IDENTIFIERS

\
%BSTRACT

DOCUMENT RESUME

Literature Reviews; *Mathematics Education;
*Mathematics Instruction; *Minority Group Influences;
*Minority Groups

*Mathematics Education Research

A review of 24 representative studies conducted on

ED 228 058 ‘ SE 040 935%
AUTHOR Matthews, Westina . :
TITLE Influences on the Learning and Participation of ,
Minorities in Mathematics. A Report from the
Postdoctoral Fellowship Program. Program Report
‘83-5, .
INSTITUTION Wisconsin Center for Education Research, Madison.
SPONS AGENCY National Inst. of Education (ED), Washington, DC.
PUB DATE Jan 83
GRANT NIE-G-81-0009
NOTE 44p.
PUB TYPE Information Analyses (070) —- Reports - .
‘ Evaluative/Feasibility (142)
\  EDRS PRICE MF01/PC02 Plus Postage.
DESCRIPTORS Educational Research; Elementary Secondary Education;

minorities and mathematics between 1975 and 1982 is presented. A
nhmber of variables, categorized by parent, school, and student, are
identified as having an influence on minority students'’ learning of

_ and participation in“mathematics. Trends and patterns identified in

“rage-related differences in mathematics performance and mathematics
enrollment are discussed. Questions are raised to guide future
res&arch, and several prevention and intervention strategies are
suggested. (MNS) ‘

*****#*************************************?*********************3}****

* Reproducticns supplied by EDRS are the best that can be made *

* from the original document. *
***********************************************************************




/

b . ¢

.

U.S. DEPARTMENT DF EDUCATION
NATIONAL INSTITUTE OF EDUCATION
EDUCATIONAL RESOURCES INFORMATION
CENTER (ERIC}

Ths document has been reproduced as
recewed from the person of ofganizaton
onginating it

Minor changes have been made to improve
rep(oducu})n quality

Points of viey ST 0pInons stated in this docu
ment do not necessanty represent officiat NIE
positon or policy

“PERMISSION TO REPRODUCE THIS

MATERIAL HAS BEEN GRANTED BY
‘

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC).”




awa—y

, Program Report 83-5
M INFLUENCES ON THE LEARNING AND PARTICIPATION

OF MINORITIES IN MATHEMATICS

by S

» .
Westina Matthews

A Report from the
Postdoctoral Fellowship Program

- . Wisconsin Center for Education Research
University of Wisconsin -
. Madison, Wisconsin
]

January 1983




bt}

Dr. Matthews is now Staff Associate at the Chicago Community
Trust in Chicago, Illinois-

The research .reported in this paper was funded by the
Wisconsin Center for Education Research which 1s supported
in part by a grant from'thg National Institute of Education
(Grant No. NIE-G-81-0009). The opinions expressed in this
paper do not necessarily reflect the position, policy, or
endorsement of the National Institute of Education.

ii.

o ) . » 4




Wisconsin Center for Education Research
) , MISSION STATEMENT

The mission of the Wisconsin Center for Education Research

- is to understand, and to help educators deal with, diversity
among students. The Center pursues its mission by conducting
and synthesizing research, developing strategies and materials, -
and disseminating knowledge bearing upon the education of
individuals and diverse groups of students in elemertary and

‘ : secondary schools. Specifically, the Center investigates

® diversity as a basic fact of human nature, through
studies of learning and development

¢ diversity as a central challenge for educational
techniques, through studies of classroom processes

e diversity as a key issue in rélations between
individuals and institutions, through studies of
school processes

® diversity as a fundamental question in American
social thought, through studies of social policy -
related to education ’ \

The Wisconsin Center for Education Research is a noninstruc-
tional department of the University of Wisconsin-Madison

v ‘ School of Education. The Center is supported primarily with
funds from the National Institute of Education. '

Q. | 1119




. ACKNOWLEDGEMENTS

As always, there are ahfew that deserve spec;al recognition for their
a§sistqpce. A‘heartfeit thaﬁk you to Elizabeth Fennema who first sug-
gested I write this paper, to Cora Marrett and Edgar Fpps for their assis-
tance in the conceptualization, to Daniel wélsh éor his careful readings
and comments on the preliminary drafts, and to Kay Schultz for hér fine
technical support. I am‘deeply indebted to the Wisconsin Center for
Education Reséarch for its generous support during my postdoctoral appoint-
ment. )

Finally, to minority students leeave this thought: Color may not

only be beautiful, it can be brilliant; don't be afraid to shine.




TABLE OF CONTENTS

ACKNOWLEDGEMENTS .+« « « o o+« o e oo o\ v v v v eV
LIST OF TABLES « « « = o v « o v o o o o v o o o o pm o o v o v o . Wviid

° I INTRODUCTION . & ¢ o o o o o o o o 2 o o o o o o o o o o o o 1

II. OVERVIEW OF THE STUDIES .+ « « o o o o o o o o o o o o s o o+ 3

SELECEION « vtv v o o e o o o b e e e e e e e i e e e e 3
General Description . . ¢ o v ¢ o o ¢ v 0 e e e e e e e e 3
. ' s
III. INFLUENCES ON PARTICIPATION AND PERFORMANCE . . . . . « « .+ & 7
Parent Influence . « « « « « « « o o : e e e e e e e e e e 8
Student INFLUENCE . o« « « o o o o o o s o o o o o o o o oo 11
SChoOL INFLUENCE + o o « o o o o o o o o o o o o o o o o o« 15
Iv. 'RECOMMENDATIONS S T T A ) 22
Future ReSearCh « « « o v o o o o o o o o o o o o o o o o o 17
Intervention and Prevencion . . . « ¢ ¢ ¢ o o o o o o e o 20
CONCLUSION ¢« o o o o o o or o o o o o s o o o o o o o o o o 22
A
REFERENCES « + o o o o o o o o ot e o e oo o e e e e e e o a e 2]
i
-

ERIC J




LIST OF TABLES

Page

1. Selected Studies on Minorities and Mathematics*l975-l982 - e e . 4

2. Description of Selected Studies on Minorities and
Mathematics by Influences and Qutcomes . . . « o o « o o - o + & 9 ‘

3. Parent, Student and School Influences that Affect the
Mathematics Performance and Participation of Minorities . . . . 23 .




L. INTRODUCTION

Employment opportunities are available in the sciences, but historic-
ally such gpportunities have been avoided by many minorities (e.g;; Blaéks,'
Méxicah-Americans, Puerto Ricans, NatiQe Americans). While major efforts
have been made to encourage students, across racial groups, to consider ~

L science careers, minorities are still underrepresented in occupations
which require a background in mathematics (Vetters & Babco, 1981).

Because mathematics is a sequenzial subject and most science positions
require a mathematics background, minoritieg must be encéuraged to begin
their mathematics education early and to continue at least through high
school. “ i

- It has been well established that minorities are cansisfentiy scoring
below the national norms 6n standardized mathematics test; and are hoﬁ V
enrolling in advanced high school mathematics classes (e.g., National ‘
Assessment of Educational Progress, 1980; Peng, Fetters & Kolstad, 1981).
Although socio-cultural factors or géﬁetic influences have been suggested
for this discrepancy, there appears to be little'hard evidence to support
these speculations. Indeed, there is a paucity of Eesearch aVailable .
sbecifically on the topic, and oftentimes researchers must draw from other
disciplines“(e.g., psychology, sociology). o

For those studies in which either the learning of or the study of

mathematics by minorities is addressed, there are several problems that
N

1

affect their usefulness or appropriateness. One problem is that most of
) the studies usually are either unpublished papers or are final ¥eports to

fundiné agencies and, therefore, are inaccessible to the géneral public.

- o
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*Another problem is thaé some of the findings of these stﬁdieé could be
considered serendipitous in that neither the original nor primary objec-
tive of the study was to examine minorities. (More often than not, the
study was of sex-related dif%erences and race was included as a background
variable.) Inadequate reasons are then given to explain any race‘effects.
Although individually these studies may have design or methodological

problems, considered collectively, they report consistent patternms.

! . R y

The purpose of this paper is to develop an understanding of why

o

. A . . . 1 .
minorities continue not to participate in or to learn mathematics. This e
- - N

£

understanding will be based upon a careful review of research conducted on >

v

minorities and mathematics since 1975. Trends and patterns that have ’been

identified in race-related differences in mathematics performance and

- o

.

' mathemgtics enrollment will be discussed. Research questions will be '
raised -that might guide future research endeavors, and a_ few ‘'recommenda-
tions will be made for prevention and intervention strategies.
- N
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* II. OVERVIEW OF THE STUDIES. -

Selection , ) . < < . . .
r > - ‘ .
For this review 24 studies were selected, 'The year 1975 was chosen s ,
. . .

-
.

as the initial year‘'because it-appears to be the beginning of research on . ,

.
v -

minorities and mathematics. This may be because much of the research on

.« .
“ .

women and mathematics was wei} underway, and questions were beginning to )

be raised about the participation of minority women in mathematics. e
- . s 4
. "\ . N
Indeed, the titles of the papers and reports reviewed in this paper, . ¢ ~
- . ’

indicate that many of the earlier stuaies fi975-1978) are about. minority # T e

S . At . . ) .
‘

women in the sciences or about women and minorities. It is after 1978 . S

that there are more research studies solely concentrating onminorities. R ..

¢ x
“ u -

The 24 studies selected for review may not be exhauStive but are

N .
x

believed to be representative. It is recognized that there is a very gooa' .

v
s —

body. of research’ avgf?able on race-related differences in the affeetlve .7

domain (e.g.; achievement orientation, self-esteem, locus.of control) in o .

which one of the outcomes is mathematics achievement. Those studies have N
[] \ ' » ) * . N
been excluded because they did not meet the major crsitérion for selection: ',

| ¢ . * -« " " >
the major purpose of the study was to understand why minorities are under-* -

represented in mathematics and science. -
~
b S ¥

General Description R . . “ A
« -7

The followi.g is a brief summary of the 24 studies. ' In Table 1,

-~

sample, the date of data collection, and the rdcial composition of the

.

saﬁples are outlined. Many ofvthe studies discussed in this paper havé
Y 2
b

been written since 1980. With only three excéptions (Anick, Carpenter &

Smith, 1981;  Jones, Burton, & Davenport, 1982; Kenschaft, 1981), the . "
) ) ¢ .

2 , .
i
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TABLE 1

1975 - 1982

Selectéd Studies on/Mihéfities,and Mathematics

in San Francisco Bay
area (500)

79%
3z

e >
=
T / -
Authors & Date - Population . Date of Racial Composition
(Sample Size) Collection of Sample
Anick; Carpenter ~9-, 13-, and l/-year- 1977—1978 147 Black
& Smith,-1981 " " olds (70,000)2 5% Hispanic
! » ¢ . 80./0 White
- l% Other
Creswell & Houston, 8th and 1llth graders 1979 - 33% Black
1980 . " in Houston, TX (300), ) 337% Chicano
- ’ 337% Anglo
. Cuevas & Llabré, " 4th and Sth graders' , 1980 100% Hispanic
£1981 . in 5 schools in Dade
. ) County, FL (408)
Erlick & Lebold, 10th and 12th graders 1975 15% Nonwhite -
1977, ' (8,621)b 857% White
Fernandez, Espinosa, 8th and 10th graders 1974 27% Black
, & Dornbusch, 1975 from 8 San Francisco i?Z’Spanish—surnamed
: high schools (770) 24% Asian American
247 White
Hall,'?98i female scientists l§8O ...minority >
S (52) .
’\ ‘ ! < ’ .
Hedges & Majer, students at 7 Univer- 1976 ...Black
1972 . sity of ‘California . .Chicano
campuseés (51,622) . .Asian American
.Jackson, 1982 10th #nd 12th graders 1980 ...Black :
. Y& . (72,000)¢, - ’ ) ...Hispanic
. ..White
Jones, Burton & 9-~, 13-, and l7-year- 1977-1978 147 Black’
Davehport, 1980 olds (70,000)3 5% Hispanic
) - . 80% White N
" 1% other
Kenschaft, 1981 ) women who earned doc- 1978-1981° 100% Black,
L or torate in pure or :
applied math (20)
© Kirk, 1975 1lth grade femaies 1974 187 Asisn American

White
other




TABLE l1--Continued

!

Selected Studies on Minotfities and Mathematics

MacCorquodale,
1981

McNamee, Katz,
& Bowman, 1981

Nelson, 1978

Rancifer, 1978

Sells, 1978

Skypek, Lee
& Cox, 1976

Thomas, 1981

11th graders (900)

and 12th graders (1500)
in Nogales and Tucson,

AZ

4- and 5-year-old
low income children

in Chicago, ILL (...)€

5th graders (67) and

'11th graders (82) in

New Orleans

high school seniors
in Arkansas (683)

high school students
in a west coast dis-
trict (2500)

9th and 12th graders
(2,626)d

high school seniors
(16,683)f

25%

1979-1980 . 807%
20%

1980-1981  100%
1977 100%

33%

“67%

1979 40%
48%

2%

8%

1960-1974 100%

1972-1976 100%

1975 - 1982
Authors & Date Population Date of Racial Composition -
(Sample Size) Collection of Sample
Lantz & Smith, high school students 1979 30% Black
1981 in San Francisco Bay 70% White
Area (362)
Malcom, Hall, & women scientists (30) 1975 46% Black
Brown, 1976 17% Mexican American
20% Puerto Rican
177 Native American
. Marrett, 1981 high school studénts . 1979-1980_ 447 Black
(18,437) : 567 White
Matthews, 1980 high school students 1978-1979 50% Black
in Oakland, CA (630) 25% Asian American

White

Mexican American
Anglo

Black

Black

Black

White

Black

White

Hispanic
Asian American

Black

Black




TABLE l1--Continued

1975 - 1982

Selected Studies on Minorities and Mathematics

Date of
Collection

Authors & Date Population

(Sample Size)

Racial Composition
of Sample

. ~JTreisman, 1982 1973-1981

freshmegg. and
sophoms college
students at University

of California-Berkeley
> (643)

Iy

1975

Tsaug, 1976 7th and 8th graders

in 3 CA cities (323)

3National Assessment of Educational Progress (1980)

brhe Purdue Opinion Poll 101 (Erlici & LeBold, 1975)

.cHigh School and Beyond (Peng, Fetters & Kolstad, 1981)

dProject Talent (American Institutes for Research, 1972)

e .
...exact number or percentages not reported

fNational Longitudinal Study (Fetters, 1972)

67% Black .
33% Chicano

100% Chinese
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* Alaskans and Native-Americans.

studies are not easily accessible to the general public. Nearly 50% ofl
the authorg were minorities, and most of those were black. Six of the
studies used national samples, aAd eight of the studies used samples
located in California. In five of the California studies, Berkeley High
School was one.of the sites. The majoritonf the studies used cross-
sggﬁionhl data; in only a few cases were the data collected over more than
/;ne year (Kenschaft, 1931; Skypek, Lee & Cox, l97§; Thomas, 1981; ;nd
Treisman, l982l€ Over 75% of the studies used blacks as the comparison
racial group, and in 50% of the studies Hispanics were used.

There appeared to be little consistency in either the gross classifi-
cations of the minority populations studiéd or the instruments selected.
For the majority of the studies in which there were multiracial compari-
sons, Chinese, Vietnamese, Japanese, and Pacific Islanders were often
lﬁmped together to form the group Asian Americans. ’The Spanish-surnamed--
Puerto Ricans, Cubans, Mexican—Americans——wefe lumped inconsistently
together to form the group Hispanics. Other was used to classify the

There was little consistency in the Kind of instruments for the analy-
ses. Except for those~few sﬁudies in which national assessment data were
used, either a standard teét, a self-made questionnaire, or an interview -
protocol was used. It is quspected_thaf the researchers used the stand-
ardized test which was administered by the school. The Fennema-Sherman
attitude scales’(Fennema & Sherman, 1977) were used in two studies

$(Nelson,‘l978; Rancifer, 1978). Otherwise, researchers developed their own
questi~nnaires to measure mathematics attitudes and anxieties. Becaise of
the different emphases, it is difficult to compare the findings'from these

questionnaires across studies.
1
-,

<t




IIT. INFLUENCES ON PARTICIPATION AND PERFORMANCE

) The two outcomes that have been consistently studied are mathematics
participation and performance. Both thé désire to take pore,maﬁhemakics,
aspiraéions, and the completion of the course, persistence, have been
researched as participation'variables.— Mathematics performance included

measures of achievement, performance at one time, and of progress, change

over time.
Three clusters of variablés have been identified as having an influ-
ence on the minority student's performance or participation: parent,

student, and school. Ascribed characteristics (race, sex, age) of parents
1

1 3
|

were stkdied as well as cognitive (past and present education and occupa-

tion), éffective (expectations, aspirations, attitudes) and cultural

B
| . »

2 (communi%ation style, primary language spoken at home) variables. Within

|
the\stude?t cluster, variables studied were ascribed characteristics,

~
v

cognitive‘(past and present’ enrollment and performance), affective (aspirq—
tions, expectations, self-concept), and cultural (cognitive learning style,
language proficiency). The school variables were climate, organization,
resources, racial éompositidn, and school personnel.

‘These clusters of variables seemed to have varying effects on thé
mathematics participation and performance of minorities. How these vari-

.

ables were related to one another and how they might operate differently

-

for the various racial groups were two of the major research questions L

that were posed in the studies. After critically reviewiné these studies,

\ it may be that we can find answers to thesé questions. The following is

‘a discussion of these influences. Because the two outcomes--performance and

> N "
. e
\ +

- ERIC

i e
f




Iy

O

ERIC

Aruitoxt provided by Eic:

participation--are so closely intertwined, the review of the studies is

organized by the influence of the variables on both outcomes. In Table 2,

s

the outcomes and the 'influences investigated in each of the 24 studies are
(' N . "’ ’
jdentified. Although discussed in the text, ascribed characteristics for

.

both parents and students are not”described in the table.

Parent Influence
It may help to think of -the parent influence as that which a student
brings to school that might affect the student's experiences within the

-

school, what Bloom (1964) called eﬁtry characteristics. There were at
least six of these variables that wer; found to have an influence on
students' mathematic; participation or performance.

Cognitivé. There is some evidence to sﬁggest that mothers' egucation
and occupation mayrbe a better predictor of future students' success (g.g.,
performance) than fathers' influence. There ;5 little gmpirical evidence

to support this, however, because most of the findings reported for parental

influence are perceptions of the students rather than actual observed or

parent reported influence.
Affective. It is‘only from ghose studies of minority women scientists
(Hall, 1981; Kenschaft, 1981; Malcom, Hall & Brown, 1976) that we find
mothers' attitudeé about mathematics or attitudes about their childrens'
ability to perform tc be reporteq to havé an influence: One should be
cautious~in concluding ‘that QOthers have a larger influence than fathers.
Due to the:growing phenomenon of single head-of-household parents (usually
the mother) of black and ‘Hispanic students, reported mothers' influence;,

5 4

may be more a reflection of family patterns than direct mother intervention.

LY




Descriptfan of Selected Studies on Minorities and Mathematics

TABLE 2

by Influences and Outcomes

10

Influences’ Outcomes
Parent Student . School Perfor- | Partici-
' ~ mance pation
o
)
o
i)
-
.
o 0
5 g 2 2 9
huthor oo |22 (L5883 Ea| &
and Date A od © a3 ¥ N O o 8 8o
FS S PP u P oA H ~ 4 ) o o
A O D - v 3 @ g 23 o O 0 M Lo
g o b g o B £ & 0 = ® ) o w0
80 W o~ 80 Y3 o A & »n O W Lo o M
0 W o 0 4w 2 - Rk 0 ® o RN o 9
O ®© © O ®© O O 0 H H o Y -

Anick, Carpenter.

& Smith, 1981 X X X X X

Creswell & Houston,

1980 X X
Cuevas & Liabre,
1981 X X X X
Erlick & LeBold,
1977 X X X X X
Fernandez, Espinosa,
& Dornbusch, 1975 X X X X X
/

. Hall, 1981 X X X X X
Hedges & Majer, .
1976 X X X
Jackson, 1982 X X X X X
Jones, Burton &

Davenport, 1982' X X
Kirk, 1975 X X X’ X X x x X X
Kehschaft? 1981 X X X X X X X X X X X

-
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Aruitoxt provided by Eic:

TABLE 2--Cont-inued

11

Description of Selected Studies on Minorities and Mathematics .
by Influences and Outcomes )

Influences Qutcomes
Parent Student “School Perfor-. | Partici-
‘mance pation
‘: ~
. 0
o
i)
o
9]
e 0
o 2. 7 w o
‘ 0o o 0o o T o 5 o g § &
futhor .\ X Eg lzad g 88| 88 |82
and Date D D oM HEE R 38 8 < E > o R
" o 3 " o 3 9 £ 3 @ O 0 K U
g o D g 0 b g © 0 «d 0 ) A ®
80 Y 80 W o 80 Y W L0 oM
QO W 3 0 W 3 H 4 o © o o n o o
O ® © O ® © O 0 H H A s A T A
Lantz & Smith, 1981 X X X X X X X X° X X
Mélcom, Hall & .
Brown, 1976 X X XX X X
Marrett, 1981 X X X X X X X X
Matthews, 1980 X X X X X X X X : X X
. <3
MacCorquodale,
1981 X X X X X
McNamee, Katz, &
Bowman, 1981 X X
Nelson, 1978 x x x x
Rancifer, 1978 X X X X X X
Sells, 1978 X
Skypek, Lee & .
Cox, 1976 X X X X X
Thomas, 1981 X X X X X
? ]
Treisman, 1982 X X X X X X X X
Tsang, 1976 X X X X :
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Cultural. quluence of language has been studied in a few instances,
all with "Hispanic" populations. Cuevas and Llabr%‘(l981), Fernandez,
:Espinosa, and Dornbusch (1975) and’McCofquodale~(l981) reported the idipor-
tance oﬁﬁthe primary language spoken‘at home. Cuevas (1982) raised the
very good point that a child whose native lang§aée is not English will
have manf problems with the language constructions used ir the mathematics

classroom.

Student Influence ‘ » -

Most of the re;earch on minorities and mathematics_has concentrated on
the student. In comparison to the parental influence variables, there is
a w;alth of information a;ailable, the majority of which concerns the
students' ascribed characteris%ics and affective influences.

Ascribed. There is considerable‘empirical evidence that iggg does
have an effect ;ﬁ performance. Compared to their white counterparts, black
and Hispanic students consistently scored below the na&ional average in
mathematics. Between 1972 and l97é modest impcrovement was ;?ported for
9-year-old blgck and Hispanic studenté; this favorable trend was reversed
for 7 year—oid—black studengs. Although 17 year-old Hispanic student; did
improve slightly in performance, they still scored appreciaﬁly below the
national norm (Anick, Caréenter, & Smith, 1981).

There are very few studies in which othef racial groups have been
studied. 1In their Stuéy of minority women scient::tst:s\3 Malcom, Hall and
Brown.(l976) interviewed Native Americans. The rare studies of Asian

Americans (see Hedges & Majers, 1976; Kirk, 1975; Matthews, 1981l; Sells,

1978; Tsang, 1976) are often merely a discussion of descriptive statistics

o

2!
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of enrollﬁent patterns. Matthews (1980) and Kirk (1975) studied Asian

Americans more sensitively, although there was .a gross grouping of ethnic

groups. For an erudite discussion of mathematical studies of Asian
Americans, see Tsang (1980).

There is evidence to suggest that there may be important sex differ-

ences in performance and participation (e.g., Matthews, 1980; Thomas, 1981).
As Marrett (1981) noted, although more black females than males were in
advanced courses, they were greatly outnumbered by white students of both

sexes. Marrett found that, while the differences between the sexes in

-
’r

enrollment was not large, a larger percehtage of black males than. females

were enrolled in lower level courses. This pattern was also found by
Matthews (1980) and Rancifer (1978). However, one should not exaggerate

the trends for black females. Compaféble research on sex differences

-

within racial groups other than blacks has not been conducted.

The age of the student may be a factor in differences in.outcomes,
particularly after age ﬁine. There is little empiricdl evidence to supporg
diffe;ences at the younger agfs. In.oné of the few stgdies of pre-school ' g
children, McNaﬁee, Katz, and Bowman (1981) looked at teacher interactions
4 with black low inbgme ch}ldred? None'of the 24 studies reviewed looked at

s

students between kindergarten and fifth grade. MWe do know that after age

-

nine'significant differences are found %etween minority and-nonminority
populations, and that the différeyces increase as the students grow older
* (Jones, Burtoh § Davenport, 1982).
.Cognitive. There is little convincing evidence that there are educa- -

tionally significant racial differences in the learning of mathematics.,

/

: | 2z
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It.has been suggested t;at a student's coursetaking history in mathematics
may‘have an effect on later achievement (Fennema, 1977; Fox, 1980). That :
is, a student who has not enrolled in or completed a mathematics course
is unlikely to score high on a test measuring the content taught in that -
' course. In her study of 42 high schools in 36 districts, Marrett (1981)
found that black students compr£sed over half of tﬁe sample, but they were
only oné—third of the enrollees in algebra II and one-fourth of the %
eqrollees in calculus. When she looked within racial category, she found
a greater concentratioq of black students in lower level courses. Nearly .
half of the black students, as compared with one-quarter of the white
student53 were in those courses. ‘Moreover, black students represénged a
slightly smaller percentage of éll mathematics enrollees than they did of
the total student‘populat%on. Her findings were supported by Jackson (1982)
iwho used the Higﬁ School and Beyond data base; he found that blacks'were
more likely to be enrolled in the lower level mathematics courses.
o . Affective. A number of variables h;ve been iééntified asf;aving an
influence on‘stu&ents' decisions to enroll in mathematics, including
poéitive attituzie's toward mathema;:‘:'tcs St'ereqtyping o;f‘ mathematiqs,'per,- .
ceived utility of mathematics, agd influence of significant ;thers. - . .
There has béen some research on attitudes. Minority students have
been found to liké mathematics, to find it interesting, to have little
mathematics anxiety, and to-waht to take more mathematics (Anick, Carpenter
’ w & Smith, 1981; Matthews, 1980; Nelson,” 1978). These findings may seem

. - N

surprising given the low achievement scores of many. of these students.

On the other hand, they should:be encouraging because they imply that.

te
W
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minority youth generally have a good self-concept and mdy not immediately
become discouraged by a poor performance.

There is conflicting ev1dence about whether or not minority students
stereotype mathematics as a male domain (Matthews, 1980; Ranc1fer, 1978)
Further, it has been suggested that minority students may hotd rac1al
stereotypes; that is,. they may perceive mathematics to be a white domain
(Hall, 1981; Kenschaft, 1981). ’ |

The perceived utility of mathematics has been studied also. Minority

students are less likely to understand how mathematics will be useful to
them for their future jobs or post-secondary schooling (Lantz & Smith, 1981;
Matthews, 1980). They also do not seem to understand how mathematics is

used everyday and tend to think of mathematics. as something one only does

with a pencil and paper in the classroom.

Students appear to-be influenced by significant others. Teachers and -
.counselors have strong positive effects on students' attitudes towatd mathe-
matics. Minority students have indicated that they like a teacher\whe will
work with them, give them extra help, explain things carefully, and
encourage them in their studies (Fernandez et al., 1975; Kirk, 1975;
Matthews, 1980; Treisman, 1982). Early trackingkof minority students into
vocational or remedial programs is a continuing problem, and counselors
are particularly potent influences on fifth and sixth graders when they
makeé decisions about course selection fo; the jun;or high or middle ’
school years (Creswell & Houstdn, 1980; Lantz & Smith, 1981). Many

B ‘minority parents want to see their children do well in mathematics. Often, =

however, these parents do not know how to help their children, either with
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homework or with decisions about future educational plans (e.g.,.MatEhews,

~
o

1980). . _ . ]

School Influence _ . 5

>

There are a few school related variables that. have beer identified as

having an effect on students participation in and learning of mathematics:,
i 3

climate, organization, racial composition, and personnel. Much of this .
evidence, however, ;g not gmpiriqal, but qualitative.

Climate. Jackson (1982) found'that school climate va}iables sucﬂ
as discipline and gtgsgdance have an effect on black students' mathematics

>

achievement. In schools in which tliere were attendance or discipline : .
problems, the bla;k students‘were more likely to have lower mathematics
achievement scores. ’ ‘ |

Orggnization. There is some evidence to suggest t;at the organization
of the school may have an effect on black students' performance in mathe-
matics. In those schools in which more advanced courses are being offered,

_a small percentage of black students have been found to be enrolled " ' .
(e.g., Jackson, 1982{‘Marrétt,;l98}). Minority women scientists reported
that the sequence and p;erequisites for the mathematics ;ourses as well

n as their placemeht in curriculum and the class size, affected their
decisions to continue>to enrO%; (#all, 1981; Malcom, Hall & Brown, 1976).

- : F
. That is, a small class size, a placement in a morxe advanced track, and an .

early start on fulfilling the prerequisites for the more advanced classes

- were found to be important factors in the minority women scientists'

>

education.

' ~ Resources. Discussions of the resources of the schools have been

.
4




.
-~

-

‘s

-~

included in .most of the studies.
\ .

however, and inferences have been drawn that predominantly m1nor1ty sehools

These, descriptions ate often very brief,

usually have poor facllltles and few materials available. Overcrowdlng,.
and use of: trallers or other temporary classroom buildings, outdated

materials, lack gf audio-visual and,other supplemental materials are among
the problems c1ted‘%Malcom, Hall & Brown, 1976 "Matthews, 1980) .

Racial composition. There' is somé evidence to suggest that the racial .

’

composition o% the school may be related to other school variables as well

¥

as to student outcomes. Both Marrett (l981) and Jackson (1982) found that o

the larger the- black student populatlon, the more llkely lower level ° -

~

mathematics’ courses will be offered and the ‘more likely black students will

/ .
be enrolled in those lower level classes. The inverse has’ been found to

. be true also. The greater the whitegstudent population of the school the

“this area.

more likely, the school offers the more advanced mathematics courses and
* I

) ~ A

the more likely Lhe white students will be enrolled in these’clagses.
. . L
4 R PR -
Again, through the reflections of the minority women scientists, the racial .

LY

composition of the faculty seeéms to have an affect on student's attitudes .

and aspirations (Hall, 1981; Kenschaft, 1981). More often than not, the

o . .
women scientists cited black teachers,'couselors, or administrators who

were inspirational and infldential in these women's decisions to continue

: ) v
in a mathematics or science related career.

“Although each researcher discussed the importance of
. k4
looking at school personnel, there has been little research conducted in

Personnel.

In one study'of student-teacher interactions at the preschool ' ,
¢

level, that black students were observed more likely to be asked nonmath

1981).

related questiong (McNamee, Katz & Bowman,

Matthews ¢(1980) found -




. - 18

w

that black students preferred a mathematics Leacher who would give them a

)

second chance to pass the‘fest, who would stay and work with them after,

.

school, and who would follow the textbook page by page. ;

LRIC
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K ‘ IV. RECOMMENDATIONS

Future Research

-~

There are a few assumptions that have been operating throughout these

studies. The first assumption is that sunare i's homogeneous performance
M 3

within racial groups. It has been-assumed that all students within a

~ B

‘ . racial group are alike, and researchérs have been less likely to consider

differences in geographic location and socio-economic status, as well as .

~

other background characteristics that might affect. the profilé of minority )
y . - .

]

students. . Not only are there difficulties in uging gross classifications s
within a racial group, there are also problems when gross ciagsifications

are used in multi-racial comparisons. Just as pooling across racial groups B}
ma; obscure important within group differences, pooling gcross ethnic: |
group::’ may mask important between group differences.

.

A second assumption is that since all underrepresented groups share

~ »

similar goals, they can be studied similarly. For example, a very fine
model has béen\developed éo study women and mathematics (Meece, Parsons,
Kaczala, Goff & Futterman, 1982). Severél researchers have applied this
model to studies of "minori;ies and mathematics." Moreover, we sometimes
find the same instrumernts .used to measure sex-relatéd diffe;ence; in

mathematics also used to measure race~-related differences. Given the

language and cultural differences among racial groups and their effects
on mathematics learning (e.g., Cuevas, 1982), it may be that these. models

and instruﬂ‘rts will have to be revised or new ones developed. l
. |
\

A thirJ’assumption is that (a) -there exists consistency in what is

S learned in a mathematics class, at a courge-specific level; ,(b) this know-
- ) r )
27
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ledge can be measured objectivély; and (c) comparisons can then be ‘made
across schools and across the nation. Those of us who have §pent-time in

a poor, predominantly miyority school know what those students are :and are
not learning in mathema;ics. Just as the women-and-mathematics researcﬂeré

have found that looking solely at test scores sheds little light on under-

=

standiqg why there are differences, those engaged in research on minorities
and mathematics must learn .also. Researcheré must spend more time in the
classrooms if they hope to unéerstand the processes of learning.

In the majority of the studies reviewed, the researchers .collected
cross-sectional data. Apparently, there is an assumption that students ho
not change over time, either in achievement or in attitudes. As suggested
by Bloom (19803, both .achievement and attitude are alterable variables that
not ouly can be changed but in fact do change. Although researchers are
likely to take repeated measures of achievement, measures of attitude are
typically collected only once. Since the primary purpose oé resea;ch on
minorities and mathematics is, br certainly should be, to improve learning
as well as to encourage participation, it becomes imperative that there
be accurate measures of cﬂanges. -

Rarely have minorities been involved as researchers in studies of
minorities. Those\ﬁhat have known problems from within can bring to the
issues sensitivity that others may lack. The importance of including
minority researchers is pazaméunt. I would hope that through joint ventutes,
findings from the studies will more likely affect policy as it, in twurn,

.

affects the groups the researchers represent.

Based on these assumptions, a few recommendations for future research

k4

endeavors are offered.

\ f)ég
b~

'\
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1. Given that there are differences within racial and ethnic

-~ . N
o

groups, more Small case studies’ of minority mathematics

R

students should be conducted.’
2. Studles should include both quantitative and qualitative
analyses.
3. Instruments used in the studies should be culturally validated.
4. Data should be collected at repeated intervals. . \
5. Minority researchers should be encouraged to engage in research

on minorities and mathematics.

Prevention and Intervention

Most of the current programs are targeted for minority students in the
sixth.grade through the college level. There appears to be little emph351s
on the early grades. With few exceptions, the studies reviewed were at
junior high school level and above. It is as though we do not begin to
look for ways to fill the cup until the cup is half empty ‘Because mathe-
matics is a sequential subject, we need to, begin to channel our energies
into providing a firm foundation for minority students at the elementary
level. The next years of the minoritylstudents'\formal training could then
oe spent adding to what is already there, rather than remediating what is
not.

This shift in perspective, although somewhat simplistic, has subtle
but important implications for our mathematics programs. It nould first’
necessitate a change of attitude by school personnel. And as we have seen °
in our efforts to provide equal access and oppoctunity for females to learn

and to study mathematics, a positive change in the attitude of teachers,
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counselo}s and principles can.influence the cutcomes of students (Fox, 1980).

o

. There are a number of intervention programs operating throughout the
country, most of them at the secondary l;Gel.Q For exam?le,mthe Natibgal
Association of Pre-College Directors (NAPD) ig a n;twork of secondary
school programs which focuses on career ghoice and preparatioh in mathe-
matics, science, and engineering.2 The Ford Foundation (1981) has launched
4 major national effort '"to improve minority students' performagce inlmathe—,
matics and to help mathematics teachers improve the quality of their
instruction" (p. 9). Involved in this effort are participants from .
community colleges, rcedominantly black universities, public school dis-
tricts, a New England érep school, an Ivy League college, a state university,
and the American Association for the Advéncemeng of Science. (There are
several other minority programs; more information can be obtained ?rom the -

" Minorities and Mathematics Network).3~ .

-

Despite the iﬁcrease of special programs, few good systematic evalua-

-

tion studies have been conducted. A notable exception'is the Professional

Development Program (PDP) Mathematics/Science Workshop at the University

of California, Berkeley. Tréisman,(l982) has followed all of the black
students since 1973 and all of the Chicano students since 1976 who enrolled

. g
in the one-year three-course calculus sequence. These data are particu-

.

larly impressive because they include both the calculus grades and SAT

-

scores, and because comparisons are made for mineri an. nonminority
students with workshop and nonworkshop experiences. His findings are
exciting and encouraging. First, they re-emphasize the need to examine

—

more closely school structural variables. Schools can and do make a

difference for minority programs, and this difference can be a positive
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4
one. Second, Treisman found that SAT scores may not necessarily be the
best predictor of success (in this case, completion of calculus sequence

.

with average or above grades), if the student participates in a .sound

inter.2ntion program.

‘- There are a number of studies and programs currently being conducted -

.

throughout’the country. We can anticipate that a numper of recommend%tions
will "emerge from this work. Nevertheless, there are a few rgcommendations
that can be offereg now. |
. 1. Take advantage of the minority students' positive attitﬁdes

and natural enthusiasm for life, and encourage theﬁ to |

explore and discover mathematics.

2. Include examples of minority role models in ﬁﬁe classroom,
Let students meét, or at least become aware of, minority
persons who are using a mathematics background on their jobs.

3. Minority students respond to hands-on activities. Be sure
to imclude mathematics exercises thaé require direct and
immediéte application of mathematics skills.

4. Begin talking to the students about how we use mathematics
everyday--at hoﬁe, on our job;, in school. ‘Encouragé these
students to plan at least to complete high school and to do
so in a.legitimate fashion (e.g., by taking advénced level
courses). :

5. Plan-education prbgrams for the pareﬁts. Tell them why

their children need mathematics and how paréntal support

can make a difference.
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6. Counselors, teachers, and the minority students should not
assume that most minority students will enroll in a voca-~

[} -

.o tional -education or tracked curriculum. Réalize these

students' potential to achieve and channel their talents

constructively.:

Conclusion

.
*

-

A number of variables have been identified as having an influence on
minority-gtudents' learning of and participatioﬁ in mathematics. These
variables are outl;ned in Table 3. Few researchers‘could undertake a
study that included all of these va;iables, and, indeed, that is not a
recommendation. There are.a few areas that should be explored more exten-
sively. First, the influence of the schéol on minority students in mathe-
matics has been ;ve;lodked and yet seems to be a rich resource for Some
pos§ible answers. Studies of the school are particularlyxattractive
because many of the iﬁtervention and prevention programs takq place within
the'schoq} setting. And previous research suggests that changes
in structural school variables can have an important immediate impact on
minority students. »Second; we have little information on the importancex
of course-taking'histbry on minority students" leérning and participationy
and this should be studied.further. Finally,‘the influence of parents
(especially mothers) needs to be investigated. .

One of the greatest difficulties with the past research (and the
prevention or intervention programs sqbsequently deQelopedj ig tﬁe emphasié
on minority students who are unsuccessful in mathematics. Findings of

lack of performance or of no performanbe are just that-~findings. Any

&y ~
32




Parent, Student and School Influences that Affect
the Mathematics Performance and Participation of Minorities

TABLE 3

3
Parent

Student

School *

Ascribed characteristics
race, sex, age

Cognitive
past and present

education and occupation

Affective

* expectations and aspirations
for child; support for
mathematics performance

Cultural
communication style,
primary language spoken
at home

kséribed Characteristics
race, Sex, age

Cognitive
past and preseri mathematics

performance and enrollment

2
Affective.

achievement orientation,

locus of control, self-concept,
stereotyping, perceived utility,
influence of significant others

Cultural
cognitive learning style,
language proficiency

Climate -
discipline, attendance

Organizatioﬁ

course offerings, sequence

and pre-requisites, curriculdm

placement, class size
Resources -
facil{ties, materials

Personnel ‘
ascribed characteristics,
professionalism, instructional
methods, attitudes and per-
ceptions, student interactions

G
o
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inference drawn or conclusions made about under what circumstances minority

A

students might perform successfully should be considered tentative at best

_and are probably inappropriate. Should a researcher, conclude that a cogni-

tive ability or affective attribute is lacking because of either péor per-
formance o£ no performancey he or she does so unyisely.‘:

Cole*and Means (1981) recommend that, .in cross-cultural research,'the
two céLses of poor performance should be explicitly separated. Poor per-
formance may be because the subject canno% do the task (he has not "got
the process") or becausé the subject does not do the task (he is not "using
the processh). We who are engaged in research on minérities and mathematics

>

should first determine why the minority student pefformed poorly on a

S

measure before we make conclusions and ofier recommendations. )
When conducting research on minorities and mathematics, it is'eéually "
important to think about participation as it is to think about performancg.
A number of researchers have studied why minérity students do not enroll
in advanced level mathematics courses, but few héve focused on the factors
influenciné the decisions of minorities to continue their mathematics .
education. In -those studies of performance differences, the majorigy of
studies were generally descriptive and only confirmed what we already know:
Minority students are.consistently sco;ing‘below the national norms on
standardized mathematics tests. thed in studies of enrollment, we find
similar descriptive reports. There are a few studies in whidﬁ either
successful students were selected for study (e.g., Kirk, 1975; Matthews,
1980), or comparisons were made between successful and unsuccessful students

.

(e.g., Jackson, L982; Treisman, 1982). We need to have more studies such

as these.
I)« P
v dJ
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In the beginning of this paper, I ‘suggested that we doc not understand

why there are racial discrepancies in mathematics. But we must understand.
I believe that we can learn from res?arch'on minorities and mathematiéé.

I believe that we can lea;n‘why there are differences. I believe that we
can learn under what circumstances there are no differences. And I believe

that we can learn how to decrease diffefences where they‘do'exist. It is

.

time to color the equation of mathematics.. My challenge -to yoﬁ is to deter-

. [N

mine how to educate minorities in mathematics so that they might have equal-

‘
»

access and opportunity to learn.
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FOOTNOTES

lellowing Fennema's (1977) ‘suggestion, learning and achievement in
I'd » ES

mathematics are used interchangeably. "Both are indicated by a per-

formance which results from the interaction of. inherent and environ-
mental variables" (p. 2). Although Fennema recognizes the limitations
éf using measures of performance on a mathematics tést,‘she believes
that "it is an indication of how much learning has taken plaée.and

is an efficient predictor of future success in mathematics" (p. 3).

3

Fox (1980) uses the study of mathematics to refer '"principally to
enrollment in mathematics courséé, particularly advanced elective

courses at the high school level" (p. 12).

2The National Association of Pre-College Directors is located at Lawrence

Hall of Science, Room 105, University of California, Berkeley, CA 94720.

3The Minorities and Mathematics Network is a group of reéearchers,
practitionerg and administrators wﬁo share information about research
studies, special programs, and conferences. The Minorities and
Mathematics Network is 1oéated at Chicago Associates for Social Research, - N

.- 410 S. Michigan Avenue, Suite 525, Chicago, ILL 60605.
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