total average
semesters

10,3 100.0
19.4 100, 0
17.3 100.0
47.6 160. 0
30.0 100.0

American Indian
Black

Hispanic

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

The High School and Beyond Study, a 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).

Percentage of 1980 High School Seniors
Taking Three Years of More of Course
in Mathematics and Science, by Raci

i

Racial/Ethnic Group Mathematics Science

American Indian/ B
Alaskan Native 22 12
Black 35 15
Hispanic 27 14
Asian American 4B 32
White 3: 23

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




Althougn the data in Table 2 reveal a very low participation rate in
mathematics courses by blacks, the larger picture indicates tha t between
and 1980 the percentages of black students taking specific math ematics cov-
such as Algebra I, Algebra II, and Geometry actually increased . The 1977 —7§
assessment of the National Assessment of Educational Progress indicated t Hat
among l7=year-oclds the percentage of black and white students =who had tax en
Algebra I was 55% and 75%, respectively. The percentage of 17—year-old =lac}

and white students who had taken Algebra II was 24% and 318%, and for thos e
These daia are repurr =g

b

who had taken Ceometry, 31% and 55% respectively. 5 -
in Table 3 (NAEP, 1979). In the High School and Beyond Study, The percent=ge
of black and white high school seniors who had taken Algebra [ was 39% & & Wi
and for those who had taken Geometry, 38% and 60%. Percentag es for all s ub-
groups in the class of 1980 are given in Table 4,
Table 3
Percent of 17-Year-Cids
Who Had Taken Algebra I,
Algebra II, and Geometry in 1977-78, by Race
o _ Ra;& _ -

Mathematics Course

Algebra I 55 75
Algebra II 24 39
31 =5

Geometry

jource: National Assessment of Educational Progress, Mathematical Knowle= ge

and Skills, p. 45,

09



TABLE 4

Percente==ge of 1980 High Schocl Senicrs
Taking M==thematics and Science Cowses
by Cours = Title and Raclal/Ethnic Group

— . Racial/Ethnic Group =
Mathematics ~American
__ Course i 7 Indian _ .Black Hispanic _ Asian _ White

68 67 88 8l
39 38 786 50
38 39 79 60
15 15 50 27
5 4 22 8
18 15 35 20
28 26 59 39

Algebra I
Algebra 11
Geometry
Trigonometry
Calcuus
Physlcs
Chemnistry

[ Y R
N I I T

| A% —

Source: National Center —=or Educational Statistics, High School and Beyond,
1981, p. 5.

The consequences oI taking so few mathematics courses in high school’
are severe, Sells (1978) ——eported that career choices, in particular careers in
the mathematical, physic==l and biological sciences, are seriously limited with-
out four years of seconda=ry school mathematics, including Algebra I,

Algebra II, Geometry, anc=3 at least one year of pre-calculus mathematics. The
N 15-72 reported that a pc=sitive correlation existed between the number of
semesters of mathematic== completed in high school and the completion of
the bachelor's degree on schedule (in the fall of 1976). Further, students
withmore mathematics a=md science coursework in high school were more
likely to choose science and other quantitative fields in college, both

black and white (Peng, F etters, & Kolstad, 1981, 40).
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The low black enrollment in mathematics is aiso see = in post-secondary

idy. Few black students are majoring in the mathematic=al sciences in
1 vious) enroliment in high school mathemati=—s courses 1mpa
In 1975-7G, blacks earned 2,99 — = the 45, 6 thousand

thou=and) of the BS

and 2,9% (21.2) in
The proportion of

CLE

on :l major way,
83 degrees awarded in engineering, 5. 8% (out of 5.6
degrees in computer science, 4.9% (15.9) in mathematics,
pPhysical science (National Science Foundation, 1980 (a)),
blzcks in the U, S, population in 18977 was 1. 6%, hence, the above data show
the serious underrepresentation of blacks in highly guantitative areas of study.
Ther= is little reason to expect that these trends have chaTaged significantly

in the last five years or that it will change significantly ir=-the rear future.
Only 48% of the black students in the High School and Bey-nad sample expect

Lo pursue a 4-year college degree. Although the career cheoices of blacks were
net identified, the percentage of the total sampie planning to enroll in various
scientific fields were & follows: engeneering - 10%, com: puter and information
sciences - 5%, biological sciences = 5%, physical séiences - 2%, mathema-
tics - 1% (Peng, Fetters, & Kolstad, 198]).

Mathematical | chievement

The mathematical achievement of black students, as measured by the
Naticnal Assessment of Educational Prog=~3s, continues to iag behind the
achievement of white students in every =f category and at each age level:

5, 13, and 17 (NAEP, 1980). Table 5 co. -<-ns data showing the mean performance
percentages of black students across all categories tested £ 1 the 1977--78
national assessment. Although these data are scbering to s &y the least,

they represent a significant positive change from the 1972-7 3 national assess-
ment. Nine-year-old black students "showed significant in=—reases in performance




TABLE 5

Mean Feriormance Percentages
c. Black 8§, 13 and 17 —Ye:r—élas on 18377-78
Naiional Assessment of Educational Progress
Tit e of 3et o _Age S .  Ace 13 , Age 17 777

= £ Mathematics Mean ‘;‘erhe%iﬁaaé Maan F‘gr:entaaé' Mean PE'EEF&E 0

E_xercise =~ Nation Black | Nation Black | _Nation Elg;,;
Mat=ematical Knowlaedge; 65,924 54,82 SS B7 52.82 7L 1 56. 24
Num Ders £ Numeration §7.45 55,4 71.20 58.75 77.30 63.03
Plac = Value 63.43 50. 19 70. 86 50. 86 - -
Basi = Facts 75.90 53,08 =0. 8D 80,60 53,74 de. 73
Ordesring | 66.19 ___6_11._411___,_iél;(li__iﬂ_,;;gl__ii 4AR.__40.95.
NumT™—er & Cper. Prop. 45,82 35.50 632. 26 49.22 77. 24 61. 54
Geormetry Knowledge 58.74 50.08 57.30 44.87 67.53 50.44
Mea ==. Knowiedge 65.82 58.86 69.79 53.57 78.71 . 62.27
Matb—=ematical Skills 43,34 32.55 51,88 35.10 58.87 41. 39
Com=putatlon _________ | 35.44 26,65 | S1.68__35.26 | _67.17 _49.60_
Who= e Number Comp. 52,36 40.1: 82.67 69.49 B7.54 79.48
Meassurement Skills 52,91 41 .60 54,75 33.53 56,72 33.26
Mak= ng Measurements 63.59 50.90 70.32 46.58 = -
Read ing Graphs & Tab, 58.91 43.73 68, 85 52.22 72.56 55.96
C_Efc:r!ﬂetris: Manipulaticm ﬁjq 45 _ 33, S%_aiiéfi;éEqE!SﬁB;*éﬁl_i ;__5;4_*,—15; 35.87_
AlgekE=raie Manipulation 39,36 27.57 52.17 33.58 39.99 25.05
Solv:_ng Equation 44_52 34.32 63.74 43,93 35.20 17.95
Matlk= Understanding 39,60 29,31 51.72 36.96 58.01 40,65
Mathk= Applications 37,75 27.08 43, 34 29.69 43. 48 25,66
Qaut;ﬁe ﬁ‘rablemsﬁ o EEES! 66 _j_%{_gg;ss_si‘l;;%g___zgﬁ;igiﬂ _____ 4 13: SES_ 23.03
One— step word F‘rablems 44, 324 20. 10 52.08 33.72 57. 09 35,38
Comeoutation-Fractions 51.40 31.96 65.82 47, 88
Ceomeutaticn=-Decimals 54,70 32.85 75.22 54,72
Comr—utation-Intergers 38, 22 27.54 68. 09 48, 19
I'indf ng Perimeter, Area
_ané_ Volume L _________.) _4s.06__ 27834 __ - ______-__
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TABLE 5 (Contirnued)

Mean Periormance Percentages
of Black 8, 13, and 17=Year-Olds on 1977-78
National Assessment of Educational Progress

Multistsep Word Prab. 36, 82 24, 17 35.10 15.83
Graph & Table Prob. 55. 28 35.82 63. 13 40,9
Comb, Stat, and Prabab. 3s.52 21.70 25.50 1z, 47
Nonroutine Problams . 40.49 : ]
Measurement Problems 33.08 13.3

Source: National Assessment of Educational Progress, Mathematical Technical
Report: Summary Volume.

€ performance relative to the nation on the entire set of exercises and on the

5 ——
xncwledge, skill and computation subsets of exercises. In addition, this
Sroup showed a significant increase in performance, relative to the nation, on

-+

athematical application exercises" (NAEP, 1980, p. 12). Black 13=year-olds

showed a significant increase in perfcrmance, relative tc the nation, on

mathematical skill exercises. Black 17-year-olds showed an increase on com-
umer problem exercises and ne loss in performance in knowledge computa-

=
[}

[y}
i

on and reading graphs and tables, however, the mean performance of black
-yvear-olds declined on many exercise sets with approximately 20 percentage

1ats separating black and white test scores,

[T
I

‘.‘U‘
a N

The NAEP findings suggest that serious problems exist in ocur mathematics
classrooms for black students. An indepth study of the origin of these problems
as well as the plight of learners 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). oOverall, high school students are performing poorly in
mathematics! !
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The above dam on enrollment gatterns and achiave
:n mathematics confirm what has been recognized by b‘a;k
lack students and white stuaez s are not achieving at the
1 = ior i At kh*g t;me Lhérs

U‘
ot
o
]
.
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[nl
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L
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Wilson(1378) has attempted to analyze the growth, developmen
zicn of the black child in todav's Sc:c:ief}?, According to Wilson,

periormance in a classroom reflects that child's socialization

T s@éiet}n Wilson argues that sc.cols exist to maintain anc *o perpeiLatie
tural way of life. Most schoolsz do not show sensitivity 1o black culzure

n

anc hence it should not be surprisin
periormance “lag behind" that of whites
dominarce,

to find that the black child s
na school system desic

e

Wilson states that black parents must take the major res !
oI socializing and educating black children in a way to lnc:rease achievement
motivation and to decrease the black child's high need for dependency and low
ed f hievement. Such an emphasis would result in changes in the be-
avioral, motivational, and cognitive functioning of black children (Wilscr

T

¥}
*iy
O
\»1‘
w
ﬂ*

]
Eﬁa*“s matics by Dlaf*k studems are: 1) lack of black role models, 2) lack of
significant others, such as parents, who have interest in mathematical
3) lack of positive career co unsélmg. 4) viewing mathematics as a sub-
white males, 5) inability to see the usefulness and relevance o
s to thelr lives, bo:ih present and future, and of course, &) lac)
in previous mathematics courses, These factors are all int er’réla
: s2 historical roots in centuries of institutionalized racism that p
::s:’ei un é;:ual education for black people. It should be pointed out L‘aat ve
rezsarch has been conducted that attempteg to ask black students why thev &
bre mathematics. Much of what is "known" relative to why zlacks
> more mathemarics is juxtaposed from the research on "women and
s. " The effects of sex discrimination and mathematics par:zicipation
hievement have been extensively researched and reported (Jacobs, 18378).
s

acial diSZTlﬁiﬁaﬁién and its effects on mathematics achisve-
)]

Ty
<o



Parents, relatives, .and friends plav a2 ma oie in a2 st hoice
mathematics or mathematics related career at the college level, Carey (1977)
reported tnat 32% of the engineering students entering Purdue U: nivarsity in

97 g t"iat their choice was neavily influenced by a relative, 26% said
friends and high school courses, while only 14% said teachers and high school
counselars. Careful research on the relative influence of parents, teachers,

i unselors on the decision of black righ scheool students to take advanced
is in i{ts embryonic stage.

The perceived usefulness of Té*‘ﬁer‘.&tiis nhas often been stated as a
tor influencing how much mathematics a student will take. Matthews (1980)
orted that black females viewed advanced mathematics courses as essentijal
wbén sreparin¢ for college entrance requirements but not useful to their future
careers. Black males tended not to make this distinction.

T
ack students, aﬁd the effec:s
desperately neaded.
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The problems discussed in this paper are very complex ang will reguire a
" : : > solved, fﬂamematiés Eﬁm‘: tors, }Z\Jéﬂtsi
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Z;J—‘E;is of educaticon an
= =roblem-solving endeavor.

A MaJor res phe ; = ¢ *z document what the actual proble
, why they exisi, ancd the extent of their existence. Definitive reasons are
Teeded as to why black students are failing to enroll in the mathematics co Irses

W I

IR

-

Sso important far success in a mathgmatics related career. Are parents, counse-
| _ors, teachers, and others really aware of the importance of mathematics to
t zhe student's future? What actually happens in the elementary school that

C—ontributes to a student's decision to take only the minimum number of mathema-
I=—3cs courses needed for high school graduation? Are teachers prepared to teach
tz o each student's strengths and show evld% nce f realizing that children process

m—mathematics in 'rnany 2ifferent ways? It encouraging to see NIE begin to

fi=ng research in this area but a major Sﬁmfﬁi‘: ent of resources is needed,

U\

et}
11
in
m
i

arch ;araéigfns that include sociological factors and consider the
\ ch learning occurs must be utilized, Cross-discipline teams
im:lud ng minority researchers, mustbe formed. Further, a new
' Ss of typical, experimental-contol designs using grou;
ta,k;gn, N‘Iany of the gquestions posed here must be answered by
nvolving individual students througha case=-study method.
les are 2lso called for. New instruments must be designed;

5 1 diosyncrasies of black students. Matthews (198])
If any, test instrumenis. that have

ardized on zlack samples. Validity questions must be raised &
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minated effectively to parencts,
'= making process 2f black

15 © earch cwrtently in progress,
T 2thematics educators mus: increase their afforts to educate parents and the
ge==neral ;;suslu: sl the mathemat I plicht of black students. Mathematical
ac .

the le

hat teachers te

T a = tiona c
o= olack students, ‘such 25 1:.Slexible “ability grouping" ancd
ac=mutiedly biased stzndardizecd IO and achnievement tests be di
flznally, teacher train:ng programs must prepare teachers to teach in multi-
c\=ltural settings. Teachers need o know ma:hematiis,@g how to relate to
bi ack students. Th:s nation can no longer afford insensitive teachers who
ble ame the viciim for Bis or her underachjevement! !
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2 earned 1in mathematics, 5r represent
ince the status of undera:hievement in
umenied and generally kiown by educat ,
atus warrants only minor treatment in “his paper.
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la order to show the magnitude of the condition facing educaters and
veing endured by past and Present generations of Hispanic youngsters,
eanrollment numbers and Projections of Hispanic studeat enrollment are
heipful, In 1979, the U.5, Census Bureau reported that there were 3.5
million Hispanics between the ages of 5 and 17 years. a study conductad by

tatistics projected that the 1980 2.4

L]

tt2 National Center for Educationel §
@illicu limited-English-proficient (LEP) children ages 5 to 14 will increase
Zz. million in 1990 and to 3.4 million by the year 2000. Spanish LEPs

om 1.8 willion or 7! percent of all LEPs in 1976 to 2.6 million or 77
e of all LEPs im rhe year 2000. Concurrently with this projected .
n se of Hispanic student enrollment in publie schools, twe
counter=productive .phenomena continue to persist. One esvent is that Hispanic
fudents coatinue to leagvs school prior to satisfacctorily completing all
“elve grades, For example, in 1971 the U.5. Commission an Civil Rights
reported that 40.7 percent of Mexizan Americans residing in the five
svuthwestern atates did not complete high school (Commission Report II). In
1976 or five vears later, 9.6 was the median years of school completed by
Hispanics while 12 years was the median for the rotal population (U.3.
Cenmsus, 1977). While Mexiean Americans are only one sub=group of the
Higpanie population, they represent 65 percent of the total Hispanic
populatioca or the laryest sub-group (Census, [979).
Paralleling rthe early-withdrawal-from—-school phenomenon is the under-
e tation of Hispanics in math and science courses in junior and senior
ls. While no data were found specifically showing Hiapanic
¢34 of enrollment in elected or advanced math and science courses
3 lend some support for under-enrollment in such classes. Resul |
B National Assessment of Educational Progresas (NAEP) reveal ti..
1 of 17-year olds took only two years of math courses and bla: -
a 3red to take about one year leas of high school mathemarics
"Anick, Carpenter & Smith, 1981). Hispanic enrollment ir math courses
probably p lecty more the biack srudent pattern than the white student
anrs ] lmente ., In a study conducted in Tucson, Arizona with facus on attitudes
toward sgcisnce, MacCorquodale (Note 1) concluded that many Mexican American
junior high studenca stop. taking masch and science courses after they had
compl2ted the minimum requirements.
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th regard Co mathematicsd schievement bv Hidpan:. T
ma 4t ics assessment by NAEP graphically showed that 1in T
3y a3, sg:igua inequities exist in the mathematics education of I
an acks, For 9-year old Hispanics, the NAEP indicatad “nev —or o -
o2 tage points behind the national average; I3-vear old : :

17

ntages below, and |7-year old Hispanica were |

s
Wl

the nationmal average (Anick et al., 1981). Asse+smen
math achievement may reveal a wrse set of scores.
asproximately 974,000 Mexican American atudents enrol
30 percent, and Ehe 1980-8] results of a state mar
called Texzas Assessment of Basic Skills (TABS) show
Aispanics acnhnieving mastery in zathematics in grades
- reape;;?ﬁglyi n comparison to their white T
Mexican American are 24 and 9 percentage pointa behi
assassed [ 1981).

leaving the discussicn 2f =mathemacrizs achiavy 3 LAp i
to point ouf early Chat uue Erend Appedrs 23 ~X:iif -
above statisties do not reveal it Whiie Higpanica are achie 1oy
comparlson to their white cohorta, they are sScieriily ol Ter
ﬁmaf;ty groups with the exception of Asian Ameri .
Hispanic math scores o other scores made 3- .
1 reading or content areas such as social studie mali
scores appear to be slightly better for Hispanics.
Finally, documentation of inadequate participation in mathematics bv
"IiSpanics can be illustrated by under~representation in math-relatsd nc:

pations. As with other minority group members, Hispanic professionais
concentrated in education, public affagirs and the social sciences [(Nat
Scienc2 Foundation, 1980). More tell.iag, of the 44,800 machemaCic::
reported in the 1970 labor force, only 637 or 1.3 percent wer=s of 35

surname origin (Vetter & Babeco, 19755,

Iy
L]

All of the above information goes toward characteriz:ng

e Hispanics are not proportionately participatiang in mathe
nor are those few who are partaking in mathematics doing so t
Leve 1, Consequently, Hispanica are groassly undec-repre:
result inequitiss 10 s0c120v o

"]

Talhematicas—-related carzers and as
srevail.

Rooting the Problem

ince the problam in the furegoing Jdisvusaydion has beon detimed o0 Do
thraee=-:ald fj tsproportional participation in mathemat tcs oducdf Lon, wode
ichievement in math, and under-representation in math-related careers  , it
seems wise Co separate the discussion about possible causes to coincide wit:
each of thes

52 three problem areas.

As has tried to be shown, Hispanic student uunderparticipation in
en is only one problem of the grearsr concern, i.e H

educaci
schooling and general underachievement in most acade L
quesc ion of why the holding pewer of ichools with reyard to “rdr
0o
£«

=
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F.a3 heon responded :.a g mulz:ipla wAYSE . The i{.5. Commisgsion un Ciwvtl Rights,
1971-74 stydies (probablvy the most comprehensive studv zonductad on an:
Hispaniec group) gn the Hexican American experience in schools in the
SOuthwedt tises the weak sgc hool "xaldlﬂg power (o negatlve attitudes and
Sfteatment by school personnel toward Mexican American dtudents. 3dr:iefly hbut
apecifically, the Commission's scudy carefullv documents the .followiag unjusc
ofactizes: STeating and maiataining indd2quat= and segra2gat.a scnoo)
tacilitias, dispr drtivnally hign school suspensic exceas unt of
forporal punishme: .. eXclusiza from exXtracurtricular act rancedq
placement in EMR ¢ g43des, high concentration of :slacem ademic
tracks, over-relianc- on grade retention, and untiij rece the prohibicion
of the Spanish langiage on dchool zrouads. ‘?urﬁhermg—e the U.35. C@ﬁmissmn
and other rvesearchers contribute the results of such unfavorable cr

bs morivated by prejudicial 2tticudes, stereotypic thoughts,

feelings harbored by schoo!l admini latrators and teachers foward Hi

QCtNer minority group membecs. Such cognitive and affaecrive areribur

52lely reside with educators, Legislators also manifest such be
drafting anad Faintaining stare laws which skew school finance f
igainst diastrices enrolling a majority of WiNnority youngstera.
¢lected or appointed to hold state or loecal schaol board positions also
institute policies which adversely affect ®inority student populations, iike
adopting an English-as-a- second~language program enly for LEPs racher than a
bilingual educarion program.

Discontinuation of the above practices has voccured only recently, un-
fortunately not sufficiently and primarily sporadically. While thesge
uynwanted policies, practices and treatment have been reduced, mainly due ts
litization, favorable alternatives have been slow to Pmérge- More abour
zonstructive pedagogical approaches will be presented later in this paper.

'ggcusajfg possible Fxplsnat tons for Yispanie under—gchievement
datlon, «iscusgion will addreas the undér-representation of

i

Hia mathematic-related caraars. ‘A8 was presented earlier, and will
Se on in the next dection, cthe disproportionacely larze number of
His participacing in mch—relazeﬁ careers is primarily due to the
ina cumulation of math education or an insufficient amount <f mach
o e [t i3 iaporcant to examine the faccar of mativation when
HIET. E AL A, 2ipecially vhen viewing the subject of macthematics.
an the commonly held perception that minority acudencs nave lower
1e 4splrations than their white peers, research by Andersen and
Jahn ), Espinoza, Fernandez and Dorabusch (1977), and Juarez and
Kuvl 9) indicate the opposite. Furthermor » these same researchers
toun patencts of Hispaniecs view the lmporzance of education for their
zh 1 1 E r‘auch 43 Anglo parents, Nor only do Hispanics considar schoal ©,
be of high value, but they also link jucceds in school with succey: ip the
world of werk (EApinoeza et al., 1977). When MacCorquadale (Nots 1) askad

igh aschoui scudents in

ninr 1 Tucson how important sc’—iéﬁf:e was in terms of
“he work they expected sy do, Mexican American malas per

=

13

ived science 48 the

ol

; = iﬁ:;@rzaﬁti While no studias were found pFQ\rldiﬁg information abour
panic atudencg' tcitudes toward mathematics, Anick et al. (1981), when

]
il

analvzing NAEP 4 . found thar black students like math, thought it was
IMPOarlant | want e o do wall and would work hard to do sa, in addiftion tn
FANC Y Lo Fake more mathematics And even entering a career uzing the

£

"
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While mo direct

th and Hispanic

al status and

=, Consequently,

he problem locus of under-representarion of fia;,an
Pt

tareery 1s not within the Hispanic

; ldenz;fyiﬂg and
As students enter
Falé models can become

asout howv to qulfe a pﬂalclaﬁ
! i i3
Brf , exps nce, 1
snducted on school zounselin
counselor ratios and traditional
have winimal contact with counsealo Cime is spent
e not davared o educatiognal and
Finally, a small aumber of Hispanics are found In math-relared
because of discriminatory hiring practices and because of aminimal .
information provided by schools. Students in rural schools and barr:ios
large urb:n cities are poorly informed about the various kind
cccupational roles and the educational requirements for most of thes
stacions,
Generally, discussion about the probable factors

tevement of Hispanica 1a mathematics i« ususally aspecular
Discussion of likely causes is not grounded in empirical

ecause there has been very little research conducted to unce
8 producing this inequitable learning condifsn. Howaver

i i3 not available, the literature seems to be t
ring the most likely factors and eaven consengus ex13t3 as "o what
tion needs to be pursued if this underachiesvement is 2~ "

the literature has identified five
1e underachievement stzatus record
ation. The five factors are langu

;Lv:m.sl methods, curricular material
€3 factors will be discussed separa
, and consequently ir 13 diffie
o what degree, to learning or lack of 1

e 13 a manifestation of culture; it both represents a group' s
creates pregent and Ffubture reality for the individual. Wirn
sarning, at minimum language i3 a mediater of concept deve lopment
a2 determinant of concept formation. Congepta ars categories !
bia or related facta. TLanguage i3 1 coherent set of symbols nued
concepts and provide 1 quick refarence and meaning 05 Coir ao ..




with the curricu lum variable. Whils

il Lg
the subject most culture-free, #“presenting cultura
bisses, For example, Bradlev ] ] excent iI5 m3athematlica
culturally biased since logic is a ma jor thematics, and b) is
not logic organized differently by cultural groups? Furthermors, according
to Macia (196i:6), "mathematica is concerned with the study of relationships
0of ideas cthat man has abstracted from observation of the physical world and
has generalized by rational reflection." Not all cultures interpret the
physical world nor generalize about it in consistent ways. Differences
between cutural groups has implications to the teaching of mathematics in rws
areas: curriculum materials and inascruction. The way math coneepts ara
prZdented ia textbooks may be inceonsiastent with how immigrant Hispanic
students have been introduced to esrtain concepts (Caatellanos, 1981). This
lnconsiscency Bay cause confusion in the student's wmind and de;gy his/her
uﬁdéfsﬁaﬂdiﬁg Also, Teang (1981) stcates that the curriculum should
reinforce what has been learned previously and introduce new concapts based
on previous knowvledge. TImmigrant students come from different czultures and
are productA of the educational svstem of -heir respective countries. The
curriculum vevision effort of the last two decades in the U.3, has led co
significant ditferencaes between the mathematics curriculum of the U.3. and
those of many nther countries. Finally, with regard to che teaching of
mathematics, Lovatt (1981) while indicating that math is culture-Iree,
that rthe teaching of math takes place in a culitural context. HMoreo: ;
continues that good math teachers have sear~hed for the mathematics exiscing
vitnin the rz2al worid experiences of their scudents and have tried co
incorporacte such eXperiences in their tzaching.

is most directly

The amounct of learning acquired by any studenc
correlated to teacher qualicy Castaneda (1981), aleng Hlf.’l others auch as
Gailegos (1981, and Serna (1981}, argues that teachers' attitudes Eaward
matnematlecs and the teaching of mathematics need tp be changed t5 be more
End1ztive and coastructive, She also srates that teacher training should
cinclude mathematics content |, infoarmation abour, the lz2arning characreristics

tfovounyg children, and metheda of machemat ics teaching. Such Eraining would
help teachers to mbine what thev know about math with their knowledgs of
supilsg’ léarﬁiﬂg traits, and to acquire skills that would facilitace
el ent and insfructisn that honor the young child’'s

ﬂw

2 leztion of math con:
natural modes of learning.

Posaibly, the mosat potent factar related to achievement and consequent Ly
having the greatest promise for program intervention and remediation is the
cognitive stylea of Hizpanics. Whiie Caataneda nly arwues for teachers o

7
{ &
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h and Casca LK
nic mav Hispanic

implications, As a resul: of S
ctha: children i [
: theilr en- Ei.

' pe appe
ct n
Hi d be
u mathematis il ir’lgual

there are hre aspec 3 £ 2 ; p#r' dens nis
on B ! mathemat i e, = :lr';nsndéﬁt
o th =mre the i :

arly scates and struc

ariala or Lam:n:mz soc i

!d depend [ And = ¢ 11
competition is a learning mode zore c ; r fileld .
Lt appears that mathematics education ranized i

.nde=pendent rather than the fie i,é vpen ended
~han definite outcomes, individuali toon af tnnrrneriae o gt ae sl o e

learning, and competition more so than conperative activifies,

Intervencion Strategies: Uprooting the Problem

rt to idemntify intervention programs aftempting ro
learning of Hispanics in mathematics produced no reaulrs.
pérts wera found in the literature, there have bee i
axperimental msl;h programs with E@cus on Hispan

srogrammatic efforts have been directed at curricul
Seen school distriect initiated. 1t is safe to state
::r;’:je: ct has been designed and implemented with the primary
esgh ing atrategies applicable to Hispanizsz learning
earch did, however, uncover a potpourri o lias and a

(Note 2), in her 1968 diasertation stcidyv wh
es3 of a bilingual program in the teaching of marhe
= £

lz=a in one south Texas schoul district, found

sgore of Spanish-speaking childr2n taught bilingually
- g of Spanish-speaking chiidren taught exclusively
ng 12 supported by two studies, one conducted by Cof
5

and the other by DeaAvila (1979), It 13 also the most consistont
.. bilingual students do berter in math achievement than |
English-speaking atudents when raupht i1 their mother-tons

findin even extends to the college=-age pupll.

e

3) are examiﬁing college-age 3panish=speaking students wa or. .
subjects and report that their performance on mathematica.
roagly related to language proficiency, mores so Chan tor

Aese1rch presenfly being tunded by NIE provides w~ducafors and cure: o, um

~izars with Iasight abhour what researchers conaider to he necssarey
xnowledgze in order to desien instrucZinnal procrams which wiil suese sene =hy
inderichievement of Hispanics (n muthemsatics, The team of Serace and <+, .



Hispanics & Hathy

INaza 3) ig invescigating the
biliagual studencs legrning
will aid in the designing
helsin bi angugl gtudenca be
avoida
discip
l2arni
cognit
Sasaks:
sec1il a cher
biliagual Spanish/English and 1
and lowver class families. Among manvy ipace
discover special competencies of inper cicy bi
i1l i arly 8 * diffae es in levels of p
2 : h e other studies di
on aspects pertine
cause of the lack
Beaides the scant reaearch mentioned, two proposed infervention DL UL Am~
were2 found. Hernandez {Nofe 39 expresses dissatisfaction with mosr research
being conducred with regard :o Hispanics and mathematics because such effort
L4 aimed at identifying the primary cause of underachievementr and dive erts
attent:ion from designing programs to increase macth achilevement for Hispanics.
Instead, she proposea a model for change based on poaitive diractions to
lmprove inscruyction. Specifically, she argues for Bloom's Learning for
Mastery model as an approach rhat can be lmplemented now to ensure increased
mathematics achievement. Posaibly having the sawme motivation as Hernandez
Ortiz-Franco (Note &) makes 8ome suggestilons for inclusion when develapLﬁg an
intervention program for precollege minority students who are LﬂEEFESEEd in
Pursuing math,/science careers. Hia suggesations are nor = *n research
targetad € Hispaaics, but based oan idqtervenrcisn =r- I to
5 X ic ion of white women in mathemacics- In

Z=2neral, he di u internal and external variables F£g
tn intervention programs but comments correctly that spec
2f such variables re dependenct upon on-site circumst
ffering none.

1T Ly a4 review of the sacanc

w
1]
[~
b |
Ty

b
]
o'
&N

i3]
DUt how to improve thae a
dr= minimal and knowvledgs oF ¢
P Hispanics learn more mathematics is

Research and Program Recommendations

it i3 recommended that a nalanced and concurrenr twvo-pronged approach bHe
ved mathematics =ducation ro Hispanic studencs.
g3

f4ken to hring about impro

One prong, thae major of the ctwo, be r search and the second proag be
2Xperimental projects. 'As the research component builds 4 substantial vo l ume
of knowledge, ir sl in meartante and tne second prong becomes Che
major effore, .- [ implemeazatina, The research forus should
rervolve around Nr=2s dimenaiilonsa: aJ) the Yispanic c¢hild's cagnitive and
Affective styla °f teaching marhematics to Hispani-s and <y

5
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Eiaﬁ Americans
rom the author

. Hernandez, Y. G. Impraved mszné;aths
is possible now. Unpublished paper,

at University of Texas at E Paso, Coll 1 Paso, Texas
79958).
6.
Anick, €. M., Carpeater, T. F. & Smith, <, Minorities
Resaulta from the naticnal 4gsessment of aducacion progre
Teacher, 1981, 73, 560-544,
Anderson, J. & Uohnson, u. tzbility and change among generdt lony af
Mexlcan Americans: Factors affecting achievement. an Educational
Re ch Journal, 1971, 8, 285-309.
Bradlay, . Language and culfure in mathemarics curricuium 2L the [980's.
ERIC, (98B0, ED 191 499, &=7. -

learning by minority

2

Castanedag,

nos, G, Hathemacics and the EpghLﬁh -speaking studenc. Arithmetic
© 380, 28, 1ls, S

J. & Cuevaa, c, Childeen' learning of number and numerating
CONCARL Y A tinal repor: RIC, 1979, ED 198 99, .
ﬁ?ﬁé
I
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the year 2000. Forum, 1981, 4, 2.
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ERIC, 1980, ED 19! 699, 24-29.
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Titlical review of research on mathematics cducacion of TNt
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Jnderwood, B. J. Scme relationships between concept learning and
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ERIC SMEAC Mzihematics Education Fact Sheet Number 1

Females and

! years has been directed toward the

facisheet Additionai
variety of sources, many
ntbibhography (Suydam and Kirschrer, 1981},
were of particular value in developing this
hefirst prepared by Armstrong (1580).is an over-
ults of a twe-year study conductes by the
E5i0n o7 Ine States as part of the Women in

‘am. The second is an ERIC SMEAC publi-
on Women and Mathematics, editad by

66 05

—

Female Participation in High Schasgi Mathematics

gement or support to take such courses.
-rlrance Examination reportad in 1978 that 63
ge-bound males had taken four or more years
atnematics. but only 43 percent of college-
dong sn .
the Second Mathematics Assessment of

[

th
c
h

S

ent of Educational Progress (Carpenter
the Women 1n Mathematics survey
t=howedthat male and female participation
Dasic mainemalics courses: general
enra | and geometry The pattern changed
] = Nowever In the NAEP assess-
sistically sigrificant differences favared males in
At far inganometry and for pre-caleulus calculus,
deftie M Vomen i Mathematics survey reparted significant
crng malesinenrolimentforalgebrall and for
Nonsignificant difteren n enrall-
amatry and for pre-zaiculus calculus also fa-

[LR=Y
1A mst

IR A s I A T
[N S 4 ) B <

st fer e

Tiatly indicated that beginning at about
ra I and continuing beyond hian school,
ngly decided not to study matheriatics (Fen-

fFies fiave

(=221
nema,
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Viathematics

i. i978). The Women 1n Mathematics survey {=.ar
: twelfth grade peer influence had a significant correla-
albeit low. with participation |

Differential Treatment by Teachers

Several researchers have found that teachers treat
and qirls differently in mat £5 ciasses (Bean.
Parsons et al., 1979). I~igh-achieving boys received signific-
antly more attention in high school matheratics classes than
did other boys and girls, including high-achieving girls
{Good et ai., 1973). Furthermore, students tend to be influ-
enced by what they believe the teacher thinks of them and
their ability in mathematics Fennema and Sherman, 1978).
There is also evidence that teachers expect sex-related dif-
ferences in achievement (Fennema, 1978).

A study oo teacher-student interaction in high school
geomelry classes reported differential treatment on such
factors as offered responses, cognitive level of questions,
sustenance and persistence, praise and eriticism. individual
nelp. and even conversation and joking (Becker, 1981). In
general. the interactign patterns reinforced the sax-typing of
mathematics as a m%e domain. Becker hypothesized a
three-step pattern:

(1) Teachers expect differences between male and female
students

{2) Teachers treat students differently on the basis of sex
according to their differential expectations.

{3) Students respond differently in class consistent with
teachers’ and society's sex-role expectations.

Stereotyping Mathematics as a Male Domain

Historically, mathematics has been regarded as a
massculine discipline The resuits of the Women 1n
Mathematics survey clearly indicated that mathematics is
toth afemale and male domain. Thirteen-year-old girls were
found to be better at spatial visualization and computalion
tnan were boys. while their problems, solving skills were
nearly equal. By grade 12, girls’ abilities in spatial visualiza-
tion and compu’ N were comparable to boys’, but boys
excelled in prot 'm solving (Armstrong, 1980). These find-
ings seem to suppurt Fennema's (1978} conclusion that no
inherent factors exist which keep girls from learning
mathematics at the same level as boys. ’

The Women in Mathematics survey found that females who
regard mathematics as a subject for both males and fernales
lended to take more mathematics (Armstrong, 1980). In
another study females in grades 6 through 12 denied the
belief that mathematics is strictly for males (Fennema and
Sherman, 1977).

- "}7;1
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nd have confidence in theirability
shown to have a positive effect
d the subjact (Fox. 1976). Fox
of fathers influerced the
Several studies ascer-

sathornalics survey data. Armstrong
antvariables that have an effect

stervention pragrarﬂf designed to in-
stouid focus on . instithng and sus-
‘"xflu(;‘r‘lf"‘PS af thasa factarz .. . {(p. 14},
action *!ﬁps discussed by Burtza (19?5)
rg participation. The recom-
2 and ralatively sasy tn implemant in
. For example, she suggested inviting guest
mathnamatcs classes and encouraging female
A frr::amage ther fernale students.

128 1) aoncluded that intervention prog-
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curriculum.

THE MATH/SCIERCE NETWORK

. Promotes interaction and
cooperation between the cduca-
tional community and business
and industry;

. Encourages women to enter nuon
traditional matrh- and scianco-
based occupations.

. Links professional trainers and
model programs with appropriate
audiences.

FAHILY MATH

. Teaches parents how to help their
children with math at home;

. Informs parents of the role

mathematics will play

in their

children's studies and choices of

careers;

MATERIALS AVAILABLE

Use EQUALS to Promote the Participa—

Math for Girls amd Other Problem

tion of Women in Mathemat

scribes the EQUALS

ation program and pro-

s and materials for

the elementary and

vel, as well as in pre-

ses. Annotated biblio-

problem solving in

and sex—~fair counseling
ction. 134 pp. $7.50.
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technical fields. Profiles 25
employers of scientists,
engineers, and technicians, and

& women working in these fields.

kno 133 pp. 55.00

Feep

Sui To order publications, please

510 enclose a check payable to The
Regents, University of Cslifornia

I'm Madly in love with Elect tricity and mail to EQUALS. Shipping and

and Other Comments About Their Work handling: $1.00 per book.

by Women in Ecience and Ensrineering California residents add 6% sales

' o - tax (BART area, 6%),
INSTITUTION
SOUTH SEATTLE COMMUNITY COLLEGE

Publie, two-year

Coeducational

Enrollment: 7,800

“I_afh :\i‘w'xltf‘{ PRUGRAMS

th attle Community College
xteenth Ave., SW
washington 98106

(20a) 754-5300

wontact Person(s): Jerine Ridgway, Mathematics

There are three concurreat activities going on under the general rubric of

“ath Anxiety programs at South Seattle Community College, all undér the

dircccion of Jerine Ridgway who is trained both in mathematics nd social

work. One is a Math Anxiety Lab which is offered once per qu

Samplc); the second, a Math Anxiety Clinie Workshop also offe

quarter, and the th;rd a Math Anxiety Clinic offered duyri

only as a part of an Algebra Review Course.

L0
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ed by Ms. Ridgway in 1975 by wa¥y of a
ihed to a Saturday Algebra Review cla
also been used in many 3-4 hour workshops, as
nformational material for lectures to schools and
t enrollment in the Math Lab course plus thw
Algebra Review and Math Anxiety Clinic coursa in
te a continuing need for the variety of courses

ses.
n's
over the rfull
enciflcation
others have to charge all commurity
gratifying are the numbers of women who
es and the numbers of mathematics
e area who are beginning to work
structors whose programs may no
veloping similar activities to
i?? Lower Columbia Cemmunity Co
College; Janet Ray, Seattle Central
fy Ann Doe, Shoreline Community College; Suzan bBaters.
British Columbia (.1l mathematics instructoers)y Joan

ommunity College; and Fat Sherman, Tacoma Community
; Margaret Berry, Port Townsend School District (schuol

tudies to raise consciousness of teachers. 50¢

i

INSELING INSTITUTE
Avenue North

dsstele. Wasliington 98103

(200) £372=3639 or 323-4106

iiantact Person(s): Peter Blum

g
M
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Math Counseling Institute is a privats tea aching and counseling service
otfering small classes, eight students at a maximum, and one-to-one
tutoring and counseling for adults and children.

One course, called Overco Math Aversion—--for Adults deals with the
"feceling blocks' which ke eople from learning math. Emphasis is on
setting realistic goals in a supportive atmcsphere with work on some
specific math problems. Each class is 1% hours in length.

Uvercoming Math Aversion-—-for Children uses the same basic format as the
adult class but is geared to the needs of children. Each class is 1 hour
long

Descriptive brochure, on request.
A self- Elp book by Peter Blum is in progress. Write if you wish to be
wtifled when it becomes available.
STATE
'r‘:;li;‘ E?‘LTCL
INSTITUTION

GRELINE COMMUNITY COLLEGE

two=year
ucational

Enrollment: 8,242
PROGRAM
"I CAN'T DO MATH"
Shoreline Cgmmunlty College
16101 Creenwood Avenue North
Scattle, Washington 98133
(206) 346-4606/4776



Dignne Dailey
Mary Bennett

ollege that operates =
ommunity College Education.

Ly
u

er Student Servic
"Can't Do Math' work
nded this halt-da:
ow Bcattle Centr
math instructors
and with encourage
& -

p. lwenty peop.s

's Program has continued to oifer the math anxiety
quarter and has modified the program to be presented in |
nce a week for four weeks. Fifteen to twenty stude
rkshop. Evaluation forms and informal follow-up ir
ts feel they have gained valuable information and anxiety
ques. Most students succecssfully continue on in

=n's P s 1s rking on designing a math discovery class to
include both oath Anxiety Reduction and basie math skills.

Hath - A PéSitiVé A@prag@h by Mike War

Chemist fy
Hazel JG Réed Mathematics

I
s
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Mildred Kersh, Mathem
Nancy Cook, Psyﬁhalag

- m

versity of Washington has been inspired by a desire
directors to break the cycle of mathematics avoldance
t many elementary education majors are females who

high school and in college, they decided to fecus on
t

in hi

to try to reawaken an interest in mathematics by

and teaching marhematics creatively. The expectation

' gttitudes will change and that they, in turn, will be

matics more creatively in the schools.
The yFDJECE deEcEGfS. gutfently EuppﬂfFéﬂ by redéfal funds, (Fund for the
Improver two-quarter courses
-h year. Ea:h two- quafEEf course sequence hgs bggn between 20 and 30

students. Teachers and counselors (i.e. pSrElELpEHES) receive three units

tude
v guartar and are charged $30.00 for both quarters.

d. However, the former students f{rom
th the staff on a monthly basis.

ook and their associates in the program have c
in part, on the development of and improvement of

visualization abilities. This process “involves:
it

par pan sp4at

1) a precise delineation of types of spatial abilities; 2) development o f
materials to stimulate and practlﬁé these abilities; 3) demonstration of
use of these materlals, 4) sugpestions as to how to integrate them into the
regular elementary or intermediate level math classroom.
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lhe Learning Institute i3 a of Pitman Leasning Inc.
!9 Davis Drive
Belmont, California 94002

MATH CHALLENGE FOR THE 80's

PRUGRAM DESCRIPTION

Understandable, Practical. These words onnly begin to describe a
ns math program. In five days of intemse and exhilarating
u will learn just hcw much fun a math program can be while you
of the most crucial aspects of your job--how to ensure that
master computational skills and learn ho
ath

YW to use these skills
1%}

5
proilems, In short, how to make ma
In five exciting, idea-filled days, you will learn how to:

that will help your kids enjoy math while they build

=i ety
Ui ostraig , easily understood CECh'i:”;, to find out where a
shald's difriculey lieS and what te do abo i

T AN A sroom [or maxlimum math
fe

. Meet the riny needs and abi'it’es in your classroom without
spreading yourself so thin that no one is |

&

. Bre through to the kids who have given
torover remain a mystery;
- Ensure that your s udents master qmrutdtlﬁﬂ skills and learn how and

probles

Vorsrper E0oy o o1ismav =)
. o Structiure vour ”ﬁhﬂr da T do when I'm done?"

swvndrome;
- Help students help each other to soive math problems;
. Challenge cthe gifted math student;
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more than basic arithmetlc:

new clarity, effectiveness and pow:
5 a hest of innevative, classroom-
to tackle your toughest math

Iac,

.«A WAY OF THINKING Workshops

classroom teachers, E.H. and L.D. teachers,
istrators, and parents who are scarching for
book for teaching mathematics with an emphasis on

Each summer course is run as a model classroom with teachers a

1FVDIVEd in the lgarﬁlng process. The workshop focuses on manipulative
nan and acztivity-centered learning. Its aid is to e T

tH,ﬂklng, understanding and creativity as well as mastery of basic skills.

Mathematicr A Way of Thipking

Workshop for
3—6 Teachers

Concepts dealt with:

sorting Establishing a learning environment
, count- for all students 1in class.
ddition emphasis on overcoming the
asurement difficulties of ~rudents who havo
roblem solving. trouble with matt.

Assorted ' unk," recyclables, A variety of readily available,
teacher-made cards and materials, : inexpensive materials which enable
= Fix cuhes, pattern blocks, teachers to implement activity-
wooden cubes, tiles, rice, milk centered learning on a verv low
carton scales, and geoboards. budget.
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A videotape and workshop intervention prograw designed to eliminate sexism

from mathematics education. Four 30-minvte, r.ull-color videotapes.
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d by Marlo Thomas, each for a specific junier/senior
e, uses a variety of formats--candid interviews, dram
crt testimony-—to address ths problem of mathematics
some possible solutions. A 192-page facilitator’s
view of the workshops, detailed instructions on how t
pare for conducting the workshops, and four separate
hop imstructions for each of the targst audienc

able to:

PROCRAM

PROJECT SEE
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Jentuct Person(s): William F. Jontz, Director
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EED is a nationwide program in which professional mathematic

-ists from major universities and research corpcerations teac
conceptually oriented mathematics to full-sized classs of

1lly disadvantaged éle éﬁtary school children on a daily bas

. to their regular arithmetic program. The mathematics is

] through the use of a Scarat ¢ group diesccvery format in whi

ciilldren discover mathematical concepts by answering a sequence ol

questions posed by the SEED instructor. The mathematical topi are
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BOOKS

Armstrong, Jane M. Achievement and Participation of Women in Mathematics:
An Overview. Denver, CO. LEducation Commission of the States, 1980,

Brush, Lorelei R. Encouraging Girls in Mathematics: The Problem and the
Solutiom. Cambridge, MA. Abt Books, 1980.

Chinn, Phyllis. Women in Science and Mathematics Bibliography. Arcata,
CA. Humboldt State University, 1980.

Fox, Lynn H. Minorities and Mathematics. New York, NY. Ford Foundation,
Qffice of Reports, 1981.

Fox, Lynn H., Brody, L., and Tobin, D., eds. Women and thz2 Mathematical
Mystique. Baltimore, MD. The Johns Hopkins University Press, 1980,

Hall, P. Q. Problems and Solutions in Education, Employment and Persomal

Choices of Minority Women in Science. Washington, D.C. American
Association for the Advancement of Science, 1981,

Humpreys, 5., ed. Women and Minorities in Science: Strategica for
Increasing Participation. Boulder, CO. Westview Press, 1982,

1]

Lovett, James C. and Snyder, Ted. Rescurces for Teaching Mathematics in
Bilingual Classroom. Ohio State University, 1979,

Skolnick, J., Langbort, C., and Day, L. How to Encourage Girls in Math and
Science. Englewood Clif7=, NJ: Prentice-Hall, Inc., 1982,

Tobias, Sheila. Paths to Programms for Intervention (516); Reacurce
Catalogue for Practitiomers (513); Eesource Manual for Counselors/Math
Instructors (512); Self Help Kit for Students ($12). (Order from:
Institute for the Study of Anxiety in Learning, Washington School of

Psychiatry, 1610 New Hampshire Avenue, NW, Washington, D.C. 20009.
Telephone (202) 667-6380.)

ARTICLES
Armstrong, James M. Achievement and Participation of Women in Mathematics

Besults of Two Hational Surveys. Journal for Research in Mathematics
Education, v12 a5 p356-72. November 1981.

Results of two national surveys indicate that sex differences in
achievement on mathematical applications persist even when different levels
of mathematies participation are controlled.

e Rossi and Jacobs, Judith E. Sex: Is It an Iasue in

EECREf' Joann
tica? Educational Horizons, v6l p60-67. Winter- 1983.

Becker and Jacobs point out that differences in mathematics achievement by
males and females are influenced by differential gaciétal expecﬁatigns.

the 5&3=Eyp1ng of mathemac;e; as mSIE;
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Benbow, Camilla Persson and Stanely, Julian C. Sex Differences in
Mathematical Ability: Fact or Artifact? Science, v210 n4475 pl262-64.
December 1980.

Substantial sex differences in mathematical reasoning ability in favor of
males was apparently found by this study. The data was collected in an
investigation of intellectually gifted junior high school pupils who tonk
the Scholastic Aptitude Test.

Burton, Grace M. Pecception of the Horizontal smd Vertical by College
Students. Journal for Research in Mathematics Education, vll n5 p3BS-88.
November 1980,

e
=

College students are assessed for their abilities at horizontal and
vertical spatial tasks. Differences between males and females and between
vertical and horizontal tests are covered in this study.

de Wolf, Virginia A, High School Mathematics Prepszation and Sex
Differences in Quantitative Abilities. Psychology of Women Quarterly, v5

n4 p555-67. Summer 1981,

On six mathematical subtests studied, males scored higher plus took
significantly more algebra,; geometry,; advanced mathematics, and physics
coursework. Female: - rned higher overall mathemati:s grades. After
statistically cont: i.ing for the amount of coursework takan, sex
differences disappeared on two quantitative tests and on spatial ability.

Fennema, Elizabeth; Carpenter, Thomas P. Sex—Related Differences in
Mathematica: Results from Hational Assessment. Mathepatics Teacher, v74
n7 p554=59. October 1981.

_Data from the second mathematics assessment of the National Assessment of

Educational Progress shows little difference between males and femal.s in
overall mathematics achievement at ages 9 and 13. However, at age 17,
females are not a-hieving as well in mathematics as males.

Fox, Lynn. Mathematically Able Girls: A Special Challenge. Arithmetic

Teacher, v2Z8 n6 p22-23. February 1981.

The special needs and problems associated with encouraging mathematically
able girls to pursue advanced training and education are detailed. Several
specific suggestions on ways to help female students in these areas are
given.

Jones, Peter L. Learning Mathematics in a Second Language: A Problem with
More and Less. Educational Studies in Mathematicsj; v13 n3 p269-87. August
1982,

Students in Papua, New Guinea were given a test in which the words more and
less were used in different contexts. Half the pupils studied had English
as their first language; for the other half English was a second language.
Study results of pupil errors suggested serious educatiunal implications.
Kirschner, Vicky. What Research Says: Femszlea and Mathematics. Schcol

Science and Mathematics, v82 n6 p511i13g October 1982,

- 104 - a7
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Selected mathematics education research orx the role and nature of wmen in
mathematics is reviewed., Studies are quof—ed which indicate that thee are
no inherent factors which keep girls from learning mathematics at th sarme
level as boys, and that intervention proge—ams can be effective.

Xolata, Gina Bari. Math and Sex: Are Gimrls Born with Less Ability!
Science, v210 n4475 pl234-35. December 1=80.

The idea that females may be born with le=ss mathematical ability thm males
is explored. Data from Benbow and Stanlesr, us well as from the Eduution
Commission of the States, are considered.

Luchins, Edith H. Women and Mathemsatics: Fact and Fiction. American
Mathematical Monthly, v88 n6 p4l3-19. Jurwe through July 1981.

Frequently cited sex differences in gener=al psychology texts afe noted,
With svch "differences" specified even whe=n scientific evidence did not
exiat. Research on brain lateralization =nd sex difference is revieed.

Mitchelmore, Michael C. Three-Dimensionall Geomtrical Drawing in in Tree
Cultures. Educational Studies in Mathemsstics, vll n2 p205-~16. May 980,

Significant differences between groups of students from the U.S., England,
and Jamzica in the area of spatial abilitww were indicated. Some
significant differences between sexes were= also found on the test usd.

Naiman, Adeline. Women Iechngphabia and C-ompaters. Classroom Computer
vZ n3 p2i-24, Janixary*?ebfuafy 198=.

NE‘HE:

Mierocvomputers are viewed as bridges betwe=en the traditional world deflned
for women and the male- -dominated world of technology. The view exprssed
is that female use of computers helps to E essen fear of technology.ad
micrscomputers can be a beginning supporti_ ve step.

<

Schofield, Hilary L. Géx, Grade Level, arad the Kelationship between
Hsthgﬁgf:u:s Attitude .u:nz Achievement in Ckmildren. Journal of Edggatmn
v75 n5 p280-§ May-June 1982,

Eafch—

Data on the mathematics attitudes and achi_evement of fourth through sixth
grade students were considered in relatior= to sex of student, grade level,
type of achievement test, and time during the school year at which the

measurements were taken.

Taylor, B. Ross. Eauity in Hathematics: A Case Study. Mathematics
T 53 v76 nl pl2-17. January 1983.

How the Minneapolis Public Schools have adl dressed equity issues of
increasing femal: and minority participati on in mathematiecs is described.
The Minneapolis experience has shown that considerable progress can b made
‘15 a result of awareness of inequities and® a belief that they can be

reduced.
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Tomi = zuka, C.; and Others. Mathemsmatical Ability: IsSex A Factor?
Scie=nce, v1I n4491 plli=21. Apri=1 1981.

Readfiers responses to marticle oy Benbow and Stanley in the December, 550
issuzie are presented. The letterss= are followed by aresponse by the authors
of t—he original article, who cla. _ ify points and stress the magnitude of the
sex difference uncovered in their— research.

Anic—%k, C. M., Carpenter, T- M., amnd Smith, C. Minoities and Mathes.atice:
Besuxalts from the Hatioul Agpsesammment of Educational frogress. Mathematics
Teac—hers, 1982, vel. 74 pp. 560—568

Blur=m, L. and Givs -* , 8, Inereasiiing the Participatim of Women in Fields
that=—"— Use Mathemsuiics. Amerlcan Melathematical chthly. December 1980,
PP 785-792,

Chec=—ng, George. Relations Among Symm=try, Asymmetry, Perceptusl
Compxorehension of Mumertls by KindHergarten and Firat Grade Children.
Brit—1:Ish Journal of Psychology. WVJ71; pp. 275-82, My 1980.

EllEXott, Portia C. (g "Back t—c Basics™ in Matheutics Won't Prove Who's
"Rige=ht" but Who's "Left" (Brain IMOuali‘y and Mathematics Learning.) Inter-
natizonal Journal of Mathematical Education in SCLEME and Technology . vil,
n2, pp- 213-19,-April-lme, 1980. _

Faut—h, G. C. and Ja«:abs, J. E. EEquity in Mathemstics Education: The
Educ—=ational Leader's ble. Educa stional Leadership. March ]98C,
=) 485-490.

Fox, . Lynn ., Brody, 1, and Tobi _n, D. (eds.) Womenand the Mathematical
Myst—ique. Baltimore, Ml The Jolehns Hopkins Univermity Press, 1980.

Greg —ory, R. J. and othrs. Left~~Handedness and Spatial Reasoning
Abil "ities: The Deficit Bypothesi. s Revisted. Intelligence. v4, n2,
PP - 157-59. April=June, 1980. )

Towmsmes, B. D., and Othrs. Benrowpsychological Corrlates of Academic
Suci==ess awong Elementary School CI=hildrem, Journal of Consulting and
Clin zical Psychology. v48, né, pi=p. 675-84. December 1980.

ERIC DOCTZUMENTS --ABSTRACTS

‘b-i\

(Cal 1 KNDW NET Project, (206) 753—.—-2858, for assistame in ordering full
doc - _uments.)

ED19 #1699

Sali- ent Issues in Mathmitics Edusscation Research for Minorities.
Proce-—eadings from an HE Sponsored ! Meeting (Se;l:l:,le,ﬂuhingtan, April 18,
1980+w). April 1980. 4lp.
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'rief papers in this doument wer ~epepared for an NIE-sponsored
:n April 1980. Claudette Bradley = jpes qrestions (but no answers)
-s aftecting American Indians. A Alwta Ca staneda stresse= the need
as.  -“tain how ycung childrenlearn mgt =hmitical ideas. Tony AL fredo
l¢. s notes inadequacies of Spanish bl —ligual perograms. Dora Serna
‘v es the use of students' vernaculgr — lmguage: in instruction - Hilda
w - also commenats on bilingual concerus :, Sgqu~Lim Tsang present= a review
r .search studies with Chinese Americgn = studengs , covering the fTopics of
sematical achievoment, testing, Plaget - imtasks , and curriculuzn.

2194319

Sreative Associates, Inc. State-of-the-A agileport on Mathematice Achieve-
ment. of Students of Black, Hispmic, snd | Niive Ammerican Origins. Final
Report aud Annotated Bibliograpy—Select--ellesearch Studies. Jxaly 1980,
88pp.

This two-part report reviews three major - amis of influence in the mathe-
matics lezarning of minority chiliren: {1 )learnin g style, person=xlity and
sel f-concept influences; (2) linguistic e flxcts; amd (3) school irafluences.
Low mathematies achievement and nonparfi¢ . imtion o f Black, Hispani e, and
Native American children have buome couCe em of administrators, teachers,
curriculum directors, ana paremts. Ag gu-.rpciety becomes inereasingly
morz technological, the ramifictions of tiiz educational situation become
more drastic. This paper review results of gener-al studies on achievement
of minority students and draws on researc™ hin math-ematics achievemnment of
the general populatica to locgte the impAs ciof cer tain factors on the
minority pupil situwation. Eachof the th=xumajor factors identiEied are
reviewed in detail, with the miy interco= zmeted faactors discusseel, and
separate and combination affects assegsSed  yere po=sdsible. The report
concludes with a summary and recommend2tleson for ¢Thanges in educa Eional
practices and suggestions for further reSe exch, Thhe appendix conrains a
l1ist of additional references onothey fas o8 relssvant to mathem=rics
learning of minority students. Part twWo cofthis resport ig an annc»tat.:x
bibiiography of selected research studies  liminor=ity education.

ED1 94346

Junghans, Barbara J. Hath Anxiety, Math #Msdpidance., Participation in Math:
A Summary of Research Curriculm. Recowmessmiitions for Career Education.
July 1980. 27pp.

Presented is the product of a wrriculul =rugrt ordiginated in the Mequon-
Theinsville Sex Equity Committee, and focu =uihg on =smathematies anxi ety and
avoidance. The project's twe mior purpos==gwere to: (1) have the
district's two major instructors hecome Awmvie of tEie problem, its dimplica-
t;nns, consequences, and suggesied interve==ition stwategies; and (=D

nitiate the development of some concrete arricyliam activities at= the high
f:hm;l level, aimed at’ ipcreasing pupil p=s=tticipatZon in mathemati cs.
Sections ‘n the report include: (1) a sumrmmy of =esearch on mathh anxiety,
including categorized recommenditions fuor wreomimg the problem; € 2)
statistics from Homestead High School's ge==wd seme=ster in the 197 9-80
school year; (3) reference materials relat—eto mat-—hematics center = and

im0
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res=source people contracted by the project (5) sample stuent activities
a—imed at career education, with probiems geared to particular carcers an d
c=areer profiles; (6) a description of svideotape seriedeveloped to
p=—ovide accurate information about women and mathematicsj and (6) a
se=lected bibliography. '

EED199105
K—3ncaid, Marylou Butler and Austin-Martin, George. Relitienship Between

A paper presented at the annual meeting of the Southwestfducational

Re=search Association in Dallas, Texas.

ETD201478
L-indquist, Mary Montgomery, Ed. Selected Issues in Mathematics Educatioen.
1=980. 268pp-

TE:is document examines specifically relevant issues andoffers useful
ge=iidance in making decisions for elementary and seconday school
mz=athematics education in the 1980's. 'The expertise of | authors is
re=flected in 14 chapters that provide for an overview of nathematics tod ay
ar—id recommendations for the future. The individual chapers are titled:
(1) Assessing the Mathematics Curriculum Today; (2) Problem Solving: Is It
a Problem?; (3) The Role of Computation; (4) Measurement: How Much?;
(=) Knowing Rational Numbers; Ideas and Symbols; (6) Prbebility and
Smratistics; Today's Ciphering; (7) Geometry: What Shap for a
Ce—mprehensive Balanced Curriculum?; {8) The Role of Maniputlative Materia
irm the Le<rning of Mathematical Concepts; (9) Computersad Calculators
st—e Mathematics Classroom; (10) Attitudes and Mathemactics; (11) Sex-Rela
I==sues in Mathemarics FEducation; (12) The Teachexr Variale in Mathematic
Irmstruction; (13) Basic Mathematics Skills; and (14) Recomendations for
Sc—hool Mathematics Programs of the 1980's,

Mob
Mo m

h

EED201492
Stv.aydam, Marilyn N., Ed. and Kasten, Margiret L., Ed. Iwestigations in

M= thematics Edocation, Vol. 14, Mo. 2. [98l. 72pp.

Twselve research reports related to mathematics educationasre abstracced
ar—d analyzed. Three of the reports deal with aspects of learning theory
t*aree with topice in mathematics instruction (fractions, problen solving
ar—d application orientation), two with aspects of computer assisted
ir—struction, and one each with advanced placement calculitors, mathematise—s
arixiety, and sex differences. Research related to mathemtics education
wi—aich was reported in CIJE and RIE between October and lkcember 1980 is

1i= sted,

ELCD202696
C™ ements, M. A. Spatial Ability, Visuil Imagery, and lithematical
Le=arning. April 1981. 57pp.

Tt—is document briefly reviews four areas of educational inquiry. The fizxst
s==ction is concerned with definitions of the texrms "'spatial ability" and
"=>isual imagery"; the second is concerned with trainingstudies in which
at—tempts have been made to improve-spatial ability or toencourage greale:

- 10]
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use - of visual imagery in problem solvwiy the #hird pertains Lo

diff. erences in spatial performance; anithe foe=irth is concernedith

stud ies investigating relationships bewen sp==tial abilicy, viml iMgge-ery
and mmmathematical performance. It ig wcluded that not only isgthere

lict le agreement, at present, about hawspatiaTZ ability and visul image:-ry
shou. 1d be defined, but also clear relaimshipss between spatialhility . and
visuz=al imagery, whatever t'ey are, anduthemat—ical learnings hm not be-een
iden tified.

EDZO=4153

Creswmvell, John L. and Exezidis, Roxanel, Sex and Ethmic Diffemces in -
Mathesematics Achievement of Black and Mican~Ammserican Adolescent 1981. .
7pp.

A pazoer presented at the annual meetirnjof the Southwest Educatiml
Rese=arch Association in Dallas, Texas,

ED20£=410
Meece=, Judith L. Sex Differemces in Alievemenmmt-Eelated Affect. ipril
1981 — 2lpp.

A pap—er presented at the annual meetipf the American Educati ml
rese==arch Assoclation in Los Angeles., Icludes mathematiecs eduttion and
mathe=matics anxiety.

ED20==38&5
Conne=r, Jane M. and Serbin, Lisa A.- Mimatic=s, Visual-Spatit]lbility e,
and S5Sex Roles. Fipal Report. 1980, Tj,

Sever—al studies that were directed towil exam ining the influenwof
cognl_tive factors in six-related diffemess in mathematics ach iwpent oE=re
repor—ted. Specifically, two lines of icarch wwrere pursued examhing: (2 1)
the r -elationship between different typwof vis-wual-spatial skillamd
mathe=matics acnievement, and (2) the tnimbili~ty of visual-spatil akill &
in ju:_nior high schnol students. . Part I[o this report discugsestw

studi es that examine the relationship hiween me=mthematics achiewmn!

(incl- uding computation, algebra, and gemtry) ==and visual-spatialsmill,

The r- esults of the two studies indicatethat v—isual skill and sptial

orien tation skill are somewhat distinctud botElh contribute to ‘preliceing =
ma-hexmmatics achievement. Further reseath exam=ining the developmt and
train-ability of these skills is promotel Part  II focuses on

visua 1l-spatial training research that wscarrie=d on in 1977-198\ The
1979-_. 1980 investigation is the focus, lh the &=wo earlier years o work
endinmse with negative results. This earlir vorl—< is documented inthe hope-e
that w=thers may profit in reading abouttlese ex~periences and comlisions .

ED206£2%60 — X
Elizabeth, Ed. and Others, Malsaticsss Education Resewn:
Implic=ations for the 80's. 1981. 185p,

Sponscored by the Association for Superviton andd Curriculum Develpent arEnd
the N=ational Council of Teachers of Mathmtics this document is milablese
from t—he Association for Supervision anifurricimmlum Development, ! N.
Washir—agten St., Alexandria, VA 223l4. (st is 5$6.75.

10 2
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t20784 7
lckett , ® Gail. Mathematics Self-Efficacy and the Considention of BSMath-
klated MeIajors: A Preliminary Path Model. August 1981 lpp.

The purpo--se of this study was to test the hypothesis thatmthemati-=
nlated s- el f-efficacy mediates the effects of gender andmhematic.—ml
peparati= on and achievement on mathematics-relatedness oftllege n—njor.

fle respo: nses of 117 undergraduates to a series of invenlwies and
uestionn <« aires yielded seven variables descriptive of thenathemati-—=s—

wlated c= areer-choice process; a casnual model of the interelations=hips of
tese var -iables was constructed from predictions based onel f-eflic=acy
teory. - A path analysis and consequent refinement of "hemdel res—<ilied 1
nhﬂal p.=ath model which was congruent with a self-efficuyapproact=® to
ymen's c-.areer development. Cender was found to influyeni pathemat =1 cs =self-
efficacy ind rectly through two avenues of influence: {llsocializ=ation
ifluence s, as captured by the Bem Sex Role Inventory masulinity seore;

ml (2) m :athematics preparation, as mediated by the yearsof high s-==<hool

mthemati <¢s and mathematics achievement level. Mat hematis-related salf-
Mhﬁsﬁy in turn influenced both mathematics anxiety andmthematic =s-
nlatedne :ss of college major. GCender, years of high schul mathemarzxics,
nd mathe=matics anxiety were also found to influence watlmtics ma__jor

Moice di _rectly, as well as indirectly through mathematigself-efl - 1cacy.
liexpecte - -d results and implications of the model are discoused .

£209069
led Foun _dation. Minorities and Mathematics. A Foxd Foulstion St.=aff
fiper No. . 415. August 1981. 29pp.

fis repo =rt opens with a bleak picture of the kind of matimatics ncow
tught wi .thin American classrooms. The situation for mimrity studesents 1is
ylewad as - pafﬁltulatly grim. The Ford Foundation has lauded a ma;_jér
mtional - effort to improve minority students' performancein mathen.=atic

nd to he :1p mathematics teachers improve the quality of thir Lnstrizgct;gn.
Tie Found _ation expects that the lessons iearned and the tehniques

#veloped : will help advance learning in science and mathmtics for all
tudents. Nine grants made recently as part of the Founition's in=—itiative
ite this : area are profiled in the remainder of the documit.

10153

htiz-Fraz.nco, Luis. FPirat Glances at Language and Culfutt in Mathewmmatics
lucation 2. August 1980. 12pp.

fig docu=ment hlghilghts pclnts made in papers pregenfédlnthé Lwo

sheduled . sessions deveted to issues in mathematics educaion affec Tting
sority : students at the 1980 National Council of Teacher of Mathec—natics
(M) cor nference. The first meeting was part of the ogfitial NCTM
wnference e program. The second meeting was sponsored by le Nation==1l
Imtitute of Education (NIE). Points from a total of thm papers

pesented over the two meetings are discussed. A paper wncerned w=ith
wrbal pre oblem solving in mathematics among Chicano studamts 18 the first
to be summsmarized, as it was only discussed at the NcTH swion. Th==: other
o were further discussed at the NIE—spnnsared meeting. koad are=as of
{lhas frowem both these papers are combined in a summary thtreview == he
hllowing . topic areas: bilingual education, curricylum, ttaching ar=d

- 110 -
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teacher training, ethnography, testing, and basic research. It is noted
that there is a general lack of replications of research studies with
minority students on findings and practices that are from mathematics
education research that focus on the majority. It is felt the absence of
such replications adds to the dubiousness of purportedly generslized
outcomes, and needs to be remedied.

ED210i 54
Ortiz-Franco, Luis. A Synthesis of Selected Research at WIE in Mathematics
Education Related to Minorities. October 1981. 18pp.

Nineteen projects related to mathematics education issues among minorities,
funded by the Learning and Development Unit at the National Institute of
Education (NIE), are summarized. It is felt that minorities and
mathematics education issues have been largely neglected in recent
investigations. This neglect is seen to have the potential to render
tenuous the generalizability of empirical findings which have been observed
among the non-minority student population. The studies abstracted here
cover seven ethnic groups, with both sexes included. Collectively,s they
include populations ia all levels of schooling. More specifically, two
investigations include pre-elementary school populations, six involve
grades K-=6, six focus on grades 7-9, four on grades 10-12, seven inelude
college populations, and five invelve adult professionals. Further, three
studies do not specify what ethnic groups are included. Of the remaining,
eight involve whites, seven pertain to blacks, and four include Puerto
Ricans. Each of the groups American Indians, Chinese, and Chicaneos is
included in two studies, and one report includes Alaskan Natives. One
study covers females only, the remaining include both sexes.

11353
Lynn H. The Problem of Women and Mathematics. August 1981. 38pp.

D2
ox

Lol o]

7
This report is divided into two main parts. The first part, The Problem of
Women and Mathematics, emphasizes results of ten research projects
initially funded by the National Institute of Education (NIE) in 1979.

They are emphasized because the findings are current and the projects
touched on all major issues. This part has sections on Sex Differences in
Mathematics, Factors Influencing the Study and Learning in Mathematics, and
Factors Influencing Career Interests and Choice. The second gsection, Where
Do We Go From Here, is drawn from the book "Women and the Mathematical
Mystique.' This part suggests directions for research and directions for
change. The document v ~ludes with a list of references.

ED212466
Stewart, Claire. Sex Differences in Mathematics. Research Report.
February 1 P

This document reviews current literature, and contains the following
section titles: GCeneral background; Current position in New Zealand and
trends; Cross-cultural studies; Spatial visualization and problem solving;
Achievement; Attitudes; Attitudes and Achievement; Mathematics as usefulj;
Coufidence in mathematics ability; socialization/sex typing; Women in

mathematics—related fields; Home environment; School enviromment; Type of
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school; Careers; and Summary. It is noted that the studies vary in their
reports of exactly when sex differences in mathematics achievement cmerge,
but generally it is reported that there are few differences at the primary
level. 1t is in high schecol that males pull ahead. Even when participa-
tion and achievement are almost equal in middle high school, as is the case
for recent New Zealand school certificate exams, girls are still less
iikely than boys to continue with mathematics, It is felt that usecful
investigations could look further into the relationship between the
development of attitudes towards mathematics and participation and
achievement in mathematics.

ED219237

Fennema, Elizabeth; Reyes Laurie H. Teacher/Peer Influences on Sex
Differences in Mathematics Confidence. Final Report. October 1981.
227pp.

The participation iu certain classroom processes by students of high and
low mathematics confidence who scored above the mean in mathematics
achievement was studied over 2 years. The processes selected were: (1)
specified types of teacher-pupil interactions, and (2) student engaged time
in high or low cognitive level mathematical activities, spatial activities,
and with peers. Eighty-two seventh graders were observed daily in their
regular mathematics classes for 3 to 4 weeks during the spring semester of
1980, and were again observed in 198l. Between 3 and 14 target studaents
were within each observed class. Roughly equal numbers of each sex were
chosen based on the following characteristics for the sample: (1) mathe-
matics achievement scores were at or above the sixth—grade mean of four
middle schools, and (2) confidence in mathematics scores were in either the
top or bottom quarter for all pupils who had achieved higher than the mean.
in each classroom. Data were collapsed across classrooms and analyzed
using analysis of variance, with sex, confidence level, and years as
faetors. -

ED222037

Fox, Lynn H. The Study of Social Process That Inhibit or Enchance the
Development of Competence and Interest in Mathematics Among Highly Able
Young Women, Final BReport. September 1979 through January 1982,

The Study investigated social process and sex differences that might
inhibit or enhanc- the development of interest, self confidence, and
competence in the study of mathematies and in the pursuit of careers which
require advanced mathematical knowledge and skill among 120 seventh
zraders, all identified as having superior mathematical ability by the
Study of Mathematically Precocious Youth at Johns Hopkins University. A
student questionnaire and a parent questionnaire were developed. The
Vocational Preference Tnventory was administered to students. Questions
investigated covered the following areas: characteristics related to
family background and aptitude, attitudinal charactevistics, support from
significant others, home learning, interrelationships between variables,
and teacher characteristics. 8s were divided inte five groups: A-l
consisted of girls considered to be highly motivated on the basis of their
having acecelerated their study of mathematics; A=2 included girls who were
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considered to be not as highly motivated as A-1l; B-1 was a sample of boys
considered to be highly motivated; B~2 was a sample of boys considered to
be not highly motivated; and C was a sample of girls who appeared to have
low interest in mathematics and high interest in the humanities. Among
findings were the following: no significant differences were found among
the five groups on measures of socio-economic and family constellation
varigbles; A=l girls had lower levels of self confidence in mathematics
than B-1 boys; mothers of boys noticed abiiity in their sons at a much
eqrlier age than mothers of girls; and most parents of girls felt careers
would need to be interrupted for child bearing purposes. Although all the
girls were extremely talented in mathematics, they had not been viewed as
unusually gifted or unique by the teachers.

ED222326
Schildkamp—Kundiger, Erika, Ed. An Inrernational Beview of Gender amd
Mathematics.

Because mathematics and gender (sex) is a research area of increasing
lnterﬂatlﬂnal 1ntes St; a warldwidé survey sbaut réseafch coﬂcerned with
candu;ted. Reparcs inzludad in th;g da;ument were submltﬁed frﬁl
Australia, Canada, Dominican Republic, England and Wales, India, Ireland,
Israel, New Zealand, and the United States. Points considered in the
reports include the general interest in the topic in each country, regearch
concerns (variables other than sex examined, theoretical framework of the
research, activities resulting from the research such as programs to
increase females' achievement/interest), discussions/developments on the
topie, and situations unique to each country. nghllghtiﬁg information
received, it appears that: (1) in m¢3t countries the topic is not a
central subject of empirical research, although there are some indications
that as interest arises, its importance is recognized and leads to
research; (2) the United States, followed by England/Wales, is far ahead of
other countries in research on mathematics and gender; and (3) that
different research strategies are used to understand sex-related achieve-
ment differences as explained by sex role perceptions, personality traits,
and differentiated interaction processes. References, including articles
and documents published in countries participating in the survey, are
included. These include background papers,.research reports, project
infermation, and teaching suggestiona.

OTHEE RESOURCEES

The following items are available from the Mathematical Associatdion of
America, 1529 18th Street NW, Washington, D.C. 20036:

Blacks and Mathematics (BAM) and Women and Mathematiecs {WAM).
-
Visiting lecturer program to interest Black students or women te

pursue mathematics—-based careers. Aimed at high school student.

Mathematics Education of Girls and Young Women.

Positions statement. (April 1980)
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Mathematics Education of Girls and Young Women.
Information Resource. (September 1980)

Report on Task Force on Problems in Mathematics Education of Girls
end Young Women.

Cost $2.50. (February 1980)

Multiplying Options and Subtracting Biaz: An Intervention Program
developed by Elizabeth Fennema, et. al.
Four videotapes,; one each for teachers, students, cou
parents——for purchase only. §125 per tape with manual

all four tapes.

Available from ERIC/SMEAC Information Center, Ohio State University, 1200
Chambers Road, Columbus, Ohio 43212.

Suydam, M. and Kirschner, V. Selected References cn Hathematical
Anxiety, Attitude and Sex Difference in Achievement and Participa-
tion, 1980. (52.50)

Schildkaump—-Kundiger, Eri An Internmationzl Beview on Gender and
Mathematics, 1982.
To b;a Sheila. Overcoming Math Anxiety. New York, NY: W. W. Norton
Paths to Programs for Intervention ($16.00).
Resource Catalogue for Practitiomers ($13.00).
Resource Manual for Counselors/Math Imstructors ( '12.00).
Self-Help Kit for Students ($12.00).

Institute for Study of Anxiety in Learning, Washington SEhGG1 of
Psychiatry, 1610 New Hampshire Avenue, NW, Washington, D.C. 20009
(202/667-6380).

ASSOCIATIONS

National Council of Teachers Mathematics, 1906 Association Drive, Reston,
VA 22091.

National Association for Equal Dppaf:unlty in Higher Education, 2243
Wisconsin Ave. NW, Washington, D.C. 20007 (202/333 -3855).

National Association for the Advancement of Colored People, New York, NY.
United Negro College Fund, Inc., New York, NY.

WQmen and Hathématlcs (WAH) Dr. gileen L. Pniani, Depafﬁmént of
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Lectureship Program for High School Students. Currentlv operating in the
following areas: Boston, Chi cago, Connecticut, South Florida, New York/New
Jersey, Oregon, San Francisco Bay Area.
Association for Women in Mathematics, Women's Research Center,
Wellesley College, 828 Street, Wellesley, MA 021381.
Organization comprised mostly of women mathematicians.
CAREER INFORMATION
Careers in Applied Mathematics. (1981). Society for Industrial and

Applied Mathematics, 1405 Afchitects Building, 117 South 17th Street,
Philadelphia, PA 19103.

Guide to help high school seniors and college students choose a wmajor.

Mathematics at Work in Society: A Career Awareness Package. (November,
1981). Mathematical Association of. Amsrlta, Doleiani Mathematics Center,

CXatalel

1529 18th St. KW, Wwashington, D.C., 2003a.

Askew, Judy. The Sky's the Limit in Math-Related Careers. (1981),
Educational Development Center, Newton, MA. $3.00 =ach.
Forty-four page booklet describing math related jobs in Computers,
Engineering, Finance, Eduﬁatlaﬁ, Research Mathematics, and Statistics.
Uses - quotes from women in these areas. A resource list of women who

may be contacted with questions is given.
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