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Mapheﬁatics Education Reports

Mathematics Education Reports:are being &évelopéd to disseminate
information ccrcerning mathematics education documents analyzed at the

_'ERIC Clearinghouse for Sciénca, Mathematics, and Environmental Education., =

K

These. reports fall into thiee broad categories.. Research reviews

. summarize and analyze recznt research in specific areas of mathematics

o

.education. Resource guides identify'and-analyzé materials and references
for use by mathgmatics teachers af all levels. 4Specia1'bi lingraphies
aﬁnounce the ayailability of aOcumenfslénd feview the liferatﬁré in
selected-intefest areaé of méthematics education., Reports ’a éach

of these categories may élso be targéted'fof specifi;'gdb—popuiations

of the matheﬁéticsﬂeducatipn community._:Prioritiesnfof the davélopment

of future Mathematics Education Reports are established by the advisory

b

_board of the Clearinghouse, in cooperation with thé National Counéil of
Teachers of Maghematics, the Speciai?Interest Group fbriResearch in
Mathematics Education, the Céﬁferencé Board df the Mathematical §Ciencés,
and other professiqpal groups in mathematics education. Tndividual
comments on past Reports and suggestibns for future Reports are always:

welcomed(by the associate director.
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'National Institute of Education, U.S. Departmen: of Health, Education
and Welfare, Cc .cractors undertaking such projects under Government :
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and technical matters. Points of view or opinions do not, therefore,
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FOREWORD

The low rate of participation of girls and women in the study of
mathematics has become a national issde of great concern. Those con-
cerned are not just the traditional feminists who have raised many
questions about sex-role stereotypes, but include members of the tradi-
. tional education community .in such places as the National Institute of
'Education, Office of Education and various schools and professional’
associations across the nation. The National Council of Teackers of
Yathematics, through its program committee for its 56th Annual Meeting
held in San Diego, California, 12-15 April 1978, provided a forum for
the discussion of many of the questions associated with the task of
increasing the number of girls and women who pu*"ue mathematical studies
or mathematics-related careers.

+

The sessions in the strand on Women and Mathematics at the San Diego
meeting were very well attended. The papers presented at these.sessions
" form the core of this monograph. Two commentaries have also been pre-
pared which synthesize the material presented at the San Diego meeting
and offer addit10nal suggestions for action. This collection is a wvehicle -
for sharing the best thinking available on the problem of changing the
rate of participation of girls and women in the study and use of mathe-—
matics with those who did not attend the NCTM meeting

Many individuals have contributed to the development of this mono- .
gitaph. Louis Cohen, who chaired the program committee for. the San Diego
meeting, was instrumental in placing the Women and Mathematics strand on
the program. Jen Higgins of the ERIC/SMEAC Clearinghouse encouraged and
supported the preparation of this monograph. Jonathan Crook of George
Mason University. prov1ded valuable assistance in the preparation of the
bibliography. However, this publication would not have been pcasible
without the cooperation of the individuals who prepared these papers.
Their willingness to share these through this .monograph is greatly appre--
ciated. . In this way the discussion of and progress towards the solution
of the issues connoted by the phrase Women and Mathematics can continue.

B Judith E. Jacobs
George Mason University
Fairfax, Virginia
July 1978 .
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PREFACE

At the 56th Annual Meeting.of the National Council of Teachers of
. Mathematics in San Diego, there was a palpable air of:excitement surround-
ing one of the topic strands. This program strand was organized around
issues concerning the mathematics learning of girls and young women. The
gsection meetings were filled to overflowing : B

This was not the first instance in which NCIM had demonstrat d con-
cern for the urgent need to attack the very real problems recognized in
the mathematical education cf females. There had been sections devoted

. to these topics at NCTM meetings for several years and program booklets

from both the 54th and 55th Annual Meetings show increasing numbers of
such sections. But there had not been the focus, the emphasis, the con-
tinuity and concentration made. possible by the t0pic strand at the San

‘Diego meeting

We are at a, stage where we now know a great deal. about the reality '

““of the problem statistically. No objective person who reads the enroll-

ment figures for high school mathematics classes. can 'fail 'to appreciate

_ that extremely powerful societal factors ‘operate to . discourage girls ‘from

continuing?in mathematics study And ‘there is no doubt that the failure
to go beyond one or two years of mathematics in high 'school closes many,

‘many doors. in both employment and continuing academic progress.

»0On: the positive. side, we can say that we are making strides.‘ More
and more programs provide models for successful attack upon some of the

‘barriers, research provides increasing useful data, sexism ‘i being

eliminated gradudlly from the textbooks and most important, increasing .
attention is being paid to the-fact that there is a problem. In short, .

the overt manifestations of sexism in mathematics education are be:ng

attacked and gradually overcome.

But perhaps the most serious influences,_those subtle messdges tb)t

"society conveys ‘in myriad, difficult-to-pinpoint ways, repreésent the area

in which we in education must concentrate our greatest:- efforts. The
attitudes and condltioning related to the individual femal e's role and
the pérceived need and appropriateness of mathematical Study to that
role, are developed early and are the result of innumerable interrelated

-experiences, "both in school and out: 'Thus the critical chararter of the
" elementary school and middle or junior high school experlences, ;

influsnce vf.reachers counselors and ‘parents becomas apparent.= fim

Professional educators must, in my view, make hoth individual and
organizational commitments to the ‘formidable task of assuring truly equal
opportunity for girks and young women to-achieve in mathematics.. This
entails the elimination of psychological as well as institutioual

~bartiers. The commitmniernits must—be” deliberate“and—sp°c1fic——supnorted

by systematic and adequately financed programs, . It is in.the interests
of both simple justice and practical economic procuctivity to dc so.

‘. o I ‘ B Shirley H111l, President
. Naticnal Couhcil cf Teachers
of Mithematics 1978



‘ot SEX-RELATED DIFFERENCES IN MATHEMATICS
ACHIEVEMENT: WHERE AND™WHY?*

Elizabeth Fennema ' @

Mathematics educators have used sex as a variable in research con-
cerned with mathematics achievement for a number of years and many
, ‘ summaries of mathematics achievement have been published which include
' Information about comparative learning of mathematics by L{emsles and
males. Basically, all reviews published before 1974 concludesi. that
while there'might'nat be a sex~related difference in mathematics
achievement in young children, male superiority was always evident by
the time learners reached wpper elémentary or junior high school. 'In
- . addition, males were definitely superior wor higher level cognitive ]
' tagks.  E.g., "The ewidence would suggest to %i:e teacher. that boys will
achieve highet than, girls on tests dealing with mathematical reasoning'
(Glennon and Callahan, 1568, p. 50). “frrm junior high school and
'heyond . « o DOYS ROW SUrpass girls in studies. involving science and
mathematics™ (Suydam & Riedesel, 1269, p. 129), '"Sex differences in
mathematical abilities are of course, present at the kJndergarten level
and undoubtedly earlier™ (Aiken, 1971, p. 203). . .

o

-

The"literature revier published siniw, 1974 do nov show the same
consensus about male smpeéiority that was evident previously. In a 1974
review which eyhthes ;ized/information from. .36 ‘studies, the conclusion was
ghat there were no sex-related differences in elementary school child-

en's mathemstics achieﬁement and little evidence that such differences
exist in high srhool learners: Hewever, there was some indication that
males excelled in higher level cognitive tasks and females in lower level

. ‘cognitive tasks (Fennema, 1¥74)., Callahan and Glennon (l975) agreed with @& - |

this conclusion while Magcoby and Jacklin (1974) in a highly quoted T
- review disagreed. They stated that one "sex difference that [1is] fairly
‘well estzblished . . . is that boys excel in mathematical study" (pp.

351-352). From these reéviews it is. evident that.currently there is not

consensus: on whether sex—related difrerences in mathematics achievement
exists.

i . . .'-‘, . Y ,
i : : \

PN

P The question of whether or nct there are sex—related differences in
e -mathematics is more complicated than it first appears. Whlle there is
- mo doubt that many more males than females are involved in post high school

mathematics study and in adult occupations that involve mathematics, what
has been unclear is. whether this unequal representation of females and .

¢ " males in post high school in the study and use of mathematics is due to,

' females' less adequate 1earning of wmathematics or to deliberate choice by

4 . females not to study mathematics. Both of these issues will be addressed
: here. :

_ \
) ‘

! ‘

*Portions of the manuscript ware prepared under a grant from the National
T Institute of Education. _ . . |

. o ’ ' . | . -
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Sex~Related Differences in Mathematics Achievement .

°

In order to clarify the reality of sex—related differences in mathe-.
”r‘;matics achievement, four major studies of sex-related differences in
) mathematics achievement will be specifically noted: Project Talent, the
. National Longitudinal Study of Mathematical Abilities (NLSMA), the’
National Assessment of Educational Progress (NAEP), and the Fennema-
Sherman studies. 'In addition, some studies from other cultures will be
briefly reviewed as well as the Stanley study of mathematically preco-
cious youth and scores on college entrance examinations.

Data for Project Talent were gathered about 1960 (Flanagan et al.,
1964). ‘This study assessed the mathematics achievement (among many other
things).of a random sampling of high school students in the United States
(n 440, 000). 'The data indicated that in grade 9 sex-related differences
in mathematics achievement were negligible but by 12th .grade males tended
to do better. The mean difference at the 12th grade,.while statistically
significant, appears .to have little'edncational significance (approxi-
mately one item). No attempt was made to control the number of mathe-
matics courses subjects had taken: preViously Higher percentages of

“males undoubtedly had taken more mathematics courses and males were more
apt to say they were preparing for a career which needed mathematics.
‘Undoubtedly a population of males with. more mathematical background was
being compared with a population of females. with less mathematical back-
ground. :

o

s

In 1975 a follow up to the 1960 Project Talent study was done, °‘Data
were collected from approximately 1800 students in grades 9-11 in seven-
teen of the original schools (Flanagan, 1976). After careful statistical
checks on reliability of the comparisons and adjustments for any change
in school SES the following were concluded: (See Table 1). 1) While

_the mathematics test scores were fairly stable .from 1960 to 1975, the
differences between females and males had been reduced; 2) On computa-
.tion tasks, male scores had declined 17 percent and female scores 11
percent with the female mean score being 8.2 points higher than the male

- mean score; 3) Quantifative reasoning scores declined-8 percent for each
sex with females’ ‘scoring .6 of an item lower in 1975. It is difficult,

. after carefully examining these data from Project Talent, to conclude’ that
males' mathematics achievement was much higher than that of females in
1960 or 1q75 :

Support for the belief that females do not ‘achieve as well .as males
in mathematics could come from the NLSMA data which were gathered during
1962-67. In these multitudinous studies, sex was used as a control -
variable. Analyses were done 1ndependently by sex whenever significant
sex by any other variable interactioh was found. Unfortunately, the i
results from these studies have been inadequately reported and _interpreted
making the knowledge they could contribute to the area under consideration
largely unavailable; However, a4 summary statement says: 'Differences

. favoring gitrls were for variables-at the comprehension level (the lowest
cognitive level tested) and the differences favoring the boys were for

. variables at the application ‘and analysis Ievel" (Wilson, 1972, p. 94).

F

;2;v~




. | 'Table 1
’ " PROJECT TALENT*

R Comparisens of 1960 and 1975 Mathematics Resuite

o=

MALES - e RPN V117 1 S—

| ~ 10th Grade o 10th Grade
Raw Score . .  Percentile Coe Percentile
| , 1960 1975  Difference 1960 1975  Difference
Quantitative Reasoping - 8.5 7.8 -8 B0 2 -8
Mathemsties 105 107 42 %9 103 43
Computation CBg BT - 0.8 269 1%

*Abetracted from: Flanagarn, 1. C. Changes in school levels of achievement' Project TALENT
10 and 15 year retests, Educational Researcher, 1976, 5(8) 9-12,

v
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The directors of this federally—flnanced program abrogated their respon—
sibility to females when they followed the above remarks with this
statement: MInterptetation and comment on this pattern will be left to
persons involved in the women's liberation movement'’’(Wilson, 1972, p.
95)." The number of mathematics courses which had been taken previously
by the subjects in the NLSMA studies was ‘controlled so the conclusion
reached undoubtedly was,statistically valid in 1967. What is-unknown is
the size of the differences between the mean female and male performance
scores and the educational s}gnificance of that difference. :

Results from the 197Z-73 mathematics data collection of the National
Assessment of Educational Progress (NAEP) have received much publicity
and one sentence has been widely quoted: "In the mathematics assessment,
the advantage displayed by males, particularly at older ages can only be
described as overwhelming" (Mullis, 1975, p. 7). Inspection of these
data (Table 2) confirms that males did outperform females at ages 17 and

'26-35. However, at ages 9 and 13 differences were minimal and sometimes

in favor of females. The problem of comparable populatlons is '‘a concern

here also. The population was selected by sophisticated random sampllng’,f:

techniques with no control for educational<or mathematical background. )
.Since males have traditionally studied mathematics more years than have
females, once again a population of males with more background in mathe—
matics was being compared with a population of females with less. back—

- ground in mathematics. -At ages 9 and 13 when the educatlonal and

mathematical background was similar, the achievement of both sexes was
also similar, o Ny b :

- -The Fennema-Sherman Study, data for which were.- -éollected in 1975- 76,
investigated mathematics achievement in grades 6- 12 (Fenhema and Sherman,
1977; Sherman and Fennema, 1977; Fennema and Sherman 1978). This
ﬁatlonal Science Foundation sponsored studyflnvestlgated a variety of
levels of mathematics learning as well as’ cognitive and affective varia-
bles hypothesized to be related "to dlfferentlal mathematics: achievement
- by females and males. The results. of this study have wide generaliza- -
bility because of.the d1verse, carefully selected sample. In grades 9- -12
(n = 1233) with 'subjects whose’ ‘mathematics backgrounds were carefully
controlled, significant differences in achievement in favor of males
(approx1mately two items) were found in two of four schools. In grades’
6-8 (n 1330) significant differences were’fodnd in favor of females in
a low cognitive level mathematical task, in one-of four tested school:
areas -In another of the four school areas, significant differences were
found in favor of males in a high cognitive level mathematlcal task.

One'otEEE)measﬁre of mathematics achievement_ should be noted, the
differentia, evident between the sexes on the SAT (Scﬁolastic Aptitude

"Test), a ¢ollege entrance examination. Normally administered to high

-

school seniors, it has a Verbal Component and a Mathematics Component.
According to the publishers of the test, the mathematics required is

that which is taught in grades 1-9. Women have, over a period of years,
scored j(lower than-men on this test.” However, a’ look at some ‘trends is
interesting. "In 1960 the mathematical component means were 465. for
women, 520 for men. Twelve years later the ‘average for women was vir-.

‘tually unchanged, but the average for men had dropped by 14 points (to



" 506)" (Wirtz, 1977, p. 16). Although the Advisory Panel appointed to
review the SAT score declines (Wirtz, 1977) concludes that one reason
the scores declined from 1962-1970 was that more women were taking the
test the data do not confirm that women's scores dropped. .

&

I 0nee~again hS&EGer, conclusions about male superiority are being
drawn from populations which have studied different amounts of mathe-
matics. Even‘though the mathematics required for the SAT may be tapght
before disparity in enrollment between the sexes 1s evident, continued

use of such mathematics in advanced high school classes undoubtedly aids
one in solving items of the type included in the SAT. . . .

A different perspective on sex-related differences in mathematics .
- achievement is noted if one examines performances of highly precocious
males and females. In the Stanley Study of Mathematically/Precocious '
.+ Youth, many males outperformed any female.. E,g., in the 1973 talent
° "~ search junior high school youth who had scored above the 98th percentile.
' on.previously given subtests of standardized achievement tests were asked
to volunteer to be tested on: a college entrance examination. Eeven per-
"cent of ‘the boys scored higher ‘than any girl and the boys mean score
was significantly higher than the girls' mean score (Fox, l976)

In summary what can be concluded about sex—related differences in
mathematics learning in,the United States in- 1978 is: 1) There are no sex-
related differences evident in elementary school years. This is at all
cognitive levels from computation to problem solving. ' This conclusion
has .been accepted. for a number of years. f2l'Afterkelementary *school
years, differences do not always appear. 3) Starting at about the 7th
grade, if differences appear, they tend to be in the males' favor,
particularly on tasks involving higher'level cognitive skills. 4) There

- 1s some evidence that sex-relatec differences in mathematics learning in
high st¢hools may not be as large in 1978 as they were in previous years.
5) Conclusions reached about male superiority have often been gathered
from old studies or studies in which the number of mathematics courses
taken was not controlled. Therefore, a better mathematically educated
group. of males was being compared to a group of females who had partici- -
pated in less mathematics education. 1In reality, what was being.compared
were not females and males but students who had studied mathematics 1-3 .
years in high school with students who had studied mathematics 2-4 years
in high school. ‘ ) : ' :
' An examination of cross cultural differences in mathematics perfor—'g
‘mance 1is interesting In Australia, female superiority on problem ,
solving and computation tasks in grades 5-8 1is reported while males are . _
v_reported to have performedfht high levels in  space tasks (Clements and &
ywafanawaha, 1977); However, Keeves (1973) reports that male superiority
over females in mathematics achievement was found within all ten coun-
tries which participated in the First International Study of Educational

. .

Achievement. . - .
‘a . . : N '




Table 2

| - Median Difference in Perfornance Between Males and Nation and Females
it _ c+ .o and Nation on Mathenatics Content Areast .

'

s g 3w pms
- . o | ,

. N - Numbers and Numeration

< M - Measurement - ' | .
G - Geometry . L ‘ B s o @
V - Variables and Relationships - L
. P - Probability and Statistics ) FEMALES o '

C - Consumer Math

| .*National Mean - o | _ .

**Mullis, I.V,S, Educational achievement and 8ex discrimination. Denver, Colorado: National
Assessment of Educat:ional -Progress, 1975, -
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Sex-related Differences in the Study of Mathematics

There are sex-related differences in the studying of mathematics.

This is indicated by females choosing not to enroll in mathematics -
courses inm high school and by the paucity of females in university

mathematics courses. Undoubtedly, the most serious problem facing.
those concerned with equity in mathematical education for the sexes
is ensuring that females continue their study of mathematics. In

‘support of this statement consider some data from Wisconsin. During .

the 1975~76 academic year, while approximately the same number of
females and males were enrolled. in Algebra, in the advanced courses
many more males were enrolled’ (see -Table 3) ’

Although only symptomatic of the effects of many variables, elect-

-ing not to study mathematics in high school beyond minimal or college

requirements is the cause of many females' nonparticipation-in mathe-
matics-related occupations. The one variable which can be positively
identified as causing sex~related differences in mathematics learning
is the differential number of years females and males spend formally

studying and using mathematics. Such a simplistic explanation of such
an important problem seems too good to be true. However, this author

believes strongly that if the amount of time spent learning mathematics .

is somehow equated for females and males, educationally significant
sex~related differences in mathematics performance will disappear.

A N N



Table 3c

Number of Males and Females Enrolled in Wisconsin

in Mathematics Courses

Course - | Males | i ~ Females
Algebra® | | 41,404 I i1,579
Geometry | | 20,937 20,280
Algebra I - 11,581 K 9,047
fEre—Calculqa X - | 3,3 ‘,‘ o S 1,917
-Trigonometfy o - | 4,004 3 | '.. 2,737"'
Analytic Geowetry ~ . L7 . ° 970
Probability/Statistice - i 1,113 o | o 581
Computer Mathematics - - f,'3;396 , o ”1,481

Calculus | | L ﬁ 611 | ) . | 262

gDate obtained from Wisconsin Department .of Public Instruction Enrollment Statistics, 1975-76,

xb ) : . . . . ‘
StudentS'enrolled in"onewyear course and two-year course.

Konsin M A, Enrollment in Wisconsin high school ‘mathematics claeses by sex durlng 1975~ 76
Unpublished manuscript, University of Wisconsin—Madison, 1977 '

AN



Ralated Factors

While it is interesting to know about comparative mathematics achieve-
ment of females and males, it is more important to gain understanding of
why so many males leave educational institutions knowing a great deal
more mathematics than females know. . In order to gain this understanding
selected cognitive, affective and educational variables will be discussed.

N

Cognitive Variables

"Mathematics is essentially cognitive in nature, and the principal
, distinguishing goals or objectives of mathematics instruction areﬁ(and
-should be) cognitive ones" (Weaver, 1971, p. 263). Since mathematics is
a cognitive endeavor, the logical place to begin to, look for. explanatory
variables of sex—related ‘differences in mathematics performance is in the
cognitive area. It is within this area that the most important variable-
can be found; i €., the amount of time spent studying mathematics. This
. variable and its 1mpact have already been discussed

Y
-

Spatial Visualization

Another cognitive variable that may help explain sex-related differ—~
ences in mathematics is spatial visualization—a particular subset of
spatial skills. Spatial visualization involves visual imagery of’ objects,
movement by the objects themselves or change in their properties. In
other words, objects or their properties must be  manipulated in one's
"mind's eye''—or mentally. Even though the existence of many»sex—related
differences is currently being challenged, the evidence is still persua-
sive that in the American culture male superiority on tasks that require
spatigl visualization is evident beginning during adolescence (Fennema,
1975: Maccoby and Jacklin, 1974) However, even this difference appears’
to be moderating. ' ' : .

The relationship between mathematics and spatial V1sualization is
logically evident. In mathematical terms spatial visualization requires
that objects be (mentally) rotated, reflected and/or translated. These

- are important ideas in geometry. In fact, James and James (1968) in
defining geometry as "the science that treats of the shape and size of
things . . . the study of invariant properties of given. elements under
specified groups of transformation" (p. 162) are describingiaccurately
most. conditions which are met by items on spatial visualization tests.

‘Many mathematicians believe that all of mathematical thought involves
geometrical ideas. .The total discipline of mathematics can be defined as
. the language for describing those aspects of the world which cam be stated.
- 1in terms of "configurations" (Bronowski, 1947). Meserve (1973) believes
that each person who. makes extensive use of all areas of mathematics
uses the modes of thought of geometry at every turn and that ."even the
most abstract geometrical thinking must retain some link, however atten-
~uated, with spatial intuition" (p. 249). In the Russian literature,
mathematics and spatial. abilities are’ regarded as 1nseparable (Kabanova—

-Qa .

) - . ‘ o
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Meller, 1970). Therefore, if spatial visualization items are geometri-
cal in character and if mathematical thought involves geometrical ideas,
spatial visualization and muathematics are inseparably intertwined.

Not only are spatial ‘visualization activities similar to ideas
within the structure of mathematics, but spatial representations are
being increasingly included in the teaching of mathematics. E.g., the
Piagetian conservation tasks, which are becoming a 'part of many pre-

. _8chool programs involve focu51ng on cecrrect spatlal attributes before

quantity, length, and volume are conserved. Most concrete and pictorial
représentations of arithmetical, geometrical and algebraic ideas appear
to be leavily reliant on spatial attributes. The number line, which is
used extensively to represent whole numbers and operations on them, is a,

“uspatial representation., Commutativity of multiplication illustrated by

turning an array 90 degrees, involves a direct. spatial v1suallzatlon RN
skill, Many other examples could be c1ted ST o : S

Although the relatlon between thewcontent of mathematlcs and spatlal \

-~visualization skills appears logical, results from empirical studies which

have explored the relationship are-not consistent. Many factor ‘analytic
studies have explored this relationship and several authors have reviewed
the literature. Some investigators have def1n1tely concluded that
spatial skills and learning of mathematics—are not related.. In 1967,

Very concluded: 'Research.on spatial-“ability has failed to produce any
significant correlation of (thé spatial factor) with any facet of mathe--
matics performance” (p. 172). " Fruchter (1954) stated that "spatial
ability is unrelated to academlc per formance Wlth the possible exception
of a few very specialized courses .such as engineering draw1ng” (p. 2)
Smith (1964) concluded that although

, \

....there are several Studles whlch 1nd1cate con51stently that
spatial ablllty is important in tests whlch are genuinely
mathematical as distinct from those which involve purely mech-
anical or computational processes . .o the question whether
the mathematical ability is dependent on the visual factor (or

factofs) has not been definitely answered (pp. 127, 64)

Even in geometry where one would expect to flnd the strongest rela-
tionship, empirical findings do not’ indicate clearly that: the two &1
related, Lim concluded in 1963 after a thorough review of reievant
literature that-'the ‘evidence for a relatlonshlp between geometric ability
and Spatlal visualization was inconsistent and unreliable. Werdelin
(1971) was not willing to conclude definitely that spatial visualization
ablllty and geometry ability Were' ‘related. However, he felt that "there
is strong pedagogical reason to believe in a connectlon between the
abillty to visualize and geometrlc ablllty" (p.. 39) -

Other authors feel that data .indicate a. positive relatlonshlp. In
1951, Guilford, Green and Christensen concluded that spatial visualiza-
tion ability helped in solving mathematics problems. French (1951, 1955) -
showed that successful achievement in mathematics depends to some eXtent

_on use of spatial visualization skills. In a more recent review, Aiken

(1973) concluded that spatlal—perceptual ablllty was one of . the‘"most

-10-



A=

. years old. Sex differences in performance on spatial visualizgtion

[ 4
salient'" matliematic:'l factors extracted in various investigations.,

"Obviously, the relationship between learning in mathematics and spatial

ability is not clear .and the meed for more data is great.

Even less is known about the. effect that differential spatial’
visualization has on the mathematics learning of females and males.
Indication that the relationship between the learning of mathematics

- and spatial visualization is an important consideration, is the con-

current development of sex-related differences in favor of males in’ ¥
mathematics achievement and spatial visualization skills, No signifi-
cant sex differences. in either mathematics achievement or spatial
visualization skills have been consistently reported in subjects 4-8

tasks become more pronounced between upper elementary years and the
last year of high school (Maccoby and Jacklin, 1974). ° Sex differences

An mathenmatical achis svement that do exist also appear during this time

span (Fennema, 1974). Perhaps less adequate spatial visualization
skills may partially explain sex—related differences in achievement
in mathematics

However the Fennema—Sherman study specifically investigated the

- relationship between mathematics ‘achievement and spatial visualization

skills. These data do not support the.idea that spatial visualization

.is helpful in explaining sex-related differences in.mathematics

achievement. In this study of females and males (grzdes 6-12) enrolled ~

. in mathematics courses, few sex-related differences in either mathematics

achievement or spatial visuallzatlon skills were found. The two ‘were
related. (r = .5)- similarly for both sexes and spatial visualization

- appeared to. lnfluence both females and males equally to continue study—
ing mathematics .

’ Affective Variables

1975)

The Confidence—AnXiety Dimension in Mathematics..--One tends.to do

.those things one feels confident to do and to avoid activities whic¢h

arouse anxiety.- This confidence—anx1ety dimension, as it relates to:

" mathematics learning, is one of "the -more important affective variables

that, helps explain sex-related differences in mathematics learming.

The relationship of anxiety and mathematics learning has been explored
by a variety of methodologies and with instrumentst purported to measure -
debilitative or facilitative anxiety in general and/or specific to mathe-
matics. Callahan and Glennon (1975) conclude that '"anxiety and mathe-
matics are related. In general, high anx1ety is associated with lower -
achievement in mathematics" (p. 82). Reports from NLSMA indicate that
across grades 4-10 decreases in facilitating anxiety appeared with

- females' scores decreasing more than males' scores. Debilitating

anxieties increased for females during these grade levels (Crosswhite

Confidence per se has not been. ‘given specific attention as it . -
relates to mathematics except. in the Fenmnema-Sherman study. .However,

< self-concept, “which appears to be defined in many scales as self. confi-

derice, has received much study. Levitor (1975) and Primavera et al

L(1974) reviewed the literature dealing with self-concept and both

!

S ¥



- .
. . . -

conéluded that a positive relationship exists between academic achieve-
mzat and self esteem. Brookover and Thomas (1964) offer evidence that
gelf. concept is not generalizable but related ‘to specific academic
areas. Callahan and Glennon conclude that there is a positive relation-
. ship between self-esieem and achievement in mathematics, Others have
also recognized the importance of academic self concept in 1earning
mathematics (Bachman, 1970 Fink, 1969).

Although both confidence and anxiety have been defined as separate-
traits, it appears in relation to mathematics, they are vexry similar.
In the.Fennema-Sherman study an attempt was made to measure both confi-
deiice and ankiety.' A high rating on the confidence scale correlated
~highly (r = .89) with'a low rating on the dnxiety scale. While it may
" be possible to talk about - the two independentJy, i‘ dor“u t appear to -

be useful

The literature strongly supports the fact that there are sex-relatced
. differences in the confidence—anxieLv'uﬁmensvrnu It appears reasonable
to _believe that lesser confidenmce, or greater anxietv on the part of
females is- -an important- variable which helps explain sex-related differ-
ences in mathematics studying. Crandail ot al. (1962) concluded that
girls- underestimate” ‘their own ability to solve mathematical problems.
Others have coricluded that™ females feel inadequate when faced with a
. variety cof intellective, problem—solv1ns activities (Kagan 1964)
 Maccoby and Jacklin (1973) reported that 'girls tend to underestimate
v their own intellectual abilities more than boys-do'. (p. 41).
. \
. In the Fennema—Sherman study, at Jeach grade 1eve1 from 6 12, boys- N
‘were significantly more confident in their abilities to.deal. with mathe- T
matics than were girls. In most instances this happened .when there were '
no significant sex-related differances in mathematics achievement. 1In
addition, confidence. in learning mathematics and achievement were more -
highly correlated than any otner)affective variable and achievement
(r = .40). : Confidence was aimost as highly related to achievement as e
were 'the cognitive variables¢3fverba1 ability and spatial visualization.

Stereotyping Mathematics as a Male Domain. It is commonly accepted
that mathematics is stereotyped as an activity more appropriate for males
than for females. It has been believed that the sex typing of mathematics
as male starts in the elementary school, .becomes stronger during adoles- ‘
cent years and is solidified as a maie domain by adult years. However,
Stein and Smithells (1969) and Stein (1971) provide evidence that mathe-

- matics is not ccnsidered masculine by females and males until adolescent
years and even during these’ years is not ranked as highly’ ‘masculine as
are spatial, mechanical.and athletic tasks. . Eobbe (1971) found that with -,
fourth and sixth grade subjects, arithmetichwas judged to be feminine by
girls whil ° boys Jutwed it to be appropriate "for both sexes.: In the
~adult world, it is'a fact that the use and creation of mathematics is .
predominanrly .a male domain. Stein and Smithells (1969) offered evidence
that in 12th grade, females perceived this fact and were responding to
the reality. - S . .
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The Fennema-Sherman study indicated ‘that females ir grades 6-i2 deny
that mathematics is a male domain.. While the males in the study did not
strongly stereotype mathematics as a- male domain, at each’grade they
stereotyped ii at significantly higher levels than did females. This
is an interesting and highly significant finding. The cross sex influ-
ence on all aspects of behavior is strong during adolescent years. Since
males stereotype mathematics as a male domain, ‘they undoubtedly communi-
cate this belief in many subtle and not so subtle ways to females which
influences Zemales willingness to study mathematics. This has. strong

implications for the development of 1ntervent10n programs designed to +

_increase. females' part1c1pat10n rp mathematlcs.

Usefulness of Mathematics, A d1fferent k1nd of affect1ve variable
is belief in the personal usefulness of mathematics. Hilton and Bergllnd
(1974) and the Fennema-Sherman study provided, data indicating that females
_to a lesser degree than males believe that. mathemat:cs is personally use-
ful. However,.the difference-.between female and male beliefs about the
usefulness of mathematics was not as great in. the Fennema—Sherman study
.as it was in the 'Hilton-Bergllind study. This may indicate that the Y
, beliefs of females are becom1ng more similar. to males in -this - aspect

< . ~

Effectance Motivation in Mathematics. One variable,'which has'been
hypothesized to show a sex-related difference,, is effectance motivation.
This’ mot1ve can be "inferred specifically from behavior that shows a last-
ting formallzatlon and that has characterlstlcs of exploration and exper—
imentation" (White, 1959, p. 323). It is closely related to problem-
solving activity and is often called 1ntr1ns1c motivation. . This.motiva- -
tion would encourage. learners to- part1c1pate in ‘mathematical activities
‘at high cognitive levels. Some helieve that females are not so involved
in problem-solving activities z 're males (Carey, 1958; Kagan,c1964)
However, the Fennema-Sherman stu found no sex—relatedkdlfference in
this variahle at any grade level from 6-12. It appears that belief
that . females are not as 1ntrins1cally mot1vated as males in mathematics

N is merely a myth, . a :
! : . G4
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There- are sex-related d1fferences in the final outcome of mathe-

matical educatlon due in large part to females reluctance—if not
refusal—to elect“to study mathematics.: Some intervention is essential
at the present time ‘t0 ensure equity in mathematlcal education for both
sexes, However, before\effectlve intervention can be planned more
information is needed about critical school varlables which are amenable
to change 'and 1mportant in the educatlonal process. P

»

. Teachers. Teachers are the most important educational 1nfluence on
" students' learning of mathematlcs.“\From kindergarten to hlgh school
learners spend thousands of hours in d1rect contact. with teachers.
While other educational agents may have. influence on educational deci-
sions, it is the day-by-day contact wlth teachers which is the main
influence of the formal educational 'institution. . Part of the teachers'
influence is:in the learners' development of sek\role standards. These
sex role standards 1nclude def1n1tlons of acceptable achievement in the

B H . ™~
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various subject areas. It is believed that this influence by teachers
is exerted through differential treatment of the sexes as well as expec—
tations of sex—related differences in achievement. .

Schonborn (1975) concluded-that'many studies have indicated teachers
. treat female and male students differently. 1In general, males appear to
be more salient in the teachérs' frame of reference. Teachers' inter-
action with males is greater than it is with females in botl blame and
" praise contacts. Teachers also reinforce in both females and males
‘sexually stereotypic behavior deemed appropriate for their sex (Sears
,and Feldman, 1966). Brophy, Good and their colleagues have been the
major investigators of teacher treatment of females and males with their
‘main interest being teachers' treatment of males. In’ several studies
they have concluded that girls and boys receive equal treatment. However,
the data from one of their major studies shows that while the sex, of the
teacher was unimportant, high-achieving high school boys received signi— :
ficantly more attention in mathematics class than any other group (¢ N
Sikes and Brophy, 1973). Another study involving first grade. readiﬁgtw
replicated this trend at nonsignificant levels (Good and Brophy, 1971).
Their conclusion from these studies is that teacher bias was not evident
Mne mist question why no corclusion was reached about inequitahle treat—
ment of high—achieving females. o

. The investigation of the relationship between teacher behavior. and
sex-related difference in mathematics appears to be crucial -to understand-
ing why females do not participate at higher levels in mathematics. In -
particular information in these areas would be helpful: ' 1) What are the
effects of differential teacher treatment and expectations on- achievement
and electdion .of mathematics course$? 2) Do teachers differentially rein-
force males and females for specific kinds of mathematical and/or S
..gexually stereotypic activities? -Are males being reinforced more for
problem-solving activities while females are reinforced for computational
activities? 3) What is the effect of sex of teacher on mathematical
achievement of, boys and girls? While O'Brien (1975) =2ports mno sex of
. teacher effect Good, Sikes and’Brophy (1973) and Shinedling and Pedersen ..
+:+(1970) "report that male students do best in quantitative scores when
taught by male teachers.' . ' .

.

‘School Organization. There is some evidence and much belief that
schools do influence sexual stereotypes. Minuchin (1971) cencluded that
_ children ‘who attended schools categorized as:traditional or modern e
differed in their sex—typed reactions. The interaction of the sexes
" was different in those schools, also. In the most traditional school
boys-became leaders in problem solving while girls became followers.

" This was not so in the le. : traditional schools. ‘The sex role behavior
_of children attending- traditional schools was more rigid than children
attending liberal schools. . : . : :

i 1

)

o

--Some schools are. remarkably more effective in persuading females to
attempt high achievement in mathematics. Casserly (1975) identified 13
high schools which had an unusually high percentage of females in )
_advanced placement mathematics and science classeg. She concluded that
the schools had identified these girls as early as fourth grade and the
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school teachers and peers were supportiVe of high- achievement by the
females. Rowell (1971) pursued the same type of investigation in
attempting to identify schools and their characteristics which pro-
" duced high-achieving females in science. Studies ident1fy1ng and
.describing those schools which are particularly successful in encourag-
" ing females to enroll in mathématics beyond minimal requirements should
Jbe done. - 2
: -3
Many are advocating that female- only classes will result in equity

in mathematical education. The argument for this type of school organ- . - ~
"ization goes something like this. Because peer pressure ‘against female
competitiveness 1s too strong a force, females will not compete against

males in mixed” sex” classrooms;**Female leadership (1n problem solving in
"this case) is only able to emerge when competition with males is elimin-

ated, Teachers will not have different sex-related expectations and

behaviors, if only one sex_ is present. Single sex claé%rooms .appear to

provide a simple solution to a complex problem. However, the weight of
" evidence found does not support this. type of grouping. Conway (1973).
convincingly argues that throughout history separate education for the: -

sexes has resulted in inferior education for females. .Keeves {1973)5

after a careful and thorough review of mathematics and science edutation
. 4n ten countries, concluded that the "extent to which a community provides .
‘for education in single sex schools would appear to indicate the extent to
which it sees its boys and girls requiring different preparatlon for

dif ferent. societal roles" (p. 62): He argues that "insofar as a community -
has different expectations for different groups of its members and -pro--

ceeds to mold its future members through different organizations, then it

fails to provide equal opportunities for individual development" .(p. 52).

In an ‘unreported study comparing attitudes of 10th grade females who had

spent most of their educational -lives in single or mixed sex classrooms,
females from the mixed sex classrooms exhibited 51gn1f1cantly more pos1— N
tive attitudes toward mathematics (Fennema—Meyer, 1976).;

. Before 51ngle sex classrdoms are embraced as a panacea for feiales'
educational equity, careful examination must be done concerning long-

term effectiveness of such programs. In'reality, this may be a partially™
- non-researchable problem. . No one can foresee-the implications for females
50 years from the present time of being isolated in their mathematical
training. Because of what has -happened to females as well asblacks over

the last century, single sex classroom school organization must be '
approached with caution. ; : ) T ’

t
3 '

"
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Conclusions -
What then, can be 'said that is known about sex-related differences

in mathematics, and- factors related to such differences? Certainly,

when both females and males study the same amount of mathematics, differ-

- ences in learning mathematics are minimal and perhaps decreasing. Many

- fewer females elect to study mathematics ‘and therein lies the problem. .

Factors which appear to contribute to this nonelection are females'

‘lesser confidence in learning mathematics and belief that mathematics :

18 not useful to them and males' belief that mathemdtics is a male domain, =

In addition, differential teacher treatmentw:fmales'and females is bmportant._

nav ‘ . 'V . _15_
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There is nothing inherent (Sherman, l976) which keeps -females from ~
learning mathematics at the same level as do males. Intervention prog-
rams can and must be designed and implemented within schools which will
increase females' participation in mathematics. Such programs must
include male students, female students and their teachers. Only when
such intervention programs become effective can.true equity in mathe—
matics education be accomplished.
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~ ARE MATHEMAIICS PROBLEMS}A PROBLEM'FOR WOMEN AND GIRLS?

. Ann K. Schonberger

International Women's Year in 1975 focused attention on improving
‘the status of women. In this country, women's demands ‘for equality have
led to identification of a number of target areas in which women's roles
have been limited in the past: primary among these are the economic and
intellectual activities of the nation. Educators in general and mathe-

© " matics educators in particular are now beginning to address themselves to

‘broadening and improving the economic and intellectual position of women.

In, the economic, sphere men far outnumber women in occupations requ1r—~
ing a high level of mathematical competence. Various causes for this
imbalance have been hypothesized: sex bias in career counseling, dis-
crimination in admission to specialized schools, and differences in
sex-role socialization. 1In addition, differences in mathematical ability
are often suggested as reasons (Carnegie Commission, 1973). Some have
said that while girls may be better at computation, boys excel at mathe-
mat#t¢al reasoning (Glennon and Callahan, 1968; Jarvis, 1964; Maccoby,
1966). If this is true, mathematical reason1ng could be the "ecritical
filter" (Sells, 1973) in the.scientifi¢ and technical job markKet, since
. in those occupations the application of mathematics to problems is valued .

more highly than computing skill. Furthermore, not all economic activity
is job related. " As women become more independent in buying and maintain—
.ing homeo, cars, and other products, they need to be able to solve mathe-
matics problems of a practical nature. The traditional female duties of
providing food and clothing continue to pose mathematical problems to be
solved . S . - . s

In the intellectual sphere the importance of problem solving is not
to be underestimated. . To quote George Polya (1962, p. v.), "Solving
problems is the specif1c achievement of intelligence and intelligence is
‘the specific gift of mankind [sic]: solving problems can be regarded as .
the most characteristically human activity." ‘Furthermore, solving mathe-
matics problems has been regarded as the essence of human problem 'solving;
psychologists often use mathematics problems in their generdl problem
solving research (Berry, 1958, 1959; Carey, 19553 Milton, 1957,  1958;
Simon and Newell, 1971; Sweeney, 1953). Mathematics educators themselves
stress ‘the value of teaching problem solving,

JOur instruction’ serves to develop the capacity of the human mind
for the observation, selection, generalization, abstraction, and
construction of models for use in solving problems- in other dis—

- elplines. « Unless the study of mathematics can operate to clarify
-and solve human problems, it has indeed only narrow value.

' Fehr, 1974, p- 27

Paper'presented at the annual meeting of the National Council of
Teachers of Mathematics, San Diego, April, 1978. .
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Having recognized the importance of being ‘able to solve mathematical
problems one should return to this question: Is it true that males excel
at mathematical problem solving? Before examining the research literature
on that question, it would be well .to adopt a prec1se definition of a N
mathematical problem. . e

A mathematical problem is a statement which meets three conditions:

1) the statement presents information and an obJective based °
on that informatlon-

- 2) the objective or answer can be found by translation of the
a. information into mathematical terms and/or applicatlon of
' rules from mathematical areas such as arithmetic, algebra,
logic, reasouning, geometry, number theory or topology; and

‘3) . the individual attempting to ‘answer the quéstion or attain
the objective does not possess a memorized answer or an
immediate procedure. - . . .

Zalewsﬁi, l974,'pp. 4-5 St

-

The third part of the definition serves to set real problems apart from
routine applications or exercises. To qualify for inclusion in.this
review a study must have used test items intended by their designers _
to measure mathematical behavior other than computation and items wh1ch
seemed to this author to satisfy the def1n1tion. :

-A second question guided the organization of this review. If males
~ as a group are better-at solving mathematical problems than females, when

" =~ does this superiority develop? In order to investigate that question the

studies were grouped as follows: elémentary; Grades 7 and 83 Grades 9 .

through 12; college and aduct In fact, since most mathematics tests for

primary grades are computational the elementary studies reported are from

Grades- 4 through 6. Whenever possible two additional refinements of'the

original question were investigated. Do the results depend:on whether the

content of the problems is algebra, geometry, or real-life situations?

Are the results different for different abllity groups7

Several of the ‘studies which contributed most to this section of the
review' are longitudinal and a word needs to be, said about their methodol-
ogy. One is the National Longitudinal Study of Mathematical Abilities
(NLSMA), probably the most intensive and extensive study in this area.
Three different groups weré tested: one in Grades & through 8, another

' in Grades 7 through ‘11, and the third in Grades 10 through 12. A content’
" (number systems, geometry, algebra) by level of behavior (computation,
comprehension, application, analysis) matrix was used to categorize the
mathematics scales. Both application and analysis scales were included
in this review,; although the definition of analysis items seems closer
‘to the definition of .a mathematical problem., The ‘'study, designed to
compare certain- textbook series, involved primarily college- capable
students. Another factor which should be considered in evaluating the.
results is that the sex-related differences reported were those remalning
.after removal of the varianée due to verbal IQ, nonverbal IQ, and mathe- -~
matics achievement, A second longitudinal study (Milton and Bergliud,
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1974), whose results are revieWed here, measured the same students in
Grades 5, 7, 9, and 11 using the Sequential Test of Educational Progress-
Mathematics (STEP~Math) which the authors regarded as a measure of the

_ ability to.apply skills to problem solving. The sample was divided into

an academic group and a nonacademic group according to what program- they
"eventually pursued in high school, and results were analyzed separately
by group.

-

o In the NLSMA study of Grades 4 through 6 boys excelled on two out

of three applications scales, both concerned with number systems, and
on the only analysis scale, a geometry scale (Carry and Weaver, 1969).
Hilton and Bergllind found no significant differences in either f£1fth—
‘grade group on STEP-Math, In a study using fifth- grade subjects Harris

" and Harris (1973) found no sex-related differences on either of the two
cognitive abilities tests containing mathematical problems. Similarly-
no differences between boys' and girls' performances on an arithmetic
reasoning test were found by Parsley, Powell, 0'Connor, and Deutsch
(1963). A second study (1964) by those authors 1ndicated better perform-

N

ance by males on 12 subgroups and by females in 7 subgroups out of a total

of 75 comparisons. 1In a study of sixthegrade students Jarvis (1964)

' found that boys of all ability levels surpassed girls in ar1thmet1c
reasoning. Clearly, although some differences have begun to appear in
upper elementary school, the results are mixed.

Sex—related differences were more apparent im the studies Yeviewed
using seventh- and eighth-grade students. Hllton and Bergliind . reported
a difference in favor of boys. on STEP-Math in the academic group. The
NLSMA also gave.STEP-Math to one group_in seventh grade, categorizing it
as an application test, and found boys' performance to be' superior
(McLeod and Kilpatrick, 1969). Sex-related differences in favor of boys
were also found Qf all but one .of the analysis scales and on the one

I

v

application sca designed by NLSMA (Carry 1970; McLeod and Kllpatrlck
.1969). The content of the scales on which differences were found was -
number systems and geometry; the scale on which none were foind was an’
algebra scale. In a study of problem-solving ‘'styles in high-ability,
eighth-grade subjects Kilpatrick (1967) found that although scores for
boys and girls were about the same, girls used significantly more deduc-
tion and more equations. In the National Assessment of Educational
Progress.(NAEP) consumer math skills were "measured by a test of problems
given to lB—year-olds 17-year-olds, and young adults’ages 26 to 35. In

the yolingest group: the boys' median was 1-1/2 percent above the median: ./

of the total group and the girls' median was 1-1/2 percent below (Ahmann,
- 1975). : RS

- With the exception of the NAEP all the studies discussed in this’

' gection in which sex-related differences were observed were.conducted

with students of above-average ability. There is another indication
that- overall superiority of boys in mathematical problem: solving in
.Grades 7 and 8 may be due to superior per formance of boys of high .
ability.. In a study of mathematical precocity” Stanley, Keating, and

.- Fox (1974). found that in a sample of seventh- and eighth-grade - students

who volunteered for screening with the Scholastic Aptitude Test-

Mathematics (SAT-M) boys' far outperformed girls and the discrepancies

increased with age. These results “ought to be tempered by the observa-
» tions or Donlon (1973) who studied the sex-related differences in

& -
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-spatial abilities (Bennett,JSeashore and Wesman, 197

7

\

performance item by ftem on both -the verhalzand mathematical sections of’
the SAT given in May 1964. Of the 60 items”on ‘the SAT-M, 17 were. found

" to refer to real world things. There were no female agents.in.these 17

items and, according to Donlon, there seemed to be a masculine tenor to
the items, This was also the type:of item on. which the sex—related '
difference in performance in ‘favor of males was the greatest,

Surveying the studies of high school students required additional

' caution because required mathematics courses are more-often trackéd and

mathematics becomes elective in the upper grades. Good examples - -of this
lack of control for number or type of mathematics courses taken are the
Project Talent Survey (Flanagan, et al., 1964) dand the NAEP (Ahmann,
1975) both of which fOund sex-related differences in favor of males.
In all the-other high “school studies reviewed here the students were in
the same’ mathematics class or. track when tested o :

" T
Information on sex—related differences in the NLSMA were reported

only for the college-preparatory group. At the: applications level boys

in Grades 9 through 11 excelled girls on 5 out of 12 geometry scales and

the one algebra scale. At the analysis level their performance was

‘superior on half the algebra ‘and number systems scales: on the geometry

analysis scales boys excelled on 6 of the 8 and girls.on 2. (Kilpatrick
and McLeod, 1971a, l97lb MclLeod and- Kilpatrick J1971; Wilson, 1972a,

»

/ .

The impression of overwhelming ev1dence of male superiority on NLSMA
mathematical problems solving tests should be tempered by limitations of
the study due to sampling, ,statistical analysis, and. problem content of
the tests. The sampling restriction to- upper-ability students was more: -
severe in the high school data than in the' junior high data. The statis-
tical removal of variance due to veérbal and non-verbal IQ and mathematics
achievement may have left only a -small fraction of the variance. Appli-
cation of the w2 statistic (Hayes, 1973) to three of the .analysis scales
given in Gra&e 11 showed that on each less than 1 pgrcent of the variance -
was due to sek. With respect to problem content, s x-related - -differences
in performance on the analysis- scales appeared most numerous in the area
of geometry, which may be related to the reported le advantage on
Maccoly and
Jacklin, 1974). One of the tWwo geometry scales on which" girls)excelled
was' Structure of ‘Proof, ‘Wwhich’ appeared to require verbal rather than
spatial skills. Finally, the content ‘of the number systems problems for
Grades 4 through 11 should be considered Among these were all the
problems about people. In.virtually all cases in which-sex of a person
was specified, the person was male. S

Y
-

Evidence of -the importance of sampling, statistical analysis, and-

_problem content was found in other high school studies. Differences
-dependent on sampling of ability levels, were evident in the Hilton and

Bergliind study where boys from the academic group scored significantly
higher than-girls in Grades 9 and’ 11, whereas in the’ nonacademic group
boys scored higher than girls only in eleventh grade. "Statistical tech- -
niques -were used by Sheehan (1968), in a study of problem solving. in
ninth—grade algebra to change a slight (but nonsignificant) advantage

of girls into a significant difference in favor of boys by removal of
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" . the variance due to algebra aptitude and previous mathematics achievement
and knowledge of algebra. In his high-ability, Swedish, high school -
students Werdelin (1961) found sex-related differences limited to two
tests of geometrical problems The -importance of problem content was

" also demonstrated by Leder's (1974) study using mathematically parallel
- ~pairs of problems with stereotypically male and femzle settings.. Tenth
-~ - —grade -boys -and-girls -both-preferred-the--problems. appropriate to_their..
B traditional sex-roles..

Table 1

Sex—Related Differences in Analzsis Scales o . \
‘National Longitudinal Study of Mathematical Abilities

Grade - _Number'Systems-¢ | Geometry - Algebra{'
- __[fotal] Boys?@]| GirlsD | Total | Boys.|Girls | Total |Boys | Girls
. . )
5. 1 1 0
6
7 2 2 {0
‘ 8 3 | 3 4 | o
9 ' 11 1 “ 0
10 | 4 2
1 {2 {1 | o0 2 0. 2 |1 0

aNumber of scales on which bo s' performance .was significantly better.

4

bNumber of scales on which:girls'performance was significantly better. .

Studies of college students and adults are even more open to criticism
for lack of control for previous-exposure to mathematics. Very's (1967)
study and the NAEP, both of which found males to be better problem solvers,
. can be criticized on this point. However, there is a significant group of
interrelated studies of problem solving in college students in which
previous mathematics training was controlled. After Sweeney's 1953 study -
in which’ sex—related differences in addition to those due to ‘intellectual
factors were found, the others investigated. various other noncognitive
- gources of the difference. Carey (1955) found attitude toward problem-
»8olving to be a significant factor in males "better performance on the
. problem test. Moreover, following a .treatment designec¢ to improve attitude,
. - women's problem-solving. performance improved significantly, whereas men's
’ did not. Milton (1957, 1958) and Berry (1958, 1959) investigated the
relationship between the Terman-Miles masculinity—femininlty index and
mathématics problems similar to those used by Sweeney and Carey. 'In only
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‘one of the four studies was the correlation significant after the removal ’

of the effects due to verbal and .quantitative. factors. In the 1959 study

.Berry used a number of other noncognitive measures and found that the only

ones contributing to the remaining problem solving variance .were two .tests .

of spatial ability and Carey's attitude test—and this only for males.
Milton also investigated the effects of problem content and found men

superior at. solving "masculine" but not, "feminine" problems.

,, A Table 2. . -~ -
Sex—Related Differences in Applications Scales
National Longitudinal’ Study of Mathematical Abilities

Grade */ Number Systems ' Geometry‘- . ;'Algebra
¢ . |Totall] iBoys® [ Girls®| Total | Boys | Girls | Total | Boys | Girls
— 1 - : —
4 1 | o.] o | |
"5 SE T R R )
6 1 1 oi ) '
7. 1 1 0 .
8 1 1] o
9 : - | ' Lo
0 | 1 e e o 1|1 oo
o .

‘aNumber of scales on which boys' performancewassignificantly better.

bNumber of scales on which girls'performanceWassignificantly better,

All of the studies reported thus far were done before 1975 and, with

‘the exception of the college studies just described, were designed to -

study other areas besides sex~related d1fferences in problem solving.
Summarizing them is difficult. The sex-related differences may have been
small but they did seem to exist, even after controlling for mathematics
background. Differences appeared in early. adolescerice and may have
increased with age until maturity. . The pre-1975 studies indicate that

. .sex~-related differences may be found only with subJects of above-average
. ability and on problems whose content is spatial or sex-biased. Differ-
.ences on sex-biased problems suggest that social pressures: prevent females -
_from solving problems as successfully as males. Since 1975 research has

been done on problem solving that either concentrated on the areas identi-
fied above or at least.showed an awareness of the issues involved. with
using sex.as a variable. S s : ‘

- Sex bias in item content of problem solving tests is the area in .
which results of recent studies have been most definitive.. There are’
several ways of assessing such bias and eliminating ft.. Faggen-Steckler,
McCarthy, and Tittle (1974) developed a technique for measuring sex bias

)
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dn tests based on the ‘ratio of male nouns and pronouns. They calculated
the ratios two ways—both including and excluding such generic nouns as
chairman, mailman and mankind. Using this procedure they examined eight
standardized achievement test batteries among those most frequently used
in 'public schools; among these batteries were' the Sequential Tests of
Educational Progress on which sex-related. differences had been observed
in the NLSMA and the Hilton-Berglind study. discussed earlier. ~All eight-
batteries were sex biased in favor of males.in varying. degrees.l,It
should be noted, however, that in this study entire test batteries were
evaluated, not the mathematics tes '~ in particular.

Another technique for trying to eliminate .sex bias in problem-

solving tests is to treat each item as a unit. A study of seventh-grade

" students by the.author (Schonberger 1976) used a test constructed using -

the following. technique. Whenever poss1b1e the problem was made neuter.

For example, "Six girls belong to a basketball team" became.''Six students
belong to a basketball team.' Where. this was not possible, names and
pronouns were changed so that there were equal numbers of male~acted and

_female-acted problems in each.subtest. There were no significant sex-
related differences between.girls' and boys' performances on two of the
three subtests or on the total test, The better performance by males on
the third subtest was due primarily to one item which 1nvolved comparing
shooting averages in a ball.game, a task which may have been . more .
familiar to boys than to girls. This one difference in favor’ of males was
not more pronounced in the: -upper ability group. )

The Romberg—Wearne Problem Solving Test (Wearne, 1976) which has con-

cepts, applications, and problem solving subtests and has been used in
several recent studies was also balanced by equating numbers of male—-
centered and .female-centered items. Meyer (1976) used this test in a
study of cognitive abilities and problem solving. abilities of fourth—

-grade students; -she found no significant sex-related d1fferences.
Fennema and Sherman also used the Romberg-Wearne test in their middle-
school study (1978) ‘and found sex—related differences in only one of the
four areas ‘of the city used in the study. In summary, those'recent .
studies of children in Grades 4 through 8 suggest that when'an effort -

- 18 made to eliminate sex bias from the tests, fewer sex-related differ-

" ences appear. . o ‘ o
" The elementary and middle school studies just reviewed focused:
primarily on the actors in the problems as a source of sex bias. How-
ever, the author's study showed that the content of items may ‘also be
a source of bias if the topic, such as sports, is more interesting or
familiar to one sex than the other. . McCarthy's (1976), . study of problem
solving using students in Grades 10 through 12 dealt with this aspect
of bias. A group of students categorized each of a large battery of
_problems similar to those  used on thé SAT-M as masculine, feminine, or

v neutral. Another group of students were then tested with 26 of each
‘type of Ytem. Using a technique common in test construction, McCarthy -
computed the point<biserial coefficient for each problem for the males, -
the females, and the total group to-identify .the 26 items which best
discriminated between high and low: scorers in each group.  Of the 26

- best discriminators for girls, 14 had been categorized as feminine
items, 2 as mascullnt, and lO as neutral; of the ‘boys best discriminators

IR
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11 vere masculine, 6 were feminine and 9 were neutral. . The distribution 3
for the total group best discriminators was close to that for the boys. -
10, masculine, 4 feminine and 12 neutral.. . :

Twelve items appeared in all three groups of best discriminators,
but performance by males and females differed significantly on the
three- tests. h :

-

Table 3

Comparison of Means in McCarthy's Study
(McCarthy, l976, P. 55)

-

Male ; ) Female

Means S.D. Means S.D;

Total Group Discriminators'gf 1790  5.38 - - 14.36  * 6,34
_ Male ¢rouvaiscriminators 16.02 5.56° . :12.93 5.64
Female Group Discriminators 13.98 5.20 15.61  6.49

Females did best on the female group discriminators and least well on
the male group discriminators. Male performance on female discriminators
was better than female: performance on male discriminators, and male per-
formance on male discriminators was bétter than female performance on
female discriminators, but the differences were certainly smaller than
-the male-female differences on the total group discriminators. This is

important because under common test construction procedures the total
group discriminators would have been used as the problem solving test.’

So far the discussion of recent studies has. focused on the sex of .
actors in the problem or on sex-role stereotyped interests such as sewing
and. cooking for females and business or sports\for males. These types of
problems were categorized as number systems problems by the MLSMA, which
" found them generally easier for boys as a.group than for girls., The
other type of problems on which males outperformed females in some of
the earlier. research was- geometry problems., Two questions have .guided
recent research in this area., . . N . _

'1.

2,

\, -
\

Do males still outperform femalés on mathematlcal\problems

with spatial or geometric content? : PN

If so, is the male advantage in problem solving related to

“male adVantage on tests of visual spatia] ability7

C ) -

The author's (1976) study investigated the. first question by constructing

a “problem solving test ‘with three types of problems. C ¢

A,

Problems in which the stimulus (presentation of the problem)-.

is partly pictorial or which require spatial or geometric_smmim
skills or. knowledge for solution.- .
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B. -Problems with a'completelyfverbal stimulus in which spatial:®
skills (such as visualizing the situation or drawing a
. diagram) may be useful but are not necessary for solution.

'

. C. . Problems which appear to have no spatial content.

In theﬂseventh—grade sample used in this study there wére no significant
sex-related differences in performance on Type A or Type B problems.
The significant difference in favor of males on the Type C problems was

" due to sex-bias of one item dealing with sports as discussed previously.

According to recent studies. by Meyer (l976) and by Fennema and
Sherman- (1978) as well as by the author, ‘superiority in problem solving
and spatial ability are not necessarily rélated. In Meyer's study of
fourth grade students there was a sex-related difference in favor of
males on the Space Relations test from the Primary Mental Abilities
vattery but no difference on the Romberg-Wearne Problem Solving Test.

~ In the Fennema-Sherman middle school study there were no significant

sex-related differences in the Space Relations Test of the Differential .
Aptdtude Test, even in the area of the city in which differences in favor

.of males had been found on the Romberg-Wearne test. In the author's

study five spatial tests were uséd including the DAT Space Relations
test and a form board test, the type used by Meyer. Only on the form
board ‘test did boys excel, and this test was the least closely. related

"to the problem’ solving measures of any of the five spatial tests. .The

question just asked about geometric problems and spatial ability -have

not been investigated with high school students in ,recent studies, Given
the NLSMA results and ‘similar findings by Donlon (l973) with respect to
the SAT-M, it seems that further research at the high school level would
be useful to see if females still perform less well on spatial or .
geometric problems - Cor

If such research does find that females perform less well on certain

‘types of questions, it raises important issues in the area of test con-

struction. As Donlon pointed.out, the male "advantage" of 40. points on
the SAT-M data he studied could grow to 60 points if only real life
subject matter items were used or diminish to about .20 points If only,

- algebra-type items'were used. If there are certain types of items on

which males do better than females, is it justifiable t6 eliminate them?
If there are certain types of items on which females do better, is it

- fair to. increase théir numbers? These are difficult questions to answer,

and are ultimately related to the. content validity of the test, While -
the author sees no difficulty in eliminat1ng sports problems dealing with
batting averages, the elimination of all spatial or geometric content
from a test of mathematical problems seems illegitimate. ' Whether -or not

different item formats weight test performance in favor of males or’

females should also be- investigated

_ McCarthy commented on another test construction igssue, the possible "
sex bias In the point-biserial technique for selecting. items from a pool
which best discriminate between high and low' scorers, - She argued that

 if theére ‘are more males than females among the high scorers and more
females than -males among the low scorers, then the point-biserial tech-

nique selects items on which males do better than females. -Indeed with
kg " . - - . : : L C

=29~ -

3



her ,data the best discriminators for the total groupuwere lO masculine,,

" & feminine and 12 neutral items. She experimented with different ways

of eliminating this bias such as selecting the nine best items in each
of the masculine and-feminine categories and the eight best neutral
items. She found the least difference in male and female performance
by using only neutral items but decided that the restriction in content
was unacceptable. _ C

While most educators. would agree that separate tests for males and
females are not feasible, the technique of balancing a test with equal
numbers of "masculine" and "feminine" items also can be questioned. Is

1t legitimate to perpetuate sex-role stereotypes by using problems in
"which girls cook, sew and lose weight while boys build, fish.and buy

cars? ~The author thinks not. -However, the following test construction
strategy offers a possible solution: As many items Should be made
neutral as possible without lowering the content validity of the test.
The remaining set of items should be balanced with respect to male and
‘female actors as well as with respect to stereotypically masculine” and
feminine content. ' However, there should be females with hammers and
saws as well ds males with pots and pans, and female cab drivers as well
as male teachers. o

b

Constructing sexually fair tests may not-'be sufficient to 811minate

‘all the sex-related differences in problem solving performance. There

were indications in the earlier research (Carey, 1955) that females'
attitudes toward problem solving were inhibiting their performance. ,Inf
a study by McMahon (McCarthy, 1976) students in Grades 6 and 10 and-

college freshmen were asked to predict théir own success on scrambled

word problems and ar1thmet1c ‘problems after being assured of their
familiarity with the problems.’ Although there were no differences in ‘
males' and females' expectations of success.on the word problems, females
at _all three ages significantly underpredlcted their success on the
arithmetic problems. : : :

. More recent research indicates that social expectations and'
pressures'are probably still affecting women's performance. In
Fennema's and Sherman's study the one area of the city in which males

‘outperformed females on' the problem solv1ng test was the one in which

sex-related differences were observed on six of - the eéight attitude
measures., Hall” (1976) studied high-ability high school students
solving problems 'in groups of four and offered th1s observation.
The constituency of a team ap¥eared to- affect its per-'
formance. For example, sexually mixed teams appeared to '
lose input from female members because of male dominance of
cOnversation or assignment of a female to the role of recorder .
: (secretary) '

i

SR “ Hall, 1976, P. 55

. Howaver, a more. positive note is that .such social pressure may not be
. uniform acrqss ethnic groups. Schratz’ (1976) observed a trend for
. white adolescence males to outperform white females  in:mathematical :

reasoning, but the trend was reversed for ‘black adolescents.~.

3
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In summary, the results of recent studies of sex-related differences

. in problem solving are both encouraging and useful. Efforts to eliminate

sex bilas in -tests has ellminated or reduced ‘the difference between male
and female performances. in, problem solving.. Although one study of

. .venth-grade students ind1cated that geometric or spatial content. was
no longer a stumbling block for females, studies of high school students
in this area would be useful. The remaining differences are probably

‘involved with social attitudes toward problem soning.as a male activity.
- It is in this area of -changing the attitudes of students of both sexes

that teachers will have to be most tactful, most 1nvent1ve ‘and.also most
reflective. The problem with problems has not disappeared entirely, but
the c¢hanges that have occurred suggest that further change 1s possible.

‘As mathematics educators we should commit ourselves to doing our part

to ‘enable womento participate’ fully in our mathematical society.
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WHY SUSIE CAN' T——OR DOESN T WANT TO—ADD

Grace M Burton

- Today, more than ever before, the study and apprecia-

tion of mathematics are vital.to the intellectual development

“and to the scientific, industrial, technological, and social
progress of society. It is essential that teachers, counse-
lors, supervisors, educational administrators, parents and.

‘the general public work together to provide the best mathema-
tics education possible-for all students, ‘regardless of sex... .

" NCTM Statement on Counseling, 1976

v Many' women i1 our present culture value mathematical
ignorance as if- it were a social grace.

Lynn‘Osen, Women’in Mathematics, 1974

"Add" in the title of this presentation is used in a generic sense— -
it includes the whole realm of mathematics—computational prowess, spa- .
. tial skill, and reasoning ability. There is little doubt that women are
at least the equals of men on measures of general intelllgence, and that -
in elementary school, girls perform at least as well as boys in all
subjects, including mathematics (Maccoby and Jacklin, 19743 Callahan

and Glennon, 1975). At the junior high level, there are about as many
girls-as boys in Algebra I classes. By the time senior year rolls

" around, the ratio of males to females in advanced mathematics courses’
.approaches 3 to I (Fennema and Sherman, 1976). Bata from Berkeley indi-
cates that while 57.'percent of the frishmen males had taken four years

of high school mathematics, only 8 percent of the females had (Sells,
1973).. By the third semester of college, the male/female ratio in
mathematics courSes is 6 to 1 (Fennema and Sherman, 1976). In 1975,
although a heartening 41 percent of the bachelor's degrees in mathema—
tics were awarded to women, female students earned only a meager 2,2
percent of the bachelor s‘degrees in eng1neer1ng (Westervelt 1975;
Eiden, 1976). 3 :

: |

The message that” Susie can't, or shouldn t, or doesn't need to,
" excel in mathematical endeavors is well—entrenched in American folklore
and in the reality of the classroom. Other .papers in this NCTM women
and mathematics strand have focused, on the research pertinent to this .
issue., I would like to approach the topic in a slightly different vein,
considering the ..ys in,which personal and social value structures
contribute to the genesis of this problem, then suggesting a framework
in which change can take place and finally delineating a set of action '
steps which have proven beneficial in school districts -and/or college
classrooms helping Susies become’ aware that achievement in mathema-
tics is a p per goal for any person, regardless of sex.

L] .
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When one sets out to solve any significant problem, three separate

components.of the solution must be considered. One must have knowledge

- of the problem and its ramifications, one must get in touch with his or

< her feelings about the issues under consideration, and one must act in’
such a way as to bring about a solution (see Figure 1). To engage in

—————research; to read research completed by others; to exchange ideas with
colleagues.and to formulate models, all these are important in estdblish-
ing a knowledge base; they contribute to the component labeled Thinking..

.

L

. - ' S Doing

Thinking | ' " Teéling .

o4

oo -* Fig. 1. Components for producing change.

To become aware of one's "gut level" reaction to a situation, to vent
one's anger or disgust, to form a firm resolve to do something about
a distressing situation, all these responses are important to the Feel-~
ing dimension. But neither of these essential considerations will bring
about change. Change is accomplished only by Doing. Library or labor—-
- atory investigations may be intriguing and sessions of "Poor me, I've
been: done ill by,".may be a pleasant way to pass the time, but if ‘the
,status quo is to be changed, a commitment to action and action itself,

is essential :

This does not imply that thinking and feeling about -a problem are.
not important. Both have a role to play in the change process.. A sim-
ple exercise can help clarify these dimensions, Draw a line vertically
on a long sheet of paper and head one columm "I think," the other "I
~feel," Then list in each’ column appropriate entries concerning the
situation under consideration. For example, in one colum you might
list what you know- about- why women do not do well in mathematics at the
post secondary level. 1In the other columm you. might write what you
feel about this issue. -

Q . i .- . . i ki\. . -?6; 43
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... (This instructive exercise can be dome in pairs also. Two people
can sit facing each other. One of them speaks for two minutes on what
- he or she Zeels about the subject; the othar listens., Then the pair
reverses roles. The procedure 1s répeated with each person in turn.
speaking on .what .each thinks about it,)

It is convenient, but misleading, to assume that simply presenting

objective, rational reasons for change will bring about a desired alter-

ation in behavior of an attitude. The presentation of information may
impact the cognitive domain, the "thinking"-part of a person; it
probably leaves, .untouched the affective d1mensions of a person, the
 "feeling" part. Separating these two areas, then, can provide an indi-
vidual with insight into why he or she behaves in certain ways. If

' change-1is-desired. in' the cognitive domain, information may help; 1if .
change is desired in the affective domain, it will probably not. "Gut

level” responses cannot be intelleéctualized away. Much of what has been:

traditionally accepted ‘as truth, however, has been a blend of fact and
feeling, or of opinion masquerading as fact. ‘

There is available an enormous range of pontification from a wide
variety of people concerning the suitability of intellectual endeavors
for females. Much of it confuses’what is known with what is felt. It
may be, interesting to examine the roots of our present socialization
patterns in the light of 'some pronouncements from the past- '

The education of women should. always be relative to that of
men., To please, to be useful to.us, to make us love and

_ esteem them, to educate us when young, to take care of us
when, grown up, to advise, to console us; to render our lives
easy and agreeable... Even if she possessed real abilities,
it would only debase her to display them,

A
'

J.J. Rousseau Emile, 1762

The gloxry of man is knowledge, but the glory of women is
to renounce knowledge.

Chinese Proverb

The woman 'is naturally made for two things: household and
‘domestic -tasks and the exercise of pure. Love and devotion...
- On the contrary, man has compartments, sectors, and pigeon
holes in his mind; he likes things to be separate and each

in its order. And although there are sublime exceptions,

he- 1s geared. for mathematics; for arrangement, for "the arts,
and sciences; he 1is as’ ill—at—ease at housekeeping as mysti—_.
cism. :

Uean-Guitton Feminine
Fulfillment 1965

When expressing yonr viewpoint use words that- indicate

insight such as "I feel." Avoid the words "I think," or .
"I knOW." ) . )
: - _Helen B. Andelin, Fascinating
- Womanhood, 1965 -
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Since women are deficient in reason but abundant in emotion,
they ought no longer to be treated as rational, nor receive
any mental education... Among women, we use language 1mply-
ing the utmost deference for_ their sex; and they fully.
believe that the Chief Circle Himself is not more devoutly
ddored by -us than they -are; but behind their backs they are

- both regarded and spoken ‘of - by all except the very young

| ==~ .as being little better than "mindless Organisms.ﬂ
- ": Edwin A Abbot Flatland ‘1884

Men have broad shoulders and narrow hips and accordingly
‘they- possess intelligence. Women, ought to stay at home;
' the way.they were created ind1cates this, for they have
' broad hips and wide fundament to s1t upon.

Martin Luther, -Table-Talk, 1569

When a woman inclines to learning there is usually something
wrong with her sex apparatus,

F.W. Nietzche, Beyond Good and -
Evil, 1886 ' —

\ P

.The sight of the female form tells‘us that woman is not
destined for great work, either intellectual or physical.
- (Woman is) g kind of intermediate.step between the child
and the man, who is a human being in the real sense.....
Women exist solely for the propagation of the race.

5 _ . 5 N - )

AN A ) Schopenhauer, "On Women," 1851

In the East, women religiously conceal that they have faces; -
in the West, that they have: legs. In both cases they make
. it evident that they have but little brain. -

—

Thoreau, Journal, 1852
A girl should not be too intelligent or too good or‘too

highly differentiated in any direction. Like a ready—made
.garment she should be designed to fit the average man.

Emily Jane Putnam, The.Lady, l9lO

The female s chromosones, hormones and physical structure
. make it natural for her to respond to follow and to submit,

Richard W. DeHann,.Male,\Female,
and Unisex"1977

Woman has "come down from the trees' more slowly than man

has.
Theo Lang, The Difference
Between a Man and a Woman, 1971




She told me it was a girl, and I turned my head away and
" wept, "All right," I said, "I'm glad it's a girl and I
hope she'll be a fool—that is the best thing a girl can :
be in this world, a beautiful little fool." - Wt
; . ‘ . e .
L Daisy in The Great Gatsby
(By F. Scott Fitzgerald), 1925

¢ >

There have long been those who ‘have asserted that men are’ supérior
to women in intellectual areas slmply because they were men; that is,
that maleness itself implied intellectual superiority, By many, the
two sexes were believed divinely determined to be as different with’
respect’ to psychological traits as they were to biological traits, The
lack of coeducation, coupled with the lack of standardized testing
procedures, hampered research on this question until the present century,

There are, of ‘course, some established differences in male and

- female development, Males mature more slowly from birth. onward, and,
‘in’fact, are more vulnerable to:environmental insult during the prenatal:

period and throughout life (Maccoby and Jacklin, 1974). While few
believe that mathematical ability is a province of the mdle sex, some
believe there may be biological réasons for male superiority in one facet

. of mathematical ability——that of spatial visualization, Spatial vi visuali—
- zation includes theé ability to rotate gbjects in .the mind and to orient*
oneself or other obiects in space, While these.abilities may be of
© importaneée in solving problems in certain areas of mathematics (geometry,

for example), there are many other areas’of mathematics in which they

“are not. Even in the former areas, lack of spatial ability is often

compensated for by verbal ability. Two people who solve a geometric

problem, for instance, may utilize different . strategies—one. abstracting ..

relationships through a visual mode, the other "talking the problem
through." ' | . ,

Currently thefe are three'biologicalfreasons advanced to explain
spatial ability differences between the sexes, One postulates the

.existence of a recessive gene on the x-chromosone which enhances

gpatial ability in about half the male and one quarter of the female
population, -A second biological argument asserts that the male .sex -
hormones play a role in enhancing spatial ability. A third theory
concerns brain lateralization. The data on which this theory is based °
is derived primarily from medical research on patients with brain

le ions and strokes and from‘animal research, 'Evidence is presented
that the right hemisphere, usually considered the site of spatial pro-
cessing, develops differently in males and in females, At present, -
support for these biological theories is not conclusive.

\Explanations that mathematical differences betyeen the sexes is
biological im nature have been offered 'in present times.to explain

-only one facet of mathematical ability. Historically, biological

explanations were not as parsimonious. Until the turn of the century,
many people believed that women were innately incapable of rigorous
study, and that if such study were attempted, consequences to the woman

_and to her future offspring would be serious. .Women were thought to - -

s ) ) . . ) -39- ' ) . ) . .
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have nerves which were smaller and more delicate than those of men, that
 to allow a young woman to study would cause her to."loose her bloom."
Serious intellectual activity during adolescence, it was believed, would
cause harm to female reproductive organs and make a woman incapable of
bearing any . but feeble, . sickly children. It was, contrary-wise, believed .
that the maturation of a female's body interferred with the performance :
of her mental functionms. Gynecologists entered the arena-with dire pro-
nouncements. One, in 1905, went so far as to assert that academic
application not only" decreased the size of the.female pelvis, but alsc
increased the size of the heads of future offspring. A distressing’

- situation indéed in those pre-anesthetic days (Bullough, 1973). Lest. _
we feel such, arguments are never heard in these'enlightened times, I would
offer ,from a 1971 book by Theo Lang: "“Menstruation must have a retarding
effect on a woman s physical and mental development "

The study of mathematics is vital to the intellectual development and
the career progress of individuals regardless of sex. Non—requiredcourses
on this subject, however, are not now, nor have they ever been, heavily
populated with females. Concerned teachérs of mathematics are beginning

_ to ask why this is so. They are not willing to accept biological.reasons
as total explanation of the difference.

. Even if it can be shown that there is some biological advantage inthe
.area of spatial ability for males, it will account for- only a- ‘small portion
of . the phenotypic difference between males and females in the 'area of
-mathematics achievement "It cannot explain at all why a particular Susie
performs less well in mathematical situations than a particular Sam does.
The effects of- environment explain the phenomena much more efficiently.
Even at an early age, boys are expected to be interested

in mathematics. Girls, on the other hand, though they may have

‘equal ability, may be discouraged from learning by the prevail-

ing idea that mathematics-is a masculine field. (Lambert, 1960, - ~

p. 19) .

Mathematics;_in short, isbincongruous to the female sex role.

~ We come to know, all of us, what is appropriate for males or for
,-females by a transmission of expectations called socialization. Three
different major theories are used to explain the process. One, building
‘on the work of Skinner and of Bandura and Ross, states that differential
patterns of reinforcement lead to the acquisition of sex—role-appropriate
behavior., Social learning theorists advance the thesis that behaviors ;
¢+ vwhich ‘are rewarded will be repeated and_ behaviors, whlch are ignored or pun-- .
. ished will tend to diminish in frequency.. The behavior may be original
with the subject or may be the result of imitating a model, the most:
influential models being those which are perceived as warm, powerful
and nurturing. A ‘second theory, derived. from the work of Piaget is the
- cognitive-developmental. Sex~role concepts are- believed to be acquired
in a manner similar to that by which any other- concept 1s acquired.
X Kohlberg and Ullian (1974) believe that children do not accept the fact
: of gender constancy until about the age of six. Prior to that time, a’
child believes that his or hér gender is determined by external appear-
ances. As cliildren come to accept gender permanence, they attempt to

=40~ o
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conform to the ‘proper" role. Whichewver of these two theories 1s correct,
it is clear ‘that brighter children will tend to socialize earlier than
“‘their peersi’ According to the social learning theory, the socialization
will occur earlier because fewer trials are needed for learning to take
' place; according to.the. cognitive—developmental theory, the child will
pass through the stages more rapidly.-

A third theory used to explain how children 1earn what behavior is
appropriate for males and what for females is based on the work of. Freud.
By a process he called identification, the child incorporates as part of
his or her own behavior the behavior of° same sex models, especially the
same-sex parent. The process, which takes place between the .years of
three and seven, is all but immutable, What Mommy does, or likes to do,
beccmes the.benchmark by which her daughter decides what is appropriate
behavior for herself, according to. this theory of socialization. The
- Freudian theory has been expanded 1n the area of sex role acqulsitlon by.,
Parsons and Bales - T o e

a

The message of what is appropriate-behavior for, malés and for females,

is, of course, no secret in our culture.. We receive the message from the,
'media, from advertlsements and from peers, parents and. teachers.

PR

e Differential expectations according to sex and direct socialization
by parents begin at birth (Rubin, Provenzano and Luria, 1976) The psycho-
logical mind set may be present.even earlier. Wrinkled reéd-faced baby
girls indistinguishable from similarly-featured boys are declared by
parents to be finer-featured, delicate and cuddly in” ways that conform
-tb the cultural stereotypes on the basis of the color of the blanket
Wrapped around them. As he or she grows older, a child's environment is
furnished according to his or her sex. In a study of the rooms of 96
children under 6, it was found that ruffles were present significantly
‘more - often in the rooms of girls. The absence-or presence of ruffles
will not have much impact; perhaps, on the mathematical development of
females.. ‘Another finding of the study is more telling. There were.only
two dimensions on which-a difference at the .001 level of significance was
achieved, the presence of dolls and.the presence of spatial and scientific
toys (Rheingold and Cook, 1976). A survey of female mathematicians dis-~
closed that scientific toys were the most difficult toys to get from their
parents, even: “when the girls asked directly for .them (Astin, 1975).

7 Parental expectations are often communicated directly as well as
indirectly. Women in--the Astin study. reported that in the "masculine”
area of mathematics, their parents expected more from their sons than
they did from. their daughbers RS

" Parents who would suffer keen, mortification if the boy for
whose education they are responsible were in danger of being
rejected by his college because of his failure in required mathe-—..

- maties-will condone-any. shortcomings of the:-girl in that [area] -
with a deprecating "You know that one ‘does not think so much of

a failure in mathematics for a girl."- (Martin, 1917, p. 396)

* This observation by Emilie Martin, which appeared in the American Matne—
matical Monthly in 1917, is still valid 60 years later.

_ 1‘ : v -41- - .
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. Parents can also play a major role in developing the later mathe-

. matical progress of their daughters. Helson (1971) found that almost

every one of the women mathematicians she interviewed had grown up in :
homes with strong respect for learning and cultural val.ies, and that as v
little girls, most of them had been rewarded for intellectual successes.
Osen (1974) reports in .a similar finding in a history of women in mathe-
matics.

As important as parental, attitudes and expectations may be, one
cannot overlook the pressure of peers. Especially for the adolescent
girl, peer pressure may be even more influential than that of. parents
(Lebold, 1976). Women who choose to continue in the study of this
stubject decried masculine by tradition receive less attention from their
male peers (Luchins, 1976) and are often uncomfortable in social rela-

" tionships with them (Fox, 1976). Mrs. Helen ‘Andelin, mother of eight,
. author. of Fascinating Womanhood and The Fascinating .Girl, and director
of Fascinating Womanhood courses, speaks directly to young -women who
might be tempted to fulfill their own intellectual.interests without

considering the possible effects on ‘the men around them:

Don't compete with [men] for scholastic honors in men's sub-
jects, It may be all right for you to win over a man in
/English or Social Studies, but you are in trouble if you
compete with him -in math, chemistry, public speaking, etc.
Men may admire women who excel in them but.they are not -apt
to ask them for a date. Why? Because they have defeated
:them in their'own field ' (Andelin, 1970, p. 164)

One of the saddest facts about “this quotation is that it often is
true. In.a study of.350 women mathematicians, Luchins (1976) found that .
not only' had -almost half of them been discouraged by teachers and by
‘peers on the grounds that "boys wouldn't like them,' .but that these women
.received 1ess ‘positive attention from men as ‘they advanced to higher
levels, If it is to come, a young woman's interest in mathematics.often
crystallizes during the adolescent years. Eighty-eight percent of .
Luchins' respondents reported that their interest in mathematics had
begun before the end of their high school years. Indeed by the time of |
high school gradudtion, 36 percent of the women had decided on a career
in mathematics Many more young women may have decided the choice JUSt
wasn't worth the price. - . -

-

'

In almost any age, it has taken a passionate determination as
well as‘a certain insouciance, for a female to circumvent the
crippling prohibitions against education for women, particularly
in a field that is considered to be a male province. In mathe-
matics the wonder is not that so few have attained proficiency
in the fields, but that so many have overcome the obstacles ton
doing so. We can only speculate about the multitude who were

. dissuaded from the dttempt. (Osen, 1974, p. 163)

There is 1itt1e that mathematics educators can do which ‘will directly
influence parent-daughter or peer relationships. It. is my sincere convic-

~tion, however, that those who train teachers and those who teach
‘elemeritary and secondary students can have favorable impact .on reducing
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a, young woman's perception that mathematics is a masculine domain, but
that this cannot be. left to chance. Teachers, too are currently pro-
‘ducts of their own socialization in this regard. They ‘may believe that-
boys can usually be expected to be better math students *(Ernest, 1974),
or that'even very bright girls at the elementary level will find mathe-
matics a difficult subject or that success in mathematical endeavors is

not appropriate’ and 'should not be rewarded for females (Levine, 1976).

What can be done to help teachers confront-their unconscious beliefs.
th respect to the appropriateness of female achievement in mathematics?
Successful strategy is to provide experiences which will cause these

hidden assumptions to surfdce. Exercises which will do this are called
values clarification exercises. These techniques can be used with little’
' disruptiOn in:math methods cOurses, in student teacher seminars, and in
. , in—serv1qe workshops for teachers. They are potent raisers of conscious-
- mness and force participants to examine the roots of their behavior in. a
way that a\lecture on the career use fulness of mathematics or on the : )
provisions of Title IX will never do., Values clarification exercises have
this power beuause they often provide simultaheous cognitive and affective
input,
Once the tec nique has been learned, variations of established exer-
_ cises are easy. Far example,; one of the most easily adopted values
. clarification techniques is rank ordering. In this exercise, the parti-
. cipants are asked to\listen to a situation and to place in order of
preference the three choices presented. All alternatives must be ranked .
- from the most acceptable to the least acceptable. - None may be omitted.
To get a ‘feel for this technique, consider the. following situation:
' Your district has Just established an accelerated program for
students gifted in mathematics, Enrollment will pe very limited.
~ In what order would you rEfer these three equally gifted students?
The likelihood of their: partlcipation decreases as their pos1tion

on the list is lowered LR : : o
' a. a deeply religious boy whose religion strongly encourages .
< . large families. \ , . .

b. a boy whose vision is very poor and who is expected to g0
blind ‘before he is 20. g

. C. -‘a boy who is sullen and rude and\ does not study.

\

g'Having completed the ranking, cOnsider‘this situation:

o Your district has Just established ‘an accelerated progran for
", students gifted in mathematics. Enrollment will be very -
limited., In which order would you refer these three equally :
N ~gifted students for the program? The likelihood of their parti-
- cipation décreases as their pos1tion orn the list is lowered. '

a. a deeply religious glrl whose religion encourages large
families. :

b. a girl whose vision is very poor and who is prected to -
go blind before she 1is 20.

‘c. a girl who is sullen and rude and does not study.
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After you (Cor those with whom you do this exercise) have completed both
. rankings, some medication on the similarities znd Sifferences in the
-rankings might be appropriate. If this is Jdoga av a group exercise,
each individual should complete a ranking inde-perdently before general
. discussion ‘takes_place. The reasons given for the differences will pro-~
vide information on the urderlying assumptions which form the basis for
decisions made in the real world. For a particularly difficult task try
. rank ordering af1 six of the candidates for the special class.

‘x.~.’ .

A second, related,category of ekercises are Forced Choice situations.
To present a forced choice exercise, one describes a situation with two
approximately equally attractive (or repulsive) alternatives and asks
- participants ‘to choose one alternative. ' Abstention is not allowed. The
-choices made need not be publically shared, but the individual -must.come
to a decision .as to-which is his or her choice. An example of a forced
choice situation: - , L :

'You can refer children from your elementary classroom in each R
of the five categories named. Only one child can be réferred
for each of the five. Would you refer a boy or a girl whom
you believe equally in need of special help?
" the child is withdrawn
the child is gifted but has a mild behavior problem
- the'child has reading difficulties
-the child cannot grasp arithmetic concepts at all
1Pthe child is aggressive

m'lé»‘lp'lcrlm

- This situation is based on_research conducted with 140 elementary
: '(K~6) teachers. Gregory (1977) . found that in every- case, boys were more
"7 ., likely to be referred than g1rls., The difference for reading referrals
did not ‘reach significance, but in every other case, the likelihood of .
referral of.boys was significantly greater. Indéed, the difference in.
1ikelihood of referral for the ¢hild with severe arithmetic disability
. was at the .023 level.. A girl with such deficiency had less than a 50/50
chance of being referred for help. A boy had about a 40 percent chance
of being referred. The findings are even more dépressing than they seem
at first glance. The teachers in the study were not given a forced choice.
’They received -a set ofsfive anecdotes describing the children and were ’
fasked simply to state whether they ‘would of would not refer -each child.
-There was no. 1imit on the number of children they could refer. Teachers-.
-Were willing to ignore severe arithmetic problems in both boys and girls
- .'but were even more inclined to consider such problems unimportant for
females, : :

Another values clarification exercise which is easy to incorporate
and fun to do is imaging the ideal—blue-skying, as it is sometimes’
called. Ask.a group.to list the qualities of an ideal female student.
Then, on another piece of paper, list the qualities of an ideal male
student. Then have them llst the ‘qualities of an,ideal math student

- Compare the lists. S

C




: " This exercise, too, .is based on a research study. In the study
- " reported by Sadker, and Sadker (1974), the ideal female student was per-
ceived to be: . 4

. appreciative - mannerly -
' . calm - . ‘ . mature
., comnscientious = - obiiging
_— . considerate. . - poised . .
" cooperative ‘ sensitive s
dependable - - L thorough

. -
» . ®

efficient
-The ideal male student was perceived to be::

“active ' ' energetic

v o - adventurous ) " enterprising S
. aggressive. : frank ‘ . :
‘assertive . : independent

curious - * inventive

L -J;One of these lists is apt to correspond much more closely, than the other

" (with the list developed for "ideal math student.” Perhaps in the light
~.of the lists developed in your own reenactment, it might -be well ‘to’con~
- sider the.factors that Rossi (1972) has didentified as character1st1c of

. scientists of note- o : . o v

- . -

21 -High intellectual ability/""‘ ‘ ‘ ]
2, Intense channelling of energy .in one direction '
-3, Extreme independence '
4. Apartness from others w1thout guilt or 1ong1ng

e . S P '

Females in our culture have traditionally. been socialized to conform :

,rather than to contradict, to be popular rather than to excel academi~
cally, ‘and to accept as the most appropriate goal, raising a family
‘rather than pursu1ng a career, The results of successful socialization

) aécording to thlS pattern is not apt to encourage: ‘achievement in a mascu—

- 1ine subject during the h1gh school years As Rossi states:

We must encourage (in young women) the cultivation of the'

analytital and mathematical ,abilities science requires. To

s achieve’ this\means encouraging independence and self-reliance
.~ instead!of pleasing feminine submission in the young girl,

- stimulaéing arid rewarding her”efforts to-sat1sfy her curios-
ity about the world to the same:eéxtent her brothers' efforts,
nre, cultivating a probing intelligence that asks why and
rejects the easy answers instead.of urxging her to please ‘
others and conform unthinkingly to social rules., A childhood

'moddel of the quiet, sweet, "good" girl will not produce many
women scientists or scholars, doctors, or engineers (1972, p. 79)

¥ >

L

It will not produce creatiye mathematical thinkers,either.
Is it possible to bring about change_in_the pervasive stereotypes of

mathematics as a masculine domain? Yes, I believe it is. - I am not so

naive as to believe it- will be an easy task, however. A stereotype is
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. an assumption that because individuals:are alike in some ways they are-
similar .in many others. There are usually some readily available exam-
ples of the "truth" of a stereotype which can be trotted forth whenever
one is under examination. What those who prefer such examples ignore, of
' course, is that no amount of* particular examples can prove the general
case. Stereotypes are'a type of ‘shorthand which we use to encapsulate ’
~ the messages of the world into more easily-handled bits of information.
They are dangerous.for the same reason. Stereotypes ignore individual
‘'strengths and weaknesses, rights and duties and make judgments based on -
T class membership. In our culture, the stereotype that women arén't good

at math—or that a woman who doe$ not conform to this stereotype is some=-

how not really feminine—is well—entrenched It will not. be eradicated
easily g . ? ‘

As one" sets-about’ to make change in an attitudinal area, it is well‘
to remember, that dramatic change is most unlikely, that ‘rapid change will
probablygnot occur and that the increments of change may well be small.

~and slow in coming.- - One model which may help explain some of the dis-

comfort as one sets about attitudinal change postulates seven steps in
the prodess ofaattitudlnal change (McCune, et al., 1977)..

The first step in the process is Shock and .Surprise.. When people
become aware of the inequity of a condition they .have long accepted as
- -a given, they usually experience this stage quite vocally., - It is followed,
_ comparatively: rapidly, by a second stage\“Disbelief Commonly'heard'

statements from hOunselors administrators .and teachers in this second
stage are variations of, "Well

heard statements from professional educators iin this stage are variations
of "Well, if the researchers had chosen -a 1arger sample, or had, run .the

XYZ test, or had not been biased to start with, ‘the results_would be
different " o col

Drcagrmm—n.,

. The third stage is the most>pa1nfu1 for many of us,
of Guilt.,

sex bias f

It is,the stage
All of us probably feel some guilt with respect to 1ssues of

too. The
danger of this stage is that one can become so immersed in guilt that
one remains mired here. If, because of past actions, one allows himself

or herself to feel unworthy to work for change, a vote is,

in effect,
cast for the status quo.

Itiyis legitimate to feel guilt- it is also .

,1egitimate to forgive oneself and move.on to more positive actions for
change. .One who attempts.to bring about change in others should -be

aware that this-will be a most painful time and will need to be prepared

for the next 1eve1 in therchange process, the stage of Projection of
\\ Guilt . : : :

When an individual has borne all thé guilt he or she can comfortably
bear, when beating the breast is no longer fun, the usual ‘course of action’
is to look around for someone e€lse to blame. A person in this ‘stage makes
statements such. as, '"My mother always told me .- :
"No girl who is trained in math to that .level is going to find a husband."’
Projection can become such a comfortable stage that one is tempted to’ sit
back smugly and toss the blame around with great abandon, Tossing blame

around. has never been an effective technique ‘for bringing about socidl
change,. however 2

»
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that isn't true at this school.” Commonly "

After all, we are all products of our culture, :

-3" "The counselor I had =—;" - "



You may have noted that"these first four steps have concentrated

on the Feeling level. .In the fifth step, one beings to use rational
means to solve the problem by Identifying Specific Problems. It is at
- this step, and not before, that reporting research becomes a useful
strategy.. While research is sometimes of value in arousing surprise
and thus initiating change, it is not until feelings have been processed -
' that an individual is ready to think about effective resolutions for a
' problem situation. A useful technique for identifying specific problems
is called Force Field Analysis. The ‘analysis is undertaken by listing
on one side .of a line all the forces in a given situation which are work-
ing towards change in the desired direction and listing on the other '
'side all the forces that are working.gagainst that change. The more

‘specific the forces listed, the more valuable the technique is likely
" to be,  In addition to helping identify the specific problems which
prevent girls from excelling in mathematical endeavors,- for example,
the technique moves the.person considering the problem to step six of

the stages of, change, Formulating Action'Steps. :

The sixth step is also jin the thinking dimension. It is usually .
wise to try to weaken the "against'" forces rather than to strengthen ¢
the "for" forces, A strengthening of the '"for" forces can cause
increased resistance., The best alternative, when it is available, is
to change a force against the change to a force for change

¢ The final step, the only" step which deals with Doing, and the only
" step with perceivable results, is®the integration of change into ongoing
" behavior. This step takes a long time to bring about, and the slowness’
of the process can be extremely frustrating. Change can happen however,
and ‘I would like to describe briefly some specific action steps that
have been found helpful in increasing female participation and pride in
mathematical endeavors.

Be Aware of Your Expectatdons

“- \ N ' .

Never accept less than a given child's bestfwork. It is demeaning,
degrading, and disastrous to say or imply, "Well, you're a girl, I don't
- expect you to do as well in math as boys do," or "You're'a boy; most

boys gead less well than girls do." Expect the best possible performance
from every student, regardless .of sex. :

Lo

Help Students- Learn to Learn Mathematics

The state of the art of mathematics today precludes the naive assump-
- tion that we presently know all there is to know.about mathematics theory
or appfications, A student:'who is taught to respond to mathematical - °
gsituations with an automatic algorithm is hampered in future learning in
the subject. Placing at least as much emphasis in the teaching of the °
'why of the process as well as the how will provide-students an opportunity
to develop problem-solving skills which go beyond the immediate 'situation
and will stand them in good stead when they encounter situations in the
future.
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Provide Biographies of Female Mathematicians

Traditionally, biographies in science and mathematics have been of
the "male only" variety. There are at least two readily available books
on the contributions of women to math and science (Osen, 1974; Perl,
1978). Do have those available, as well as your old favorites.

«

Examine.the Career Relevance of

‘Mathematics for Young Women

Teachers of mathematics have long known that at least three years
of high school mathematics are required for entrance-into engineering,_
science and mathematics majors at most colleges. They also realize,
better than most, that even for: entrance into the social and behavioral
sciences, long the haven of the math—wary, mathematits is now required.

Male high school students ‘believe that mathematics will have career
relevance, “Female high school students are’not as convinced that this
Ys the case (Hilton and Berglﬁnd 1974 ; Ernest, 1976; Fennema and

. Sherman, 1977), Those not interested in mathematics or sclence as a
' career mAYy not recognize-a need for mathematics for careers in teaching

or the social sciemces,

Mathematics teachers and/or counselors might collect literature on
mathematics dependemt careers for dlsplay in their classrooms and make
it available to other teachers and to student groups, A list of speakers

on careers’ for which mathematics is essential might be compiled as a-

class project., Two. free booklets, "Careers for Women in Mathematics,’
and "Math in High School You'll Need for College" (prepared by the MAA
with the cooperation of NCTM) may be obtained from the Mathematical -
Association of America by writing them at 1225 Comnecticut Avenue, NW,
Washington; DC. Permission -has been given for local reproduction of

"Math in High School." It might be worthwhile considering putting a

copy of this leaflet in the hands of every Algebra I student 1n your

school.

Identify Resources for Personal Growth

There are a growing number of research studies which relate directly
or indirectly to the issue of women and mathematics. Several of them are
listed in the bibliography of this paper, and many others are to be found
in other papers in this volume. Do a little spare time reading, get the :
information you need to bolster your own arguments and to formulate your
own action steps. . a° ~

v

Encourage the Develgpment of Spatial Skills

Adults use spatial skills in a wide variety of settings from park-
ing a car to plbnning a new kitchen. These skills are important in
occupations as divergent as dressmaking, architecture, 'surgery and
draftsmanship and in- everyday life and scholastic endeavors as well.

T
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A lack of confidence with respect to these abilities has not only an
immediate effect but also, because it can affect career choice, a long-
range impact as well, Even if it is proven that there is a biological
component to the development of spatial visualization, there is much

that can be done to foster further development of these skills, Aiming

. objects at a target, throwing and catching balls, building with a variety -
" of elements from giant.hollow blocks to Lincoln logs, legos and erector -
sets, engaging in sand and water play and climbing on a jungle gym or

- running across a field, may all help develop spatial skills. No .child
should be discouraged from engaging in any of these activities: because

it is not "ladylike."

Including in the mathematics curriculum units with spatial skill-
building possibilities such as tangrams and map and compass reading is
a practical and mathematically sound way to encourage the development
of spatial skills,

i
i

&

Use Testing Results Carefuily

Learn to take all results of standardized tests used in career’ plan-
ning with-a large grain of salt. Many of these tests contain biased "
items and many of them were standardized on populations much unlike the
- students who take them today. A score on some item such as '"mechanical
interest" which would be considered low for a male student is a signifi-
cantly high score for a female student., Some counselors believe it is
wise to discuss with the student the norms on both scales for tests which
-are separately normed by sex. It is rather universally accepted that the
- numerical outcomes of a test should not be considered as the final word
. in the decision-making process... Allow a considerable margin for testing

"error and trust your own good sense as well as the test results, "

»

Invite Guest Speakers to Mathematics Classes

Role models are powerful influences on human behavior. Even in
audiovisual presentations, the presence of a female role model has a
positive effect on high school women (Plost and Rosen,, 1974)., The effect
- of in vivo models 'is even stronger (Casserly, 1975; Levine, 1976), In a’
1976 National Science Foundation project designed to assess strategies
used to increase women's participation in mathematics and science, the
presence of role models during the high .school years appeared to be the
~ most effective (Fox, 1976). .Early exposure to adults.who lead satisfy-

_ing lives both as women and as professionals in mathematics-dependent
‘careers will provide proof of the appropriateness of mathematics as a
field of study for females as well as for males (Westervelt .1975).

, Belief ln the stereotype of mathematics as a masculine endeavor
_becomes a self-fulfilling prophecy. Currently, great numbers of women
do not enter the field of mathematics, so mathemgticians tend to be men,
engineers tend to be men, and the fiction that mathematics is an

" esoteric science women cannot understand is reinforced. Belief in the
_stereotype "encourages the notion that to enjoy mathematics in its many
forms is to be, in some obscure way, at variance with one's womanhood"
(Osen, 1974, p. 165). Show young women this need not be so. ' 4
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Encourage Female Students to

Encourage Other Female Students

It is not surprising that peer role models are very effective, For

+a young woman bright in mathematics to meet other young women who share

‘Help Yoqng»Girls Accept Their‘Mathematical'Talent'

a similar talent may well provide the support she needs to continue her
pursuit of the subject. The use of mathematically competent and confident
Juniors and seniors to encourage elementary school students and younger
secondary school students is particularly powerful.. If the academically
successful peer models are popular with other students, both male and
female, their testimony will be partlcularly useful

In one study, female mathematicians were asked why so few women

_choose mathematics as a career. Seventy—three percent of the respondents

‘stated that the major reason for. the relatively small number of female

mathematicians was that mathematics is not considered "femlnlne" (Luchins,
1976). : . : , o

—_—

When there is potential for conflict between academic achievement,

. particularly in "masculine" areas, and popularity, achievement tends to

"suffer (Fox, 1976). Whether the concern is valid or is an incorrect

perception on the part of the young woman, the effect-is the same. Indeed,
young women tend to underrate their ability in mathematics, even when it is

‘exceptional (Maccoby and Jacklin, 1974; Rebitaille, 1976; Ernest, 1976).

. . : i o o LT
A teacher who carn help a young woman accept her mathematical talent

‘as a legitimate aspect of her personhood does more than can. be put onpaper

to foster the young woman's actualization of potential growth o
‘)

e
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Examine Descriptions of Extra-Curricular Activities

A young woman'who is uncertain about joining the math club may be even
further put off if the descriptions read "A member of the club ,.. he ,.."
Try to make extra-curricular activities appealing and appropriate for both

. sexes, ‘Make your promoticnal literature a model of sex fairmess.

!

Advise Tektbook Committees of Publisher's Guidelines

Evary major publisher has within the last three years, published and

.distributed guidelines for the1r authors on promoting sex-~fair-treatment

of males and females in textbooks. Be sure your local, county, or state’

~ textbook selection committee is apprised of your concern in this area and

has a copy of the pertinent pamphlets. Most publishers will send you a
copy of their guidelines at your request. ‘

Work with'Counselors‘ . '. S

In an ETS study of. female high school students gifted in mathematics

"Casserly (1975) found that even these young women were often counseled
~out of advanced-mathematics courses. Counselors and/or teachers suggested

. o . : "‘,50-
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. that serious study might detract from the fun of senior year, cautioned

that the.student might spoil her scholastic record, or expressed fears
that a woman trained in mathematics or science might steal a job from a
m . » . N

In the past, assumptions about which behaviors and.goals are appro-~
priate for young women has restrained both teachers and counselors from

- suggesting additional courses in math, and has prompted them to question

the suitability of such courses when they‘have been selected. Counselors

- who are convinced of the worth of the study of mathematics, even from a

pragmatic career perspective, will prove a valuable ally to mathematics
teachers seeking to encourage students to take advanced, non-required
courses, - , - )

, Once a student has expressed an interest in mathematics of a mathe-
matical- related career, someone must act as a mentor, helping the student
clarify her goals, choose a college, fill out forms; and attend to many
other details. Finally, many teachers have gone beyond the call of ‘duty
and have contacted parents who were unaware of the potential of their
daughter, or who regarded mathematics as an inappropriate career choice.
Counselors may be pleased to.put their training to use in these ways.

Be Aware of Available Resources

.~ - Personnel of the State Department of Education in ﬁany states are

very interested in the issue of sex-fair education. People who have such
an interest might be found in the division of mathematics, the division
of equal educational opportunity, or the division of counseling and
guidance. Contact your State Department of Education and locate those _
interested in this issue and form a network of support for yourself. Try
your county or district offices also. In either case, a good person
to ask for leads might be the Title IX coordinator. . ' ’ T
. - ' o

In addition to funding for research and development, there are pro-
visions on the federal level for two types of technical assistance
operations to help allay sex bias.” The first type, General Assistance
Centers, work with school districts on request across a wide geographic
area. Funded under Title IV of the Civil Rights Act of 1964, GAC's have
worked for several years with school districts to implement desegregation :

~.-plans. Three years ago, the scope of their activities-was increased.to

include the dissemination of information on ‘Title IX and giving assis-
tance to school districts in providing a sex-fair education. The location
of the General Assistance ‘Centers may be obtained from any regional
Office of Education (see Table 1). A second type of government~funded
group which may be able'to help your district encourage the increased
participation of girls in mathematics are Sex Discrimination Institutes.,
Regional Offices of Education can also provide informatdion on the loca- '
tion of these institutes. Finally, regional Offices of Education

distribute information on the existence of any Women's Educational Equity
- Act funded projects which are concerned with women and mathe "~tics, and

on the ways materials developed in those projects can be obta. ied.
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Table 1 - | g .

DEPARTMENT OF HEALTH, EDUCATION AND WELFARE REGIONAL OFFICES

Region I - _ ' Regidn VI .
(Connecticut, Maine, Massachusetts, (Arkansas, Louisiana, New Mexico,
New Hampshire, Rhode Island, Vermont) Texas, Oklahoma)

3

RKO General; Building T -‘1200 Main Tower Building
Bullfinch Place - . . © " Dallas, TX 75202 '

+ Boston, MA 02114 - (214) 655-3951
{617) 223-6397 ' .

Region II . ' Region VII _
(New Jersey, New York, Puerto (Iowa, Kansas, Missour?, Nebraska) .

Rico, Virgin Islands) _ . ,
SN , Twelve Crand Building
26 Federdl Plaza ‘ 1Zth and Grand Avenue

New York, NY 10007 Kansas City, MO 64106
(212) 284~-4633 " - -(816) 374=2474
Regiom ¥XI . - - "Region VIII
’ (Delaware, D.C., Ma;yland Virgivia, -(Colora&o, Montana, MNorth Dakota,
West Virginia, Pennsylvania) . South Dakota, Utah, Wyoming)
. Gateway Building  ; Federal Buildiﬁg
36 and Market Streets - o 1961 Stout Street
P.0. Box 13716 _ ' Denver, CO 80202 C .
Philadelphia, PA 19104 . (303) 837-4345 ’ ' <’
(215) 596-6772 ] SRR _
Region IV S { :»,\Re gion IX
(Alabamn Florida, Georgia, Ken-+- (AriZOna, California,'Hawaii,

tucky, Mississippi, Nocrh Cax olina,:. Nevada) _
South Carolina, Teﬂ""Eu) " Pheian Building'-

50 Sewenth Street, N& _ .760 Market Strect

Atlanta; GA 30323 ) o San Francisco, CA 94102
(404) 526-3312 - : {415) 556-8586
Region V - - : g ‘Region X
(I1linois, Indiana, Minnesota, ; (Alﬂska Idaho, Oregon,
‘Michigan, Ohio, Wiscongin) . Washington) :
- e Arcade Plaza Building MS 508
309 South Wacker Drive - 1321 Second Avenue
- Chicago, IL 60606 - Seattle, WA 98101
(312) 353-7742 : ‘ - (206} 442-0473
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Ralse the Awareness of Others

Let people who have clout know that this is an important issue with
' personal and economic ramifications for the young people you teach, Much
discouragement comes not from overt anti-female attitudes as much as from
a lack of awareness of the facts of life with regard to the work future .
of women. It is important that all who work with young ‘women realize
that 90 percent of the young women now in school will work an average .of
45 years; those who marry, only 25 years. Those years should be as satis- -

fying as possible for all young people, both professionally and personally;""f

Become.Aware of ‘the Effects of Math Anxiety

Many men and women suffer such a fear of mathematics that they are
all but paralyzed when confronted with even the. simplest of situations
'involvinz the application of mathematical concepts 'A cause as well as
a symptom of math anxiety is the unwillingness’ to take courses in mathe-
‘matics. Teachers who explain to math anxious students that fear of the
. subject is far from uncommon, that it is a phenomena that has affected °
students.from kindergarten to the doctoral level, and that it .can be"
conquered, are both honest and helpful. Focusing on the roots s of the
anxiety, individually or through a discussion group, is often effective,
Such a discussion group might be offered as an after-school workshop or .
as a mini—course._

P . . s . ° ¢

>

'Towards Tomorrow » S . o e

Some of these action steps may be of help in your situation. Atti-
tude on behavior change is never.easy, but it does occur, But they do -
happen. Mathematics is not only a masculine domain. Many people in the-
past and in the present believe it need not be. For example: .

The gifts of nature gre alike diffused in both (men and women)
«e. All the pursuits of men are the pursuits of women .

Plato, The Republic, 4th
Century BC !

I say it to thee again, and doubt never the contrary, that if
it were the custom to put thevlittle maidens to the school,
and ‘they were made to learn the sciences as they do to men-
children, that they should learn as perfectly, .and they should
be as well entered into the subtleties of all the arts and.
‘sciences as men be.

'

-

" Christine de Pisan, La Cite
des Dames,?}407_

Perhaps she should learn arithmetic before anything else; for
nothing is more obviously of general use, nothing needs longer

- practice, and nothing gives more. opportunities for mistakes
than accounts,

Rousseau; Emile, 1762 =,

v
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Intellect is not sexed

Sarah Grimke, The Equality ‘of '
' Sexes and the Condition of- Women,
' T 1838

i b
_ L \
Like Charles-Lamb, who atoned for coming late to the office Hn

the morning by going away early in. the afternoon, we have,
first,

E \
half educated women, and then, to restore the balance, \
-only half paid them SR .

‘M_,A”W \
Thomas Higginson, Women and the \
Alphabet, ‘1900

When a person of the sex, which according. to our. custom and '
prejudices, must encounter infinitely more difficulties than \
men to, familiarize herself with these’ thorny»researches :

succeéds neverthéless in surmounting these obstacles and
‘ penetrating the most obscure parts of them, then without

. |
doubt she must have the noblest courage, quite extraordinary
talent and superior genius.

F. Gauss, Speaking of Sophie -
Germain, Quoted in E.T. Bell

Men of Mathematics, 1937
No sane person néw considers it any more

"unwomanly" or more A
"monstrous" for them to study or teach mathematics than for - '
them to teach music or needlework. o . i
b " H.J. Mozans, Women in Science,
© 1913 .

opposed.

The unfounded assumption that mathematics is more a subject
. for males than a subject for females is to be v1gorously

NACOME Report, 1975

The inability of woman to succeed at mathematical endeavors is a
bit of hallowed mythology in our folklore, but there are those: who' seek
to change that. Join us. Encourage each mathematically talented Susie
you know to excel in mathematical endeavors and to be proud of her
ability, - - .

f
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SEX, SEXISM AND ANXIETY IN MATHEMATICS

by John Ermest

The mathematics department at my home institution, ‘the’ University

- of California at Santa Barbara, consists of 47 full-time. faculty. Not

one is a woman. These 47 men are served by a support staff of seven
secretaries and typists, who are, you guessed it, ail women. Four
years ago I, together with ten enthusiastic freshmen, made a study of
sex differences in mathematics education and employment. " At that time
tha UCSB mathematics department consisted of 32.full-time faculty, all

; male, Thus while over the last four-years my department has increased
4in size by 15 members, it continues to have the character of a men's

~club, I wrote an essay on the results of my freshmen seminar of four

years ago, and gave it the provocative title "Mathematics and Sex."*

.I now know why sex is used to sell everything from records to automo-

biles; The essay has been widely read I'm sure largely because of the
deceptive title. : : - S

Perhaps the most frequent comment I received about: this essay,

- always given "tongue in cheek, " was that +he reader was disappointed

that. there was really so little sex in the essay. Perhaps because of
these many gibes at my mlsleading title, I have come to realize that

‘8eX is indeed .a very real issue in any presumably comprehensive dis-.

cussion of the problem of the disproportionate representation of “wotien .
in the mathematics field. Therefore, with considerable trepidation, .-
I would like to venture a few remarks on this sensitive issue, I do
so not because I have a lot bf data to share with, you,® but because I
want the issue to be explicitly- raised, in the hopes that someone else,’

- preferably a respected and ‘trusted female mathematician, might begin

to collect comments about sexual and interpersonal d1fficulties
experienced in the pursuit of mathematlcs. n T

N

Oone’ woman mathematician told me of a meating she attended on the

'dearth of women in mathematics and science. During the formal

sesgions, the usual issues 1nvolving role models, lack of encourage—

‘ment- and job diserimination were discussed extensively. But not unt11

~ the informal discussions during the breaks did ppeople begin shar-

:fing their personal "horror stor1es" involving various male teachers or

colleagues. I know of one woman mathematician who had to change her

Ph,D, thesis advisor. His never-ending attempts at seduction made it~

impossible to maintain a productive academic relationship.

Underlying the sexism pervading the machematics profession are
some very: fundamental problems involving how men and women- relate to

- each other. We cannot work well together as colleagues until we break

away from .the stereotypical roles which keep us from relating fully at
many . 1evels. We men have grown .so used- to these artificial roles that

.. we find nothing unnatural about having an all—women staff type the

»

J’

= — — o ' ,'; o ' [ -
.*American Mathematics Monthly, Vol., 83 (1976),z595+614.
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letters for an all-male faculty. We take for granted that these women
will also take time to make us .coffee. We never stop to question the
fact that we call the staff members by their first names, while they
call 'us Dr. this and Professor, that, always using our last names. It-

~1is still common practice to refer to the members:of the staff as '"the

girls.” Sure we can make changes in textbooks and employment procedures,
but the basic sexist patterns will continue until we change the underly-
ing attitudes of male mathematlcians in. their relations with women. in
gerneral. :

- I do not wish to deny the- issue of sexuality in relations between
men and women, And I'm certainly not suggesting that sex be prohibited
in professional mathematical circles. That would be a clearly unattain-
‘able objective even if it were considered de51rable by some (not by me).
‘Quite to the contrary I wish 'that issue could be examined openly and
honestly so that we can better understand how to.ensure that the sexual

. aspects of our 1nteractlon will not interfere with our ability to work

together as profess1onal colleagues on a totally equal basis, ‘
I'm often asked to summarize the essay, "Mathematics and Sex" in
one or two sentences. I'm asked, "What is the basic problem causing
extreme sex differences?" I usually reply that it is a multifaceted
problem involving many interrelated factors, such as #tcietal attitudes,
parental pressures, peer group erectations lack ot zwle models, sexist
textbooks, bad teachers, poor career counseling, etc., 10 one of which
can be isolated as primary. However, if pressed for a single underly-

i

‘ing "cause,'" I would have to answer somewhat philosopliically that I am

1!

. the problem. I am the product of a sexist culture and I carry with me
.many engrained and unexamined attitudes which color all my relation-

" ships; and which I take with me every time I enter the classroom, By

extension, all of us who are teachers, with our awescme .capability to”
influence the young, must realize that first and foremost the problem
ig within ourselves, We have” the responsibility to first examine our
own sexist "attitudes, to first. change our own patterns, before we can
hope to enter the classroom and not do irreparable harm. And here:I am
talking about both male and female teachers, for we are all burdened
with this sexist baggage. In our questionnaires we asked students to
‘explain what forces brought about their strongly negative or their.
strongly positive attitudes towards mathematics., The most frequent
responses referred to either poor, sarcastic teachers or to inspiring,
encouraging teachers. . : -
If as males we feel intellectually. superior to. the women .in our -
lives, or if we have not learned to relaté to women as total 1nd1v1d—
uals but only as objectives of sexual seduction, then we cannot help
but do great damage in the classroom, no matter what our good
intentions., 'If as females we feel apologetlc for our ‘intellectual
skills, or if we feel anxious and unsure of ourselves in handling’
quantitative problems, or if we feel there is something basically
unfeminine about science and engineering, then these feelings will
certainly be perpetuated by the sensitive students in our classes.

Thus our first responsibility is to work on ourselves, carefully

\uncovering our own sexist preJudices, through some serious introspec- -
tion. Just as the- psychiatrist must first go into analysis before he
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or she can presume to counsel others, so must'we first eliminate our
own sexism before we can effectively ferret. out the sexism prevalent
in our educational institutions. After we become aware and sensitized
to the many sexist assumptions of our outlook, and heré I mean some-

‘thing much deeper than-learning to mouth a few feminist slogans, then
. we can begin to deal with sexism in the classroom honestly and with

understanding. For example, we all know how it is possible to turn a

‘mathematical error in a text to pedagogical advantage as we make the

students aware of the mistake Similarly when traditional male and iy
female roles’ creep into various problems or illustratlons of the text
the alert teacher can seize that’ opportunity to make students aware of
how such stereotypes are subtly perpetuated Thus the concerned teacher
who works.conscientiously to create a non-sexist classroom environment
can even utilize sexist tainted educational materials to generate an
awareness of the stereotypical thinking common to the area of mathe-
matics. On the other hand, no amount of laundering of mathematical
texts will ‘afford any protection against the enormous damage done-by

. those teachers who are either unaware of, or insensitive to their own

sexist attitudes

'Speaking of the damage which instructors can do to- stu‘dents9
brings me to the topic of "mathematics anxiety," I sometimes get

_ the feeling that ‘some students- develop more anx1ety about the mathe-

matics instructor, than they do about the subject matter itself. A
male mathematician, scoffing at the whole notion of mathematics anxiety,
Jokingly told me that his main contribution to the area. is that he is
one of those who causes the anxiety. Indeed some mathematicians can be
.very creative in finding ways of generating anxiety. We all know of
cases where a certain instructor is thought by many to be a great

genius in mathematics simply because no one can understand his lectures.
His ego gratification is unfortunately bought at the expense of making
everyone .else feel like 'an idiot. I certainly get anxious when attend-
ing a research lecture which is "apparently in the English language, but
where I don't understand anything. Then there are those instructors who
are so unsure of their own ability to understand and explicate the .
material that the students themselves lose all self confidence., .There

" are of course almost as many methods of generating anxiety as there

y

are teachers. There is the one who delights in pouncing on studénts

“with unexpected questions "td keep them awake," A good diet of

/

junannounced quizzes .can also be quite effective: Still nothing is
quite as effective as’ the sarcastic and humiliating remark, when some-
one is Brash enough to- ask a’"dumb" question,

0f course research mathematicians themselves experience anxiety -
when working on ‘deep problems. I also know that some mathematicians
experience some anxiety whenever the topic of ' math .anxiety" comes up.
Some of these anxieties may arise merely from faulty commiunication.

‘Among those interested in the subject' we find people with quite varied:

backgrounds, from the social scientist concerned with-sociological and
psychological issues, to the mathematics educator concerned with teach-

-ing basic mathematical skills to the resedrch mathematician concerned

with creativity.at the Ph.D. level. With such. diverse perspectives,
some misunderstandings are inevitable. In the interest of minimizing
these differences, and fostéring motre dialogue between the mathemati- -
cian and the non-mathematician I'd liRe to play the role of a gadfly
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“for a moment, and indicate some of the questions, doubts, misgivings
suspicions and anxieties that some mathematicians have expressed to
me about the recent surge of interest in 'math anxiety._ P

‘Fact: Large numbers of students are graduating from high ‘5chool

as mathematical illiterates. In part1cular, a scandalously small pro- .
portion of-women entering college are prepared to take the basic .

beginning science courses in calculus physics, chemistry or engineer—

ing. Just when we netd to get back to basics, will d1scussions ‘about . .
our feelings towards fractions be one more frill. which diverts students '
from courses with real content? Will the time and energy devoted to
the issue further dilute the basié core curriculum? Will these programs
quickly and effectively channel the mathematical drop—outs back into a
serious and demanding course sequence?‘

2
B - 3

:

o

In regatd to the well-known dearth of women in disciplines”depend- -
ing on mathemat1cs,~w1ll "mathematics anxiety" serve as.still’ gne more R
cop-out that women may use to Justify why they do not persevere ‘and B
excel -in: mathemat1cs7 Thus while these programs may make many women
aware of their avoidance behavior, quite possibly because-of undue -
anxiety, there is also the .danger that there will be others who will.
find still one more rationalization to justify-opting for less demandlng oo
courses, . I'm sure there are women' (and also men) who do need encourage- -
ment "and . reassurance that they can-handle fractions., I'm equally sure‘ﬁ‘p'
there are other women who will find this a particularly irksome form of ’
sexism—a paternallsm which fosters very limited aspirations. L

Of course many men exhibit ‘math . avoidance.. There are plenty of.
male loafers at college, who enjoy a university life consisting mainly
" of surfing and: beer parties. I'm sure many fathers have given their
sons some very tough ‘talks:, "I'm tired of you trying every soft coursé
“and easy ‘grade you can find. I want to kndéw.what yod plan to do:with. .
yourself when I stop supporting you. What .are you going to do for a.
living? How are you going to support a. family” I don't want to see .. .
any more basket weaving courses.: Figure ‘out what you want-to do in’ ) .
life and then.get your ass in gear.! Young men get this kind of tough . R
advice because in our.culture every man is expected to be the primary ‘ . '
.financial support of the family unit. But how many fathers or mothers,
or teachers,; or céunselors would take such an attitude towards women
students? An eclectic program of diverse courses with no career orien- o
~ tation is accepted ‘because there 1s that unwritten assumption that the =~ =~ .
basic economic support will still come from a husband. How many parents T
are ready to ‘get equally tough with their daughters:  '"Don't get your-
self in that traditional bind where the ‘quality of your life depends -
sentirely on a possible. ‘future® husband. Now ‘is the time’to determine g
exactly what you want to accomplish with your life, independently of L
any present or future relations with men. Then persevere in mastering . o
the basics of your -field, and move onto higher achievements. You can’ ; '
*do it. Let s not hear any more of those tired, lame excuses—1like it it's
cﬂ‘;not feminine to succeed—or ‘that you are too timid to ask questions—or
"~ . that women have no” need to know algebra--- or even that you, have some
- kind of psychological blocK——you do have:the ability. Don't let it go
‘to waste — Take hold of your: life — Get on- with it., oo :

v 2 oy
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I am not saying this kind of "get tough™ advice is appropriate for
all women—just as it is not appropriate for all men. But many young
men who have perhaps dallied too long with surf boards and rock music,
do get this kind of strong talk—from their fathers—from their teachers
—and sometimes even from their friends. Our concern with anxiety, fear
and insecurity should not lead us to exhibit any lower expectations for

‘our, daughters than we have for our sons. As teachers, let us m1ke no

fewer ‘demands of our female students than we do of our male stLients.

Often anxiety is to be anticipated in intellectually demanding
situations.; I was anxious when. I'was writing this paper, and T am

N

‘anxious now as I present it. Both women and men must ‘come to accept

such occasional.anxietiesvand not let them become debilitating. The
aim should not be to avoid all anxiety-producing situations. Indeed

-it 1s just such avoidance behavior which has caused many people to

gkirt all. mathematics courses. Rather let us learn to understand those
anxieties, to c0pe w1th them, and ‘keep them in proper perspective,

There are mmny mathematicians who are observing these various
innovative mathematics anxlety programs, and who are trying to eval-
uate them with an open mind. For most of them the primary criterion
is whether these efforts result in a significant increase in parti-

f«cipation, particularly by women, at all stages of mathematical and é

scientlfic education and employment. § R

I, for one, am convinced that these programs can be beneficial,
not' as a panacea, but as one component of a total program-.aimed at .
increasing female representation in the scientific and technical
fields. - -

Y
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SEXISM IN MATHEMATICS TEXTBOOKS

(Some Observations and Suggestions)

: William H. Nibbelink and Matadial Mangru

There are several strategies which might be used for eliminating

sex~bias from mathematics ‘textbooks. Among’ them are (1) largely remov- .

" ing references to persons, (2) using: gender-free labels ‘when referr1ng ‘ . /

to persons and (3) using equal numbers of .males and females randomly , /
assigned to roles.. When it comes to ridding curricular matvrials of :

sex stereotyping, mathematics enjoys a luxurious position in 'at almost /,

all story problems 1nvolving people are about ficticious characters., /

Thus, if something should be done, it could be accomplished by a single /

mandate from a managing editor. ' ‘ /

The purposes of this ‘paper are. (l) to examine trends. in textbooks /
over the past half century, (2) to"discuss the nature of the sexism ~

that persists in textbooks and (3) to suggest the strategy for eliminat-

" ing sex-bias from textbooks which holds the most promise. ‘

. To find trends relative to story problem practices, five periods

are examined: (M-30s) the middle-1930's, (ﬁéSOs) the middle-1950's, /
(M-60s) the middle-1960's, (E-70s) the early-1970's and (L-70s) the /
late-1970"'s, Data for each period are ,based on the. three series which /
enjoyed widest classroom usage by children in Towa during*that period _
Thus, copyright dates for a series would usually be a few years earlier -
than the corresponding period under study. For example, L-70s would- be
concerned with books having middle-l970'° Copyright notices. Attention
is also restricted to grades 3 6. -

Each entry in Table 1 gives the number of problems (by period and | :
classification) that a child could -expect to find in his/her books cover—
ing grades three through six. For example,. the entry 223 for "male in
male role" in the "M-60s" comes from 62 such third grade problems, 60
four:% :rade problems, 51 fifth grade problems and 50 sixth grade prob-
lems. ‘he bottom row, labeled "sex-role mismatch" presents for earh |
peric: che number of problems a child could expect to find in which | -
either a male is placed in a female role or a female is placed im = &ale
role. Which role (male, female, or neutral) is assigned to a prohxem
setting is determined by which persons typically hold tbe position j :

" named or engage in the activity described. For examples, baking a cherry
pie is classified as female role, driving a gravel truck as male rcie,-
and buying a pack of gum as neutral role, In some cases, it may te.
interesting to the reader to think of three periods. The first two
columns (M-30s and M-50s) may be viewed as samples of the "Old Hathf
period, the next two columns (M-60s and E-70s) as samples of the "New
Math" period and the last colum (L-7Gs) as a sample of the *Early
Aftermath" peried. , : '
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Table 1

Distribution of Story Problems for Five Periods for Grades Three
through Six Based on the Three Series with the Widest Usage

36 .

in Iowa
T ______ —Period- —
Grades 3-6 M-30s ‘M=50s" M-60s. “E-~70s 1L-70s
‘Total Number 2640 - 2225 1632 1641 1357
" Not About People 869 995 625 748 836
_About People 1571 1230 1007 893 521
" About' Children 1399 . 1087 . 785 663 328
About Adults 172 . 143, 222 230 193
'About Males Only 915 677 563 480 273
About Females Only 504 421 © 340 381 215
About Both or Either 152 132 - 104 32 33
Male in Male Role 332 271 223 253 145
Male in Female Role 32 10 3 0 -9
Male in Neutral Role 551 396 337 227 1i9
Female in Female Role 249 186 133 138 57
Female in Male Role 4 4 5 2 21
Female in Neutral Role 251 231 202 241 . 137
Sex-Role Mismatch 14 8 2 30

Several changes over the time span sampled by Table 1 are conspicuous:

~The number of story problems has been cut by almost half as

The number of problems not about people has remained fairly

constant, while the number of problems about people has been
cut by about two—thirds, as shown by rows 2 and 3.

The number of problems about adults has remained fairly constant,

while the number of problems about" children has been cut by about

1.
- ghown by row 1.

2,

3.
three-fourths,

4,

as shawn by rows 4 and 5.

There is a trend toward even numbers of males and females in

problems, as shown bygrows 6 and 7. (Row 8 accounts for préb-

-lems in which the genders of persons are not specified or in
which both males and females are portrayed.

problems involved

neutral roles.)
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5. .There has been and still is a relatively low frequency of
males in female roles, as shown by rows 9, 10, and 11. For
L-70s, the child who looks at all problems in-the math books
over grades 3 through 6 may expect to find a male in a female
role about once every four months._

)

6. There 1s a recent increase in the number of problems which
place -a female in a male role, as shown by row 13, However,
the number could hardly be called high. The L-70s child who
looks at all problems in the math books over grades 3 through
-6 may expect to find a female in a male role just.over once . -
every two months..' o '

7. In summary, the reluctance 'to cross traditional role boundar—
ies, while less than before, i1s still evident, as shown by
) row 15.

-~ The data presented by Table 1 show that to a substantial degree both
the number of and the proportion of problems which might be.of interest
to a committee concerned with sex stereotyping have been reduced. " This
results from fewer problems in general, people being replaced :by little
birds .and other animals whose feathers or fur defy assignments of gender,
and by a recent wider usage of presenting story problem information by
plctures and diagrams. . _

Ifit is assumed that the number of problems in books today 1s ade-
quate, and that in prior times children were merely assigned a representa-
tive sample of problems in.books, then Table 2 gives a clearer picture of
practices and trends over the periods under consideration., Table 2
presents the percentages of problems’ falling into the various categories
for each period. - )

Obvious from Table 2 are the following statements regarding the
Eroportions of problems in given categories to all problems-

1. Problems about people have.decreased and problems not about
: people have increased substantially. '

2, Problems about chlldren have decreased and problems about
~adults have increased.

3. Both problems about males only and problems about females
only have decreased, but the ratio of females to males is
approaching one.

4. Problems presenting a sex-role mismatch have 1ncreased but
remain far short of showing a random assignment’ of sex to
role.



o _ Table -2
Distribution of Story Problems for Five Periods for Grades Three
through Six
(Ent les are percentages based on all problems)

- - Period——————==——

00NN

Grades 3-6 - M-30s M-50s M-60s  E-70s . L-70s
Not About People 35.6 - 44.7 38.3 45,6 61.6.
About People . . 644 55.3 61.7  54.4 38.4
About Children : .57.3 48,9 48, 40.4 24,2
About Adults 7.0 6.4 13.6 14.0 14.2

 About Males-Only 37.5 30.4 - 34.5 29.3 "20.1
About Females Only 20.7 18.9 20.8 23.2 15.8
About Both or Either 6.2 - 5.9 6.4 2.0 2.4
Male in Male Role 13.6 12.2 13.7 15.4 10.
Male in Female Role 1.3 - 0.4 0.2 © 0.0 - 0.

- Male in Neutral Role 22,6 17.8 20.6 13.8 . 8.
Female in Female Role  10.2 8.4 8.1 8.4 4.2
Female in Male Role . - 0.2 0.2 0.3 0.1 1.5
Female in Neutral Role - 10.3 10.4 12,4 14.7 10.1

0.6 0.5 0.1 2.2

Sex-Role Mismatch 1.5

1f it is yet further assumed that only problems about people  are of
any interest and that the.ratio of such problems to all problems is not
related to the question of sexism, then. Table 3 presents the clearest
picture of textbook practices. Table 3 deals with the same information,
but is restricted to considering only those problems about people.

Given the assumptions to.make Table 3 the appropriate place to look,
the period which clearly shows the least sex stereotyping is, happily,
the L-70s., However, textbooks still have a long piece to go in order
to be rid of sex stereotyping. Making yet another assumption, namely
that.-the ratio of male role problems to female role problems shown by
L-70s is acceptable, Table 4 shows how much change is still needed.

Tabtlée 4 presents the "actual" and the "ideal" for the L-70s, the "ideal"
bedng-what should result from randomly assigning equal numbers of males ’
and females to the roles given by the problems,

168;



Tabiie 3

Distribution of Story Problems for Five Periods for Grades
' Three through Six
(Entries are percentages based cn_E_prems -about people)

. St ——— : Period-——- —_——
Grades 3-6 I M-30s' = M-50s M-60s E-70s L—70s-
~ About Children 89.1 88.4 - 78.0 742 - 63.0
“About Adults ' 10.9 - 11.6 . 22.0 25,8 - 37.0 °
About Males Only '58.2 55.0 55. 53.8 52,4
About Females Only . 32.1 “34.2 . 33.8 42,7 41.3
Abcut Both or Either 9.7 10.7 +10.3 3.6 6.3
" Male in Male Role - 21.1 22.0  22.1 '28.3 27.8.
Male in Female Role’ . 2,0 . 0.8 0.3 . 0.0 1.7
Male in Neutral Role = 35.1 32.2 33.5 25.4 22.8
Female in Female Role  15.8 15.1 13.2 15.5 10.9
Female in Male Role 0.3 0.3 0.5 - 0.2 4.0
~ Female in Neutral Role 16.0 18.8 20.1 27.0 26.3
) - Sex-Role Mismatch 2,3 . 1.1 | 0.8 1 0.2 ' 5.8
- N . ' .
. , O : , o .
Table 4

Actual ‘and Ideal Assignments of Persons to -Roles for Grades
3-6 Based on the Three Series with'Widest Usage in Iowa
in the Late '70s - -
(Entries are percentages based on problems about males
: only and about females only)

<&

Actual ) . Ideal

_ About Males Only 55.9 50.0

About Females Only. : 44,1 50.0

Male in Male Role 29,7 17.0

Male in Female Role ‘ A 1.8 . 6.8-

Male in Neutral Role - 24.3 26.2

Female in Female Role 11.7 6.8

. Female in Male Role 4.3 s 17.0

Female in Neutral Role 28.1 . 26,2
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Given a4ll the assumptions to make Table 4 the appropriate place to-
. look, there clearly remains a reluctance to place males in female roles
or .females in male roles, This may be much more a matter of concemrn
than the fact that textbooks have not generally presented equal numbers
of males and females, since. this protecting of role-boundaries is the
kernel of the sex—stereotyping problem

,Of the three strategies mentioned in the first paragraph of this
'paper for eliminating sex-bias from textbooks, the choices made are
. fairly clear. Heavrly used is the first choice, removing people. o
Hesitantly approached to a _very modest degree is the third, the random
assignment of equal numbers of males and females to roles. o
The second strategy mentioned, while not much used. by textbooks in
.children's hands today, deserves attention here. because a number of :
publishers and leaders of the movement against sexism are,strongly
suggesting its use, Is the use of ‘gender-free labels a wise choice?-
The following experiment (study) ‘is reported here to suggest that the
practice of using gender—free labels may be considerably less than
_desirable. ,b
"Four verbal problems were presented to each of 20 pre-school
ch11dren, 20 fourth graders and 20 eighth graders. In each age group
there were 10 boys and 10 girls, Problems were presented to one child
at a time., Each problem was read to the child with a subsequent request
_ that the child respond to a what-should-the-person-do question or to a
how—should—the—person—do—it question. All problems used gender-free ..
labels. .Each child received two problems involving persons in male.
roles and two problems "involving persons in female roles., The follow- '
-ing sample problems are accompanied by information on which age group
received the problem and on which role (M or F) was assigned to the
. problem, - !
1. A tree-surgeon is a person who cuts sick branches out of
."trees. A treewsurgeon is very high in a tree.,  Suddenly
‘a swarm of angry bees begins flying toward the tree. What
should the tree-surgeon do? (pre—school' M)

2. A secretary can type a page in five minutes. The secretary
wants to know how much time is needed to type eight pages.
How should the secretary find the answer? (4th, F)

3. A beginning sports announcer made 12, grammatical errors on
Monday, ‘10 on Tuesday and 2 on. Wednesday. 'To find the
average number of errors made per day, what should the
sports announcer do? (8th, M)

4., A school librarian noticed 12 books were stolen on Monday,
10 on Tuesday-and 2 on Wednesday. To find the average
number of books stolen per day, what should the librarian
do? (8th, F).



Most children: began each response with ﬁhe should..." or ' she

should..." . A response was classified as . a gender—role match" In the

case of a consistent use of third person ‘masculine with a male role or

~of third person ‘feminine with a female role. A response was classified Coee
as a.''gender-role mismatch" in case of a consistent use of third person
feminine with a male role or of third person masculine with a female

role. A response was classified as "vague" if no pronouns were used,
plural pronouns were used, a mix of pronouns not in agreement was used

etc, Table 5 shBws the results.

Table 5

Assipgnments of Gender to Role for Problems Using
Gender-Free Labels
(Entries are percentages)

. _ - - , Gender—Rolelj : Genaer—Role v_Response ’
- ' Match Mismatch -~ - Vague
Pre—School : . | 71 o 9 : r 20 -
" 4th Grade , f | -81 ) | 6 | f3 |
’ 8th Grade | 79 L. 2 19

Of special significance is the fact that all responses giving a
gender-role mismatch were gained from problems involving’ the roles
- doctor, bus driver and coach, all roles for which the community had
enough highly visible models to both make the  community atypical and
call into question the investigator's assignment of roles to these
occupations. Thus, gender-role mismatches were observed only for roles
which were close to being neutral roles on the basis of who held them
in the community. It is therefore hypothesized that the use of gender-
free labels tends to result in the child's assigning genders to roles
in a way consistent with what the child's- community exhibits. Furthermore,
it seems reasonable to assume that an association is strengthened each
time the child assigns the same gender to a role. If so, the use of
gender—free labels tends to preserve whatever sex stereotyping exists
in the child's community. Briefly, the use of .gender-free labels at best
" avoids the issue and at worst contributes to the problem, .

In summary, the positions taken by the writers are the following:

1. Sexism in textbooks prevails, now mainly in the forﬁ of a
reluctance to place males in female roles and females in.
male roles.

2. _Removing people from textbooks, which has been widely done,
eimply avoids the problem.

o,




The use of gender-free i;bels at vefy_best avolds the problem
and may contribute to the problem of sex stereotyping.

‘The way to deal with the problem is to use half males and

half females randomly (or at least nearly so) assigned to

" roles, Doing so’ just might make a difference over the

ten or more years a child studies mathematics. We'll not
know without trying, and we haven't tried yet.

/
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' MATHOPHOBIA: A MINI-COURSE. FOR THE MATHOPHOBIC

Ruth Afflack

Sex—role stereotyping in mathematics has been influential in
detering women from entering the field of mathematics, This is illus-

" trated by the covers of two versions of the ‘commercial game Battleshlp.

This game is played on a grid representing the Cartesian coordinate
system.  In the original version.of Battleship, thz cover showed a.
father and son playing-the game while in the background the mother and
daughter cheerfully did the dishes and observed the play. The 'more.

e

' recent cover shows only a_girl and boy playing Battlesnip. -With the.

‘earlier role. model it 'is not surprising that women avoid mathematics.

.8

" As women begin ternter’non-traditional fields, those who previousl&

~avolded, mathematics, considering it unnecessary for their potential

3

careers, now ;,alize the necessity for mathematics in their careers. oo
Frequently the avoidance of mathematics in high school, when mathematics
bedomes optional, causes women to feel mathemat.cally incompetent or
actually fear mathematics. Presently courses and programs are being-
developed to combat this insecurity in mathematics, particularly among
women. One such course, Mathophobia, is taught as an intensive weekend
offering through the.Extension Program at California State University,
Long Beach. o - ‘ o a

Women and Mathematics, .the Problem and Effect

For years women have entered "traditionally female" occupations )
such as education, clerical work and the helping professions. Even as ‘ .
‘women became aware of possible admittance into other non-traditional '
fields, they were still entering the traditional fields in college.
In 1972 sociologist Lucy Sells surveyed the entering University of
California, Berkeley first-year students and discovered that 57 percent
of the men as opposed to only 8 percent of the women had taken the
necessary ‘high school mathematics required to major in areas outside .
of education and the helping professions.1 , : -

By avoiding high school mathematics, women have limited their
educational opportunities and career options. As society becomes more
technological, and computers infiltrate every aspect of life, women who
lack‘confidence with mathematics are barred from advancement or prevented
from entering the more lucrative fields. A number of women who have
written me concerning their perceived mathematical inability and accom-
panying fear of mathematics are completing advanced work in otkrer

e

1L. W. Seils,v"Critical Points for Affirmative Action," in Toward
Affirmative Action #3 (Autumn 1974). New Directions for Institutional
Research, edited by L. W. Sells, Jossey-Bass, San Francisco, California.
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' ing her goals. o , :

o .

disciplines' yet they still feel they cannot 1earn mathematics.'
Remedjal review is not what is needed for these women, rather 'an
opportunity for them to explore mathematics as a creative discipline
and overcome their anxiety. :

% . Women., who are trying to advance in the: business world are con-
fronted with obstacles related to mathematics. One mathophobic _
student from the television industry who was' a strong supporter of
women in her profession, lacked the confidence in her own mathe- )
matical ability, Simple mathematical problems such as calculations

-involving percents appeared to block her ability to consider the

overall project and her advancement depended upon competency with
budgetS. Again math anxiety prevents this type of woman frofi achiev—

3

As women become more aware of career, optlons in mathe- : P

matics,” science and engineering, they realize the importance of a:
solid foundation in mathematics. With the recent trend_toward a more .

technological society, many academic disciplines are requiting more . &

mathematics. Computers are being used in such areas as History and

- English. Libraries are being reorganized through ‘computers. Social

and behavioral science fields are incorporating statistics as prere-
quisites for their courses. A faculty member applying for a grant

"through the Califormia- ‘State University and College system must complete )

a computer search. .Prior to submitting a proposal. ‘It is becoming more
difficult for persons unComfortable w1th mathematlcs to survive in -
society today. . -7 e
Women re-entering college are finding,their-lack of mathematics =
preparation a handicap in their new'college careers. The psychological

_effect on these women is devastating when they confront.mathematics.®

without confidence. -A woman in one of my classes confessed that‘members

. or her family, who were employed or were students in engineering, had
. 1ittle respect-for her because she ' couldn t do" mathematlcs.

At my university several women faculty have privately expressed "
interest in my course while. indicating they probably could not be
helped. One friend has jokingly suggested I dccompany her to a family
dinner so that I could argue with her brothers in engineering and busi-
ness who claim she is not logical.. This woman is a professor of English.
In teaching composition” she 'shows her students how to clearly organize
ideas and defend a thesis; still she is convinced she cannot 1ogica11y
defend her position in the family debates., :

. Today women recognize the need for mathematics. That boys, not

.girls, are expected to take mathematics and do well is a situation which

may be changing., But women who lack a mathematical background, whether
because of societal or peer pressures, negative attitudes and experience,
previous avoidance or an induced feeling of mathematical inadequacy, are
demanding an opportunity to overcome “their math anxisties. In res onse
to the article on "Math Anxiety" by Sheila Tobias in Ms. Magazine,4'I
have received over 300 requests for help from anxious women and from-

g

2Sheila Tobias "Math Anxiety,"’Ms. Magazine (September, 1976).

e .
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educational institutions. It is the responsibility of mathematics
educators to provide solutions for these women.

i

Deyelopment of the Mathophobia Course

‘the classroom. . o . . , o

of the intended student. . o

The ideas for. my course Mathophobia evolved over a period of years,

zbeginning with my participation in the SEED: (Special Elementary Education
. -for the Disadvantaged) Project. . Under the direction of Bill Johntz, this
- program placed mathematicians in elementary classrooms for short periods

daily to motivate students by using the discovery method of'teaching
mathematics.. The»curriculum was open-ended, dependent primarily upon
the teacher. . This was my introduction to the inquiry approach to teach-

ing mathematics and to the use of. mathematical games and activities 1%

Simultaneously, while participating in SEED, I was teaching a course

on mathematics for elementary teachers at California State University,
Long Beach in a‘traditional manner. I realized I was not reaching the
prospective teachers in my class at CSULB but I was turning on the
elementary school children in Watts: Therefore, I began to alte; my
University course to include mathematical materials and activities which
challenged the prospective teachers while giving them useful models for

‘their future teaching.

o =

As I continued to develop new ideas, my - repertoire expanded until I

-had enough material for a separate one-unit course for mathematics
- teachers, elementary and secondary, When mathematics graduate students

and faculty participated in the fiuvst offerings of the course, I realized
the potential use of thﬁs type of mathematical activity, :
During a: -discussion’ of possible mini-course offerings in Women s

Studies, I responded positively to an 1nquiry about a mathematics course
for women who had avoided taking mathematics courses, These women: who
now needed mathematics fo& requirementsin their major had developed a
fear of mathematics, Responding to these needs, I felt I might incorpor—
ate some of my mathematics projects into a course which would encourage
college students, -particularly women, to take a mathematics course, The
first offering was titled "™Math for Ms," which. was later changed (not ‘at’

‘my suggestion) to "All you wanted to know about mathematics but were

afradd to ask for fear .of failing." Since the later title  sounded too

. encompassing, I renamed the course ”Mathophobia to attract the attention

'

i
h

"Although Mathophobia is not a proper designation, when accompanied.
with the course description, it conveys the intent of :the course, which

.1s to help students overcome their fear of mathematics, develop their

mathematical competency and appreciate the challenge of the subject -

mttero . . b

Contributions from Personal and Professional Experience®

When constructing the Mathophobia course I reflected on my own

‘reasons for choosing mathematics as a career, First, my father ‘was a

mathematician., Our family entertainment frequently consigted of
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mathematical games, My confidence in mathematics had developed through
an understanding and appreciation of the subJect before I entered school,
even -though I do not recall ever being taught mathematics at home. My
positive attitude resulted from the family activities, in which mathe=

matics had been fun. Interestingly, my brother changed his major during

his freshman year from engineering to music, my mother's. specialty, while
my sister and I pursued mathematics. ~
From my experience with encounter groups du: ; the Vietnam era, I
- learned that successful groups were organized arc..ud a comstructive pro-
"ject. Support alone, without cooperative activity, did not bind the
group nor sustain the members outside the group. This influenced my,
thinking about the mathophobic students:  why not create a supportive

environment in wh1ch students would be involved in doing mathematics oo

cooperacively? - o
As a teacher, my background had also provided insight for teaching
mathophobics. After participating in Project SEED I had changed my
methods of teaching mathematics. There were no wrong answers in the
SEED classes. Games and activities were employed to teach basic concepts
of mathematics. Much of the success of the program had come through an
improved self-image. One particular example comes to mind. 1I'll never
forget Edward, a second grader, who had not had. positive recognition in
his class.’ When playing a simple game using paths on a grid of numbers,
Edward was able to point out .the answer even though he had difficulty
writing his name or numbers.™ After the game was renamed "Edward's game"
and Edward became the teacher, Edward changed dramatically, his hand
wwould be raised almost as soon as I entered the room. '
I had extended the use of games and mathematical activities to -the
teaching of mathematics for elementary teachers. These students often
disliked or were afraid of mathematics. With negative attitudes toward
mathematics, they avoided taking more than the required classes in mathe—
matics and procrastinated in taking those classes. These students could
be quite specific about the onset of the mental block im mathematics.
On: such student told me that her inability to do mathematics dated back
-to the day in fifth grade when her teacher, who had on a red dress, hit
"her with a ruler.

The use of games with the prospective teachers not only helped to
" break down their apprehension about mathematics by showing them that 3
mathematics could be fun, but provided them with material applicable -
to their teaching. As future teachers, it was important that they have
positive experiences with mathematics so that they would not carry their
insecurity'and dislike into their classrooms. Also, once the resistance
to mathematics is overcome, they gain confidence in the subject.matter
and enjoy mathematics, My primary .goal was to change their attitudes
8o they could learn mathematics.. This certainly was applicable to
mathophobics. - ‘ B Co '

Our University as part of the California State University and
College System had implementeéd an EOP (Educational Opportunity Program)
which allowed a percentage of students, usually minorities, to enter
«n College without the necessary entrance”requirements Similar to the
~ -results reported in the Sells study of women at Berkeley, these EOP
students frequently do not have the proper mathematics background to

U, ' Lo -76‘ 5
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'Pﬁilosdphy of Course

\ o o

be eligible to take a beginning intermediate algebra course., Without
algebra EOP ‘students .were excluded from many academic areas. There-
fore, I developed a special algebra section, primarily for EOP or
returning women students. Besides being understanding of the mathe-
matical backgrounds of these students, I was spend}ng .class time
encouraging them to overcome their "I can't do it'" syndrome, Their
self-image improved.  In class, 'doing" mathematlcs .was stressed with
individualized and peer group assist nce. They learned to.read mathe-
matics. The cooperation—instead of competition—among the students in
the class makes the class unique,. It is usually the only class. I teach -
in which students do not 1eave the room until the next class is about

"~ to begin,

. With -this’ background "in teaching ‘students who 1acked confidence
‘and a proper background and who disliked or feared mathematics I was

"willing to attempt a class for Mathophobics. The focus in the matho-

phobia class would be on "doing" enrichment mathematics’ rather than'

- dwelling on the students' wéaknesses or teaching remedial mathematics.

If these students could overcome tpelr anxieties, then they could take
the necessary mathematics coukses,

- -o' N .

‘Course Description’ S

Mathophobia is a coursé for students who feel insecure with mathe-

_matics, either because they have avoided the :subject or have built up a

fear of mathematics. Through the use of games, puzzles; and mathemati-
cal activ1t1es, a’variety of’ top1cs are introduced which show that
mathematics can be fun as well-as challenging. After identifying and-
analyzing a given problem, students apply problem~solving techniques
and then generalize the relevant mathematical concepts, Mathematics

<

© is’ learned by "doing." .To overcome -their fears and gain mathematical

confidence, students work in a supportive environment e1ther individually,.
as:-a c¢class, or in smalI groups, '

)

.

~ Although the course is titled Mathophobia, the purpose is to help
students alleviate their fears of mathematics. Primarily the goal is
to expose students to-a variety of topics in mathematics in a supportive
environment . Through the use of games and activities, ,students feel more
comfortable with mathematics. .In analyzing the puzzles or problems,
logical reasoning and problem-solving strategies are introduced. Given
a problém or game, students forget -that they cannot "do" mathematics. -
The involvement in the activity along with support from other students
with similar ‘mathematical deficiencies helps students recal] their ‘math
and gain confidence., . .

. A supportive environment is crucial in the teachiag of this class.

‘Beginning with the initial discussion of why they are taking this

class, students are encouraged to work together, talk to each other
during class, and ask questions at any time. Students must be encour-

- aged to admit their weaknesses, If they don't know how to add .fractions

.
-
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“for instance, they may interrupt the class or ask their classmates or
an instructor for help. " When students feel uncomfortable, they may
take a break (go for a walk) or go tc an area in the room where there
are books, games and activities, Students should feel free to leave

8 threatening situation yhenever necessary. It is the openness of the
.classroom, the active participatiun and support of other students which

o ~

Vefps alleviate the fears.

“

: Mathematics is not for spectators: even visitors in the Mathophobia
. . class participate. Learning mathematics requires active invciverwint, not
» _  passive listening. Especially in this class, students are encouraged to
" question and "do" mathematics,

’ Pattorn recognition is one emphasis in the class, Students are = .
frequently asked to "look for the pattern." So often in matheuwatics
classes, atter examples are given, students are asked to solve analogous
‘problems by following a generalized pattern.

' Guessing iis encouraged. Often students are afraid to take the -
init1al step in solving a problem. If they.can at least guess an
_answer, there is a starting point. Also, a guess - cannot be wrong,
-and it helps the student get a feeling for the problem while taking
the first step.

s

- Logical reasoning is fundamental to most mathematical problem
‘solving. Logic games.are played where students must verbalize their
e...reasoning.’ 'Throughout the course, the reascps are asked for——which
allows the stuients to recognize similar reasoning patterns

S

L Problem solving is seldom taught. MathOphobic students in partic-.
ular often feel that mathematicians somehow know the correct formulas
and can write solutions directly. Mathematicians must have magical

M"insiglt," as one student wrote, Problem-solving strategies are dis-
, ~" cussed tHroughout 'the course and not covered just as-a special topic,
- . a8 ‘is frequently done in high school algebra in the unit on word
problems. It is exciting when students try a problem—solving technique
'on a new type of problem and it works.

- A short take-home problem set is given, after a similar practice
P _"set 1s gone over during the last class session. Since one of the
.7 - objectives of tl.e'course is to.build the student's ¢rmfidence, the
" take-home assignment on which they can get help gives them the oppor-
tunity ‘to try mathematics on their own. Students get positive feedback
'whep they. show the problems to someone eISe, since they at least have
' an. understanding of what the problems require for a solution. Knowing.
' they can. attack a problem by themselves, even if they don't find the'.
'best solution, is a positive experienCe for ‘mos?% Mathophobic students.

N . o . o .

R Class Structure . o i

‘ ’ The course consists ‘of 'a var iety of topics in ma*hematjcs, each
,Qigtroduced by a game, activity or puzzle: In the ideyl situation, a
" short quiz is given at the: conc]uslon of each toEic. Students may

- . h
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work together or receilve help on these exercises, er"& reinforce the
basic concepts while providing feedback of * ~udeni3' progress and
exposing any weaknesses in their mathematic z:. lities, -

_ Since the backgrounds of the students . ,uite diverse, as are
their expectations of the course, it is made clear at the outset that
the ccurse~will not include a thorough presentation of any one partic-

ular £ie¢id of matr “2s, The exposure to a wide variety of |
mathematical ide~ »ss the emphasis to be placed on "doing mathe-
matics.” ' o

In summary, the class is conducted as openly as possible, ‘StJdents
sre encouraged to ask questions and discuss their ideas with other
stadents, Materials and games are available in fhe room for students
te explere. Mach of the activity involves hands-on materials whicp '
the sztudents share in small groups. If students' questions indicate a
mepad oy deslre to review certain aspects of mathematics, such as lel—
slon of fractions, either the material will be covered by the class or
an assistant will work with a small group of students. /

&t the beginning of the first class meeting, those present (includ—
ing faeulty and student assistants) introduce themselves and tell why
. they are in a mathophobia class. The enrolled students are asked to
indicate their mathematical backgrounds and any specific mathematical
ﬂeeds, inciuding courses required for their major.
- I

' The students' faars are not dwelt on during class: the emphasis
is on creative mathematics. If during the session a student's anxiety
. builds up over a specific topic, that person knows there are options:
‘3 person can share, her/his. feelings with the class, can feel free to.
take 'a break, can ask for individual help or can join with others in
working on the problem. . f

Guessing is encouraged since it is critical in this claSS. Often
adults tend to be intimidated; they are afraid to let go, make 'a guess,
" or try an unfamiliar approach. Function machines assist in encourag-
ing guessing since the answer cannot be wrong until the "rule" of the
machine is determined (see Example 2a in Appendix B).

. Studentd are requested not to call out answers; so that all -
students have an opportunity tc "discover” the solution. Also specific
answers are frequently not provided, rather hints are given or similar
problems explained. This procedure helps students.to persevere to find
the solution on their own or with a group v . S

By learning problem—solving techniques, much of mathematics can be
demystified. For instance, students recognize thdt mathemati¢ians also
use trial and error in solving problems and do not merely produce .
results with mathemdtical insight. One student, on a take~home exer-
cise, kept on trying to solve a pouring type problem; she didn't giveup.:
After 21 steps,, she found a solution. Elated she called her husband at
work, then went back and reviewed her work to determine where she could
eliminate steps to produce the desired seven minimum steps. For her
this was a real breakthrcough. '

-79-

§3

ey



Besides the topic quizzes, there are class projects,. numerous
7optiona1 handouts for individual or greup work and two  take-home
problem sets, one a practice set, Students have been asked to write
a paragraph on their feelings, whether positive or negative, about
gome incident or topic in the class about which they felt elated or
frustrated.

The enthusiasm in the class is eontagious " This response comes
from the cooperation between students, assistants and faculty. The
common factor which binds the class together is the insecurity with
mathematics and the creative energy generated from constructive involve-
ment. As frustrations rise, they are frequently overcome through mutual
support and willing assistance. Students deal first with their own
mathematical problems, then when they understan.’ 3 concept, they in turn
. help others, As one student said, "There was a common denominator in
the fear and panic most of us felt about math in varying degrees. May-
be that replaced a feeling of competition with a feeling of cooperation
--gort of a group spirit,”" :

The best way for me to share with you the effect of the Mathophobia

course is through the students' own words. Here are some direct quota-
tions: : ‘

When it was over, I realized that along with the right answers,
I was understarding concepts, It wasn't just mechanical.

I never realized before that one could look at patterns. #n
this respect math is no different than any other discipline'
e.g., psycheclogy, philosophy, etc. It's a way of 1ooking at
problems, ot just those involving numbers. This was a reve-
lation ¢ e, :

I found I was enjoying playing with the problems, the way I
enjoy reading, I sat for what turned out to be three hours«
last week working on the logic puzzles——I checked the time
and I was amazed.-

kY

Alzo forming the geometric figures was an eye opener. I had
never grasped the concept of a 3-dimensional figure until I
made them out of the cardboard. .

Although I felt very frustrated in your "Mathophobia" class

a good deal of the time, I did realize that you were not going
to give me the answer, Faced.with the fact that I had to do |
this myself, I resorted to figuring out as many problems as T
could on my own. [On this person's take-home problem set, I
found the following: "I did it! I'm so excited—no one
helped me—1I sat down,, concentrated and did it!!"]

I 1likedthe whole approach of this class., It helbed me to seé™
the creative side of math, rather than always seeing il as a

jungle of formulas and numbers.

Theré_was a great sense of accomplishment when the mental bell
rang and I actually figured out two function machines by myself,
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I alwaysg fhought I was too dense to figuT® SOmething like
the functiop machines out—pyr 11y NOT DENSE and 1 can do
it. : '

I have always felt that Math ig pard and POTing, and my

- statistics. classes have givep me fits, S° I came to this
class for help with.no thought of enjoyment- I found myself
enjoying two Monda8y night claggeg.after begianing work at
6:30 AM, and giving up a fulj ‘garurday 209 telling everyone
that this was really a neat clggq,

Math has always beel an enigmy to me and MOSt of it still

is. I sti1l have difficulty gerring up 2%Y typPe of math :
problem, let alone SOlving it But thanks to you, I can nov
now see it can be tackled in 4 Step_by—step_fashion.

Ever since third grade I have been unable to do mu]_t_.J_p]_j_cat::x.mx_n
Even remedial math didn't help —Then yOU ®*Plained the peasiut
method—ywhat a thrill for me tq finally P® a@ble to do a muiti~
" plication proble®, 1O matter hoy glowlys 274 have it come out

right every time.

I feel that the mO8t positive j{dag I got from the cjass is
that a lot of math Success ig tprough t¥i8l and error amd
not giving up. L'Ve® Sometimeg had the feellng that per ple
who are good at math have sope pype of "M2&Ical’ ingjght inte
problem solving that I lack,

I think I finally See—because T {ouched the geoboards.—what
the area of a triangle is aj3 abocut. '

There wag a common denominator in the fear and pPanic mos” of
us felt apout math in varying degrees. Maybe that“replaied
a feeling of competition with 5 feeling °f CCoperation—sa7%
; of a group spirit.

I still have much tC learn—apng relearn-—PUt the apility to
approach new problems as intriguing puzzles to be figured

out wil] produce TeSULts that ¢pe paraIYZing fear I used to
experience never Could, I enjoyed the class and for the first
time in my 1ife I think math ig an enjoyable challenge.
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- APPENDIZ A

COuRSE CONTENT

-

ine, bY topics, contains sampPle games, activities and materials
used in the Mathzgtzbia class. Due FG the time constraints of a weekend
Coyrge an the zoverc“lar needs of a8‘glven class, all of-the materials
ligted are not E ®d in each offering of the course.

. This outl

A, 106GIC

Listing LOgic‘ :SS:vtOP;‘LC is not meant t»O 'j.,mply that logic should be

Qonsidered asd’thrgarate topic only. Logical concepts‘and reasening

are integrate ade f:ghOUt the course. Inference patterns followed by

arguments per? dié.r°ughout the sessions. yowever, specific examples

of conj“nctipgid stjunction: and negatlon are mentioned.along with the

Concept of V2 3tementg and conditional statements. Counter—examples
; . pecessary angq sufficient conditions are gxamined; and the

are goughts ) | >
bagic principié of hYPOthesis_concLUSlon 1s described and incorporated.

‘

7 . 1, éamés ) r?
a., Mas in Gardner! .
p. Martif O N S Paradox BoX‘
t o npieneS tYPe attyripyre games . | .
d Twenty duéstiong . h
" crypt-arithmeci;

.
2, apivities | |
Logic puzzles having 2-5 categories, each with several mempers.
In th%sg Euzzles’ a set of clues is gjyen, which when correctly
szely?ed D48 a unjqye solution (see Appendix A-la).

a.

ek

&?*‘Mf?zzées Consisting ©f & series of statements, only one
;Whl“nfﬂuur instance, is tTue (see Appendix A-1b).

2

e
g e

-k
W
FE—4

Qv

< ’ )
GoumteTLeLs cotn propiens USing o piven mumber of “eighing
on & Cale, o - .

4 Pouringd§r°blems in which, Perhaps, a fyll container must be
o evenlx Vided’ using empty containers with prescribed volumes.

y c. ‘Problemscin Whicﬁ a certain,C185§ of people always lie while
. another class always tell the truth, L ’

T . : : ) o . '
Again probl?? SOIZing should not be considered as an entity by itself.
‘Problenk%01yin$'ShrategieS and techniques are gpplicable to all topiés
and activities, this listing merely indicateg certain activities which

N - help 111u?trate Prob+'em‘s°1ving methods,

o s




.l. Games -

8. - Clue ‘ ' -
b, Think-a-Dot S
c. Matchstick puzzles o

d. Coin puzzles

e. Nim type games

2. ‘Activities . ' . i

a, Puzzles, such as Tangram

b. O'Henry type story problems

c.. Tricks, especially spatially related
d. Set breaking activities

C. FUNCTION MACHINES

Function machines are used whenever possible in the course to help °
s;udents organize data, recognize patterns and generalize concepts,
They provide an inductive approach to reasoning and benefit students

in understanding relationships., Function machines motivate students

to guess answers, since without sufficient information many answers are
possible, For example n“ + n + 11 is not a representation of a prime
number for all.'counting numbers—Ilet n = 10. Examples of the basic
function machine are provided in Appendix A-2, ) -

1. Games “and ‘puzzles

a, Least moves games, such as inVert a coin triangle
b. Brahman Tower Puzzle
c. Eight person jump .
“d, A n xn xn cube painted on the outside; identify the
‘number 6f smaller cubes painted on 0,1 2, or 3 faces

2. Types of function machines

_a,. Figurate numbers :
b. . Euler"s formula for polyhedra
c. Pick's Theorsm
d. Number of diagonals of an n-sided polygon

. @+ The handshzke problem an application

* £, Fibonacci steps and’paths

g. Name, words, symbols ,
h, Minimal number =% regions .points, intersections
i. String/paper cutting and folding

o

D. GEOBOARDS | o

The geoboard, a valuable "hands-on' mathematical aid, is a square
board with a lattice of pegs on which rubber bands are stretched,

. Students enjoy using the geoboards while formulating concepts of

measure. The idea of "measuring unit" is thoroughly discussed and
applied. Formulas are "discovered;" laws are illustrated; and defi-
nitions are clarified. Pick's Theorem using the boards is an excellent
function machine application. Students are startled when asked to con-

- struct a square with an area of 5 square units, An example of geo-
boards is included in Appendix B-3.
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" 1. Geoboard Activities

a. Guess oy figure in 20 questions
b. Count’ paths "
c. Geometric construction problems.

2. Concepts

a. fUnit measurement

b. Triangles- ‘type, area, perimeters -
c. Polygons

d. Algebra formulas, such as (3a + 2b)2

e. Pythagorean theorem

£. Multiplication, distributive law, fractions
g. Translations and rotational symmetry

E. COUNTING

The fundamental Principle of Counting is explained and illustrated
using tree ‘diagrams, ' Systematic approaches are devised for counting

- in the various activities.‘

1. CGames and activities’ . ‘ o °

‘A, Mastermind-codes
. Card tricks

. MYagic squares, cubes y
d. Folyominoes )
. 2. Abazus B
f. Kalal - ) )
2. Exercises and concepts- ‘ _ :

- a. z § = n(n+l)
i=1 2 . )
"b. Order relations S ‘ .
c. "How many" problems -
d. Permutations, combinations with/without repetition
e. Word-symbol funciion machlnes o )
f. Figurate numbers\ : ) S

F. ARITHMETIC - NUMBER THEORY ) .

v

Often students request a review of certain arithmetic operations, such
as fractions. Other algorithms are presented which intrigue students
whiie helping to explain our ba51c operations.

8

1. Games and activities -

a, Tricks using calculations, such as dividing a 6-digit number
abcabc, successively by 7 11, and 13=to obtain abe’

<

b. Decoding puzzles ‘see Appendix A~4
¢. Prime/Factor game derived from an article in Sc1entific
American by Martin Gardner - _ o~
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d, Cross rumber puzzles- :

e. Writing numbers from 1 to 100 using arithmetic operations
‘on a given set of integers

f. Complete the box puzzles

g. Numo

h. Numble

2. Concepts T, E

a, Equal addition methkod of subtraction

b. Duplication/mediation method of multiplying
.¢. Napier®s rods

d., Cuisenaire rods .

e. Operations with fractions
f. Calculating devices.

g. Even-oddness and primes
‘h, Number patterns

.

)

G. ALGEBRA

Students appreciate simple word problems which can be analyzed.
Abstract notation ‘is introduced both in the activities and explana—
tions.

1. .Games and activitier

a, Trick word prublems

b. Calendar problems

c. Pick a number type calculation puz"les, dee Appendix A-5
d. Equations

“ < 2, Concepts

a. Symbolism ,
b. %quations, especially of the type ax + b = ¢
¢, True interest rate

d., ‘Polynomials

‘e, Exponents and powers

f. Inequalities

H. GEOMETRY

For some students one of the most exciting sessions is constructing
three-dimenzional models or polyhedra, without being given a pattern

" or «dnstructions. Spatial relations are. :emphasized since this area is
often weak for Mathophobics. Rarely are students given definitions;
rather they are led in well-defining terms until a particular defi-
nition is. precise.

1. Games and activities ‘ v _ .

® &, Cublc, Clusters and Chains and Space Checkers

b. Mind Maze
¢. Psyche Paths

Lo < -85-
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d. Geodesic dome }

e. Model construction and nets

f. Tetrahedron puzzle

ge Battleship-Cartesian Coordinates
h., Polyominoes and Soma Cube

i, Tangrams

3. #irror cards

2. Concepts

a. Polygons and polyhedra definitlons, nets, area, volume
b. Tessellations®

c. Pythagorean Theorem

d. Spatial concepts

e. String designs

f. Plane drawings

g. Plane geometry; congruence, simllarity, symmetries

h,

I. NUMERATION SYSTEMS

Students gain ar understanding and appreciation of our number system
. through word puzzles (see Appendix A-5) and activities .n other: ‘numera-
° "~ tion systems, They further develop insight into abstractions_ and iearn
to use symbols and recognize correspondences. This area of mathematics
is not overly stressed however, .

1. é%mes and actiéities

.a., Dr; Nim and Nim , 2 L

b. Tower puzzle :

c. Decisionz

d, Games using other bases or numeration systems such as Buzz
or Roman numeral match stick puzzles

e. Guess my number .

2, ConCepts

a, Explanation of games and activitles whicn use the binary number
system, sich as '"peasant multiplication" :

b. - Weighing and coin problems with limited welghts

¢. Other numeration systems

d. Place value : i

e, Modular systems :

’

J. TOPOLOGY ) i
Another ekciting session involves topological activiﬁies. Again stadents
appreclate the emphasis on spatial relations and visualization. Recog-
nizing topological equivalences is a new concept for many students.

g : 1., Games and activities

a, Mobius ﬁtrip -
b. Topological rope tricks
c. Four color game : ’ -
d, Network puzzles :

e . wgg




2. Concepts

a. Topological equivalences, using variations of simﬁlé puszles
b. Network theory,including "Konigsburg bridge ‘problen'

c. - Four coloer problem

d. Definitions, such as simple, closed curve

K. MISCELLANEOUS TOPICS

1, Art

as The works of Escher, Vasareley and Max Bill
b. Coloring designs—Escher, Altair or Op Art
c. Tessellations

d., Mathematical illucions

e. Ster ograms

2, _Statistics and Probability

a, Hex-stat demonstrator
b. Misuse of statistics :
c. Probability of games of chance ] , .-
d., Avzrages _—

e. Pascal's triangle

L

3. Computing devices
' a., Calculators- . . ..
b. Computers j : : K
¢, Abacus .
d, Slide rules and nomographs
4, Mbtric
a. Basic units
. b, Conversions
5. Consumer

a. True interest rate
b. Banking
¢, Specific topics

6. - Special topics

a. Fibonacci numbers
b. iagic squares, cubes

=87~
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APPENDIX B

t

" SAMPLE ACTIVITIES

LOGIC

1.

There were five women entered in the women's 100 meter free-
style at the Olympic tryouts in Long Beach: Sheila Jones,

Maria Aguilla, Eve Toshihama, Enid Schmelter, and Joanne Finley.
They represented, CSULB, UCSB, SDSU, UCLA, and SMCC, not neces-
sarily in that order, - Can you. determlne how each woman finished
the race, in which lane she swam and whaf school she ‘represented?.

a., No woman's fiuishing position was the same as her .lane
number. > W

b. Long Beach was represented in lane 4. ' :

c. Although behind on the first turn Enid came in ahead of
the swimmer in lane 1 and the swimmers from Santa Barbara .

"~ and Los Angeles, .

d. The Los Angeles swimmer had Just ‘recovered from the Swine
flu, so was not at her best as.she came in last. :

2., The swimmer in lane 3 decided not to. go to school in her
‘hometown, Santa Barbara, although she really liked her
coach ‘there. .

f. The swimmer in lane 5 finished third.

g. Jane Finley seemed to slip as she left the starting block

but she recovered the lcst time and didn't finish last.- L‘

h.  The swimmer in lane 2 was thinking of transferring to San
: Diego or UCLA.
i. -The swimmer in lane 3 did not qualifv since she diun t
finish in the first three places., .
j. Maria Aguilla, the youngest woman in the race, won .the race,

k. The San Diego swimmer's time was .10 seconds more than her

competitor from Santa Barbara. . -

1. The swimmer in isne 2 had.been interviewed prior to the
race-with Sheila Jones and the Santa Barbara woman.

m, .Sheila Jones was majoring in marine biology at San Diego.

Each of the .three Simon sisters was employed in a different
profession, engineer, artist or doctor. :

If you know Tthat only one of the following statements about
the women and their professions is true, can you determine
Ms, Simon's profession? ) e

- Ms. Anderson is not an engineer.
Ms. Williams is not a doctor.
Ms. Anderson is a doctor. )
Ms. Williams is not an -'ngineer.

Shny



B. FUNCTION MACHINES . oy

For each machine find one rule which relates what goes, "in" to the machine
‘with what_comes Yout” of the wachkine, that is in illustration 2, how do you
s pet 13 using 5% Each machine has one rule.

o

1. _IN ouT ‘2. IN OUT
| CathyA C 1 2 -
Robert. .R 2 5
Denise .D 3 8
Melvin M 4 1
Edward D 5 14
- Anne N : s -
Jane " [ . °
Ruth —_— 9 26
Ilene — oo .
° X 100 —_
n ——
3. A procedure to find the generalzlrulﬂe ' .
- Triangular numbers: . e oee
number of dots total number : _
on bottom row of dots IN OUT
1 1 1 l=1x1
2 3 2 | 3
3 6 3 &= 3x 2
4 10 4 10
S - ' 5 15 =15 %3
6 s - 6 21
7 - 7 28 =7 x4
n, - n -
" IN oUT . o IN ouT
1 1x1 ' 1 1 x 2/2
2 ~2 x 1-1/2 L 2 . 2x3/2 i
3 3x2 o 3 3x4/2 20
‘ 4 4 x 2-1/2 4 4 x 5/2:° '
‘5 5% 3 5 5 x 6/2 )
6 6 x 3-1/2 6 "6.x 7/2
7 7 x4 7 7 x 8/z
‘ a "nx? . a ax 3l i
3 Q o
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4.. A machine with two 'in' éntries . .
IN s OUT . . gaec
? ; 1 : o 8IT
- 5- 11 _ ) | T
: 2- 12 . | .
6 8 20 sa0
i 3 ’ o . RUG,
. . i B | o
o _ | JSAT
) e
™
\'.

'C.- GEOBOARD

The unit of measure is D , 'which isv'.',.i_aquare unitg‘ 'fhen"E is
é.square units, ?<:] is- 1/2 square unit and ?q=;::] is 1 sduare unit

To determine the area of triangle BED first find the area of the rectangle
ACEF, then subtract_ the areas of '
- triangles ABD, BCE and DEF, We find

o
Py
PO Yo

¢
the area of triangle ABD is-fis;nce L |
it is one-half the area of square ABoD, ?
Similarly the area of triangle BCE is T
3 and the. area of triangle DEF is 2. -'F a—--—o-———o-———o—f E
Calculating the area of triangle BED, we get [(12 - 21 - 3] -2=a5,. "

D

-
POrr R Py Sk hendtad

,

D. ARITHMETIC - DECIMAL NUMBER SYSTEM

Decode the word by subdtituting the.correct digits (0,1,2,...,9) into
. the equations for the letters and then recording the letter represen-
tation of each digit into the corresponding blank. Each letter has a
unique-digit representation throughout the puzzle.

o T 7 3 % 35T 6 T OB ;
2 U
R? = AR v e AL +L+L) =o
. ‘D
| Y
PXP=p+P AY =N
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. ALGEBRA

Multiply the number of the month you were born in by 5.. Add 13 and
multiply the resulting sum by 10. . Subtract 5 they mul‘Lply the differ-
ence by 2. Finally add the number of the day on which you were born.

What do you have to do to the f1na1 result to determine your birth date? °
Let M = the number of the menth you were born in, and D = the number of
‘your birth date. In the example, M = 5 and D = 23, that is, May 23 1s your
birthday. ' . \ .

E‘Exemgle Eﬁenereiizatioh
Multiply M by ~ 5 'x 5= 25 B '
Add 13 | 25 +13= 38 SM+ 13
Multiply by 10 38 x10 =380 (5M+13)10
Subtract 5 380 - 5=.375 .. (5M + 13)10 - 5
Multipli;; by © 375 x .2 =750 (M +13)10 2512
£dd birth!: 750 +,23 = 773 B {(SM + 13510 - 5}2 +D"

,ﬁSlmpllfjlng the generalized expression, we get 100M + D + 250 There~ |
fore we must subtract "250 to determine the birth date 773 - 250 = 523
showing May 23.- ' .

¥. PROBLEM SOLVING

1. MATCHSTICK PUZZLE » . {2, INVERT THE TRIANGLE
Ubing the 12 matchstlcks in * Form a trlangle with ten
the grid as shown try the . " pennies as shown. By mov1ng
follow1ng : s only 3 coins, invert the
T o triangle (make it point
1. Move 2 matches and leave . down instead of up).
7 squares. ‘ ; e o :
2. Hemove 2 matches and , ' ' :
" leave 2 squares. } ' <:::)
3. Move 3 matches and leave ° )

- 3 squares’ o - Q O

' o N -
. \ £ -
. _91_ ‘y r '\ Ve R L e
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'G.. SPATIAL

View A :  View B L - View C
. '.Three views are shown of a cube painted blue (B), green (G), red (R),
g white (W), and yellow (Y).

Canfyod determine the color of the face opposite the red face in View A?.

H., ARITHMETIC
Decode

1, Write any three-digit number in which the first and 1ast
“digits differ by more than 1. -

2. Reverse the digits of your number to form another three—digit .
number,

3. Subtract the two numbers in steps 1 and to obtain a positive
number, ‘ '

4, Reverse.the digits of the number obtained in step 3.
5. Add the two numbers obtained in steps 3 and 4.
6. Multiply the sum from step 5 by one million.

7. Subtract 123, 957 683

8. Decode your answer .tV replacing each digit according to the code:
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Wylie,bc R,., Jr. 101 Puzzles in Thought and Logic. New York: Dover

_Publicationms, Inc., 1957. B

ToEics
Ar t " - . . \\\ '

Bezuzska, Stanley; Kenney, Mdrgarat' and Silvcy, Linda ggfgglléEEPhs:
The Geometry of Pattern. Palo Alto, CA: Creative Publications’
- Inc., 1977.
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a

Diehl, Gasfon.\ Vasarely. New York: Crbwﬁ Publishers, Inc., 1972,

 Emst, Bruno., The ,Magic Mirror of M. C. Escher. New York: Ballantine

Books, a division of Rendom House, 'Inc., 1976.

- Holiday, Ensor. Altair Design, A Creative Design Book. New York:

Pantheon Books, a division of Random House, Inc., 1974.

Hbremis’

Spyros, Geometrical Design Coloring Book. New York: Dover
Publications, Inc., 1973.

) . Visual Illusions Coloring Book. New York: Dover
Publications, Inc., 1973.

Larcher’ jean-
Inc., 1973,

Op Art Coloring Book. New'York:“Dover Publications,::

The World of M. C. Escher. New York: Harry R. Abrams,

LOCher, J. L
Ine., 19717

'Ran“CCis Ernest R. 'and Teeters, Joseph L. Creating Escher-Type Drawings. .

Palo Alto, CA: . Creative Publications, Inc., 1977.
’Seymogz, Dale and Schadler, Réuben.r Creative Constructions. Palo Alto,

Creative Publications, Inc., 1974.

g o _ : ' :
veynnzr, Dale; Silvey, Linda; and Snider, Juyce. Line Designs. Palo
lto, cA: cCreative Publications, Inc., 1974. ‘
Cod ing~_
i
Brooke

» Maxey_' 150 Puzzles in Crypt-Arithmetic. New York: Dover Publi-
Cations, Inc., 1969. :

Gardner, Martin. CédeS, Ciphers and Secret Writing. New York: Simon
and Schuster, Inc., Pocketbooks (Archway Paperback), 1974.

Galnes, Helen Fouches Cryptanalysis, A Study of Ciphers and Their
Solution, New York: Dover Publications, Inc., 1956. '

Peck, Lyman, secret Codes: Remainder Arithmetic, and Matrices., Washing-
ton, D.C.T National Council of Teachers of Mathematics, 1961.

Zim,'Herbert S. Codes and Secret Writing, New York: Scholastic Book
SerVices, a division of Scholastic Magazines, Inc., 1966,

KeVorkian, George. Business Mathematics. Columbus, Ohio: Charles E.
: Merriyg Publishing Company, 1976. | o

. _ Lankford, Francis and G6e; William. Consumer Mathematics. New York:
arcourt, Brace Jovanovich, Inc., 1971/

n
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Geometry—-—

,Cundy, H. Martyn and Rollett, A. P. Mathematical Models. Oxford:
The Oxford Press, 1961. c

Dome Book 2. Pacific Domes, Box 279, Bolinas, CA 94924, 1971 (distri-
buted by Random House)

Fouke, George R. A First Book of Space Form Making. San Ffaneisco;
CA: GeoBooks, 1974,

Goldberg, Steven A. Pholdit. San Jose, CA: Billiken Publicatioms,
Inc., 1972.

‘Johnson, Donovan A, Mathmagic with Flexagons. Hayward, CA: Activity
. Resources Company, Inc., 1974.

Laycock; Mary. Dual Discovery Thru Straw Polyhedra. Palo Alto, CA:
\- Creative Publications, Inc., 1970. CoT

Marké, Robert and Fuller, R. Buckminster. The Dymaxion World of Buck-
L "minster Fuller. Garden City, NY: Anchor Books, Anchor Press/.
Doubleday, 1973. - : . :

.MhKim, Robert. Experiences in Visual Thinking Belmont, CA:  Wadsworth
- Publishing Co., 1972.

Prenis, John (ed.). The Dome Builder's Handbook. ~Philadelphia, PA:
Running Press, 1973. . .

Ranucci, E. Seeing Shapes Palo Alto, CA: Creative Publications,
Ine., A973— - BN :

' Wenninger Magnus J. Pdlvhedron Models., New York:. Cambridge Undver-
sity Press (American ‘Branch), 1971. ' ‘

St&tistics and Probability—-

) Berkeley, Edmund C. Forecast, An Introduction to the Science of Proba-
bility and Statistics. Big Spring, TX: Math-Master, 1961.

' . Probability and Statiéticsé-An Intreduction. Through,
Experiments. Newtonville, MA: Berkeley Enterprises, Inc., 1961.

Fielker, David S.. Statistics. Cambridge: The University Press, 1971.

. Towards_Probability. Cambridge: The University
_ Press, 1971. S .

Huff, Darrell. How To Lie With Statist;es New York: vW. W. Norton °
and Company, Inc., 1954. : '

Mosteller,-Frederitk; Fifty Challenging Problems in Probability with
Solutions. Reading, MA: Addison-Wesley Publishing Company, Inc.,
1965, - R / o
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Reichmann, W. J. Use and Abuse of Statistics. Baltimore, MD: Penguin

Books, Inc., 1971. ‘ _ I -

Shulte, Albert and Choate, Stuart, What Are My Chances? Palo Alto; CA:
Creative Publications, Inc., 1977.

Topology—--

Barr, Stephen. Experiments in Topology. New York: Thomas Y, Crowell
~ Company, 1964. : o

Johnson, Donovan A. and Glenn, William H., Topology, The Rubbef—Sheet
Geometgz ~ St. Louis: Webster Publishing Cowmpany, 19LU

Mathematical Materials amd Activity Books |

1
\

Ault, Leslie H, The Official Mastermind Hancbook. New York: ,The New
: American Library, Inc., 1976, L

\

'Bezuszkaw-ﬁﬂaeley with Lou D'Amgelo and Margaret Kenney. Motivated Math

Project Activity, Booklet 4, Applications of Series—andever and
ever and ever and ever and forever Luestnut Hill MA :Boston’
Coliege Press, 1976, ;

o
\

Boyle,{?ettick J. and Jaurez, Wiliiam J. Accent on Algebra. ﬁalo Alto,
CA. Creative Publications, Inc., 1972. ! '

|
|

"

‘D-Stix. Manufactured by Geodestixz, P.0., Box 5179, Spokane, WA 99207.

Farrell, Matg&ret A. Geoboazd Gypometry. Palo Alto, CA: Creati&e
Publicztioas, Inc., 1971. S

' Gellis, Marilyn J. 'Think;sthenios...EXercises for the Brain. Palm ..

Springs, CA:  Thinkisthenics, P. 0. Box 1180, 1971.

Geoboards. ‘New York: Cuisenaive Company of America, 12 Church Street
New Rochelle, NY 10805,

Kenney, Margaret J. Motivated "ath Prolect Activity, Booklets 10 (The
Super. Sum), 11 (The Incredisle Pascal Triangle) and 12 (A Lesson
. in Mathematical Doodling) Chestnut Hill, MA: Boston College:
Press, 1976. ' ;

Kreitzberg, Irvingt The Geo—boe%d, A Manual for Teachers, 'New York:
The Walker Research Corporation, 1971. ' '

McConville, Robert. The History of Board Games. Palo Alto, CA:
Creati° Publications, Inc., 1974. :

Read, Ronald C, Tangrams—BBC Puzzles. New York: Dover Publications,
Inc., 1965. o :

5

" Hexstat, Probability Demonstrator. ‘New York: Harcourt, Brace and

World, Inc., 1965.
-98-
02 -



Ruchlis, Hy and Marcus, ‘Esther. Hexstate, Probability Demonstrator. _
(Teacher's Manual) New York: Harcourt, Brace and World, Inc., -
l965 , ,

Seymour, Dale and Shedd,_Margaret. Finite‘DifferenCes, A Problem
Solving Technique. Palo Alto, CA: Creative Publicatioms, Inc.,
1973. '

Stokes, William T. Notable Numbers. Palo Alto, CA: Published by

William T. Stokes, 1974,

Stover, Donald W. Sterograms. Boston: Houghton Mifflin Company, .1966.

o

Games .

-

Battleship. Milton Bradley Company.

Clusters and ‘Chains. Merrick Creative Components, P.0. Box 4912,
Hayward CA 94540 ¢ - :

Clue. Parker Brothers, Division of General Mills Fun Group, l972
Cubic. 3-D Tic Tac Toe. Parker Brothers.
Decisions. Cadaco Inc., Chicago, IL.

Double Hi-Q. Kohner Brothers, Inc., East Paterson, NJ 07407, 1970.

Dr., Nim. Education Science Research, Inc., Montclair, NJ..

Hexed. Kohner Brothers Inc. , P.0. Box 158, East Paterson, NJ 07407:

’

Mastermind. Invicta Plastics Ltd., 20 Fifth Avenue, NY 10001.

Mind Maze. Parker Brothers, l970

'Numble, The Cross—Number Game. Selchow and Righter Co., Bay Shore,

NY, 1968.

'vNumo Midwest Publications Company, Inc., P.0. Box 307 1025 East

‘Maple, Birmingham MI 41012 1969
Press Ups. Invicta Plastics Ltd. New York, NY 10001,

Psyche—Paths Funtastic, Division of KMS Industries, Inc.,

n_Lt:MLlUL .Ld , }A_lgu 7 e

guinto. 3-M. Company, St. Paul MN 55101 1969

<

Ranko Midwest Publications Company, Inc., P.0. Box 307 1025 East
Maple, Birmingham ML 48012 1970.. ) .
Scan., Parker Brothers,.Inc., 1970.

<e
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Score Four., Lakeside Industries, A Division of Leisure Dynamics, Inc.,
Minneapolis, MN 55435 1974, -

Soma Cube. Parker Brothers, Inc., 1969.

Space Checkers. Pacific Game Co., No. Hollywood, CA, 1965.

SguareFOff. Alexander Randolph, Parker Brothers, 1972.

Tangrams. <Creative Publications,-Inc;, Palo Aito, CA. ¢

‘Think a Dot. ESR, Inc., 34 Label Street, Montclair, NJ 07042.

Tower Puzzle. World Wide Games, Box 450 Delaware, OH 43015

Tri. 3-Dimensional Tic Tac Toe Game. Activitoys Ltd., 930 Newark

Avenue, Jersey City, NJ 07306.

Tuf. The Avalon Hill Co., Baltimore, MD 21214.

Math Anxiety

Ernest, John. 'Mathematics and Sex. ‘American Math Monthly, October
1976. . o o

Kreinberg, Nancy. Furthering the Mathematical Competence of Women.
. Public Affairs Report, University of Ca11fornia Berkeley,
Vol. 17, No. 6 December, 1976. , , ;

2

Stent, Angela. Can Math Anx1ety be Conquered° Change Magazine, No. 1, -
Vol 9, January 1977. o

Tobias,'Sheila. Math Anxietz, Ms. Magazine, September 1976.

Zanca, Jacqueline. Math Anxiety. Women's Work, Vol. 4, No. 1;
January/February, 1978. . .
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'PROGRAMS TO COMBAT MATH AVOIDANCE

Rita May Liff R .

LI

Women and girls often place limits on. themselves when "it comes to
dealing with mathematics. In high school few women choose to study math
. after it becomes optional. In college most women major in fields requir-

ing little or mo math., In the working world, nearly all the math-
oriented fields are male—dominated '

To increase the involvement of women in mathematics efforts must
be made to help women feel more positive about mathand the1r ability
‘to do it, to destroy the notion that math is an inappropriate pursuit
~ for females and to increase awareness of the limitations a poor math

background imposes on career options. '

~A varlety of programs being carried out in the San Francisco Bay -
Area to increase women's involvement in mathematics will be described.-
. These programs represent efforts to tackle the problem of math avoidance
at every age level, by working with children, young women, parents,
counselors, teachers, college and resuming women students. Though the
programs vary 1n duration, audience, and orientation they share/several
key components. Each prov1des'

o 1. A SUPPORTIVE ENVIRONMENT——a place to openly discuss why
women often hesitate to-do math, and an,encouraging atmos-
phere fostered by a conviction that women can do math if
they choose. ' '

; 2. VALIDATING EXPERIENCES—an opportunity for women to become
involved in doing mathematics and to experience success.

. 3, AN EMPHASIS ON CAREERS——a focus on the idea of math as_a "
o feritical filter'" 'in the Job.market.2 This creates an aware-
ness of the increasing number of jobs requiring mathematics,
and the excellent opportunities for women today.

4. ROLE MODELS—a shattering of the myth that women "aren't
- mathematically oriented"™ by introducing students to women
'~ who have strong math backgrounds and who are enJoying
success in traditionally male fields.

The author of this paper has had the pleasure of being involved
in planning and implementing each of the programs described here. A
significant number of other related projects are also underway in the
S.F. Bay Area. See: Jane M. Day, "A Collection of Reports on Current
Programs in Northern California Colleges to Combat Math Avoidance,"
College of Notre Dame, Belmont, California, January, 1978.

it}

Lucy W. Sells ""The Forum:: Mathematics~a Critical Filter," The

Science féaoher .Vol. 45, No. 2, February, 1978.
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5. CONTINUING SUPPORT—a »chance to form professional contacts and
to gather information about continuing education and training.

MATH FOR GIRLS

This course has been on-going since 1974 and serves 6-14 year-old
girls. It's offered once a week in eight-week sessions on a tuition
basis at the Lawrence Hall of Science at the University of California
in Berkeley—a public science. center and museum, The course was.
developed by Dr. Diane Resek, who now directs the "Math Without Fear
Program" at San.Francisco.State University.

' The class. is taught by female science and math students at the
University of California who enjoy math and want to share their enthu- -

. - siasm. The emphasis is on showing girls that they-can do math, that
‘ " math is fun, and that thev will limit their future options if they

drop out of math. . s P

Building Mathematical Confidence and Competence

An enthusiasm for math is created by actively involving students
in games, puzzles and logic problems which are challenging and interest-
ing, but still assuring them of some level of success.. Problems are
selected which can be solved using many different approaches, and which
don't depend on specific math skills that some students may lack.
Problem-solving strategies are emphasized:; these strategies include:

1. TRIAL AND ERROR: GUESSING -

Many, if not mosl,'students view .success'in math as depending
almost entirely upon memorization; if they don't know a
"formula" they won't even attempt to do.a problem. In this-
course an environment is created in which students are encour-
aged to make guesses, to call out answers, and in which no one
is allowed to call another s  answers "'stupid" or "wrong."

Each suggestion or guess i3 seen as an hypothesis, contribut-
‘ing information which helps in narrowing down the ‘possibili-~
ties;Wild ideas are encouraged, problems with unusual
solutions are presented, to show that doing mathematics and
solving problems involves taking risks, taking a change at-
being wrong. . It is important that students view math in this
broadened sense, as a way of thinking and a process for solv-
ing problems, rather-than ‘as a body of facts and-rules to
memorize. The "aha" feeling, the joy of discovery, comes - :
about only when one is willing to try and to fail on the path -
to success, - o

2. METHODS OF RECORDING AND KEEPING TRACK OF RELEVANT INFORMATION—

Successful problem solving involves careful consideration of
many factors at once: What is given in the problem? What is
one' trying to figure out? What can be deduced from previous
attempts at solving the problem? Many students benefit from
being shown different ways of representing this information.

L | -102- o
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In solving word problems, for example, just having students
write down what's given, and what's to be found, proves very

 helpful. .Otherwise they often stare at a .problem after one’
reading and claim they don't know where to begin. Restate-
ment of a problem often suggests methods for attacking it.
Many models are useful for recording data, such as diagrams,
pictures of a problem, tables of information., Students are
encouraged to use these models and invent ‘their own. k

3. SIMPLIFY/START AT THE END/BREAK THE PROBLEM INTO PARTS -

Though these strategies are obvious to eXperienced roblem ‘
solvers, they. must be pointed -out to many students.- . When-
ever applicable, these strategies are recommended,’ Students
might be told that when taking multiple—choice tests, for
example, a consideration of the solutions given may’ prOViQe

a clue as to how to approach the problem. And of course many
problems can be  reduced or related to simpler problems which
students can more easily solve, and from which generalizations
‘can be made. . '

Certain classroom characteristics and techniques facilitate the
risk-taking behavior one hopes to.foster: -exploratory, discovery-
oriented problems; not allowing students to 'put "down’ Others ideas
or to shout out "this is so easy" once they've figured it out; brain-
storming techaiques; 4 “having students work in smAIl groups and share
ideas and methods. _ ' . . :

o
e

Expanding_Career Awareness

R

One of the reasons Math: for Girls was originally offered was to
increase the percentage of females attending Lawrence Hall classes (@
. survey revealed .that only" one-fourth of the students attending courses

were girls). So part of the course is set aside for discussing sex-
role stereotyping, and encouraging the girls not to limit their options
because of it. One of the ways to initiate discussion is having - h
students brainstorm a list of what they consider to be ''male” and
"female" careers. The lists are Iikely to be ‘very different! The
discussion might center around why they consider certain careers to be
sex-typed, what role math could play in these careers, what their own
aspirations-are, etc. Typical responses to personal plans include
beingt a teacher, a nurse, a model, & keypunch operator. It can then
be suggested that they-also consider.becoming‘a doctor, or a computer,

.

a

&

P
%\ o 3A classic book on problem-solving strategies, and heu*istics is:
~ G. ?olya "How to. Solve It, A New Aspect of Mathematical Method, "o
Princeton University Press, Princeton, NJ, 1973. 'Another excellent
book with suggestions for teaching problem solving and with many good.
" problems is:* James L. Adams, "Conceptual Blockbusting," W. H. Freeman
Press, 1974, o ' . - :

‘ l'Brainsto‘ﬂl.'m:l.ng is.allowing a class or group of students to respond
to a particular question by suggesting ideas which are recorded on the
board or on a large sheet of butcher paper. The technique requires
that no ideas may be audged criticized or vetoed until all suggestions
. have been received and recorded. It encourages .participation by all
Qo - studentsandleads nicelyintodiscussion of various points of view.




programmer or an engineer. They may respond by saying that women just
don't or.even can't do these things. This is an ideal opportunity for
the instructors to discuss their own choices and ‘what they are doing.

‘These role-mecdels provide convincing evidence that women can be any-

thing they want .to be. o

For more information'contacti

Nancy Kreinberg
Director of Science and Math Education for Women
Lawrence Hall of Science
~ University of California
Berkeley, CA 94720
" (415) 642-1823

¥

MATH WITHOUT FEAR PROGRAM AT

SAN FRANCISCO STATE U\IIVERSITY5

Rationale ¢

That Targe segments of the population fear and dislike mathematics
is not a new phenomenon. In the-past, this situation has been tolerable
because there were sufficient occupational opportunities. requiring little
or no mathematical skill; however, as our culture becomes more ‘technolog-
ical and the social sciences more quantitative, an.individual who is
uncomfortable with basic mathematics finds her/his options severely
limited. SFSU is now attempting to help such students to change their _
attitudes towards mathematics so that they can enter their desired -
careers. ,

An experimental’ course, Math 270, was offered in the Mathematics
Department in Spring and Fall, 1976. The. course ‘provided positive exper-
iences in mathematics and helped students realize the role fear plays in
retarding their progress. Although most ‘students had relied previously

course sought to teach students to 'think mathematically" and gain confi-

‘dence in their ability to do so.

Although Math 27Q was quite'succeesful, it -was felt hy students- and
the instructor that it could be more successful if it were not taught
exclusively in the Mathematics Department, for the following reasons:

- Some students are so afraid of mathematics that they will -not
entoll in any course in the. Department, even if tney must-

" gbandon their intended major.

= In order for students to speak freely about their fears, they
must feel at ease with their fellow students, and~it would be °
‘easier to have a conducive atmosphere—for-such-discussions 1if
students were more homogeneously grouped. - Y

Speseription of the Math’ WitHout Fear.?rogiam‘Waé'prepared by Dr.

" on, memory to solve math problems _memory, in general, is not a sufficient._‘
faculty for learning mathematics at the college level. Consequently this

Diane Resek, Project Director. The description is available as a free '
brochure‘and may be obtained by contacting her. - ‘///;////////f///
Tooo -104- - : . CoT
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- Students with different value systems (e.g., older vs. younger
students, minority vs, white students) tended to react
differently toward thinking about math instead of learning
rote algorithms. It would be easier to develop their problem-

" solving abilities if they were more homogeneously grouped.

The Classes
' With the help of an Innovative Programs grant.from the Chancellor's

Office, five sections of '"Math Without Fear" are being offered in both
Fall and Spring 1977-78 in New School, Women's Studies, Education and
Mathematics. The success of the program depends upon the selection of
instructors who are experienced in this type of course. The instruc-
tional staff includes Diane Resek, Project Director, and Daniel Fendel,
both of the Mathematics Department, and four instructors from outside

" the University, Diane Downey, David Ellis, William Finzer, and Rita Liff.

N

Course Obiectiﬁes

. To increase students' ability to reason mathematically;

. To increase students' enjoyment of and interest in mathematicssg
. To upgrade students' skills in arithmetic and algebra; and

. To provide students with the rudiments of statistical reasoning.

H WK

Course Charicteristics include:

.

1. establishing a non-threatening, non-competitive environment;

2, opeﬁing\the course with a discussion of '"Mathephobia," so
students can learn to deal with their fears; - ’

3. using cbncreﬁe-matérials and introducing'visual models to
help explain abstract ideas; :

4. presenting students with problems, where they must guess at
solutions, so they begin to move away from an exclusive
reliance on memory to solve mathematical problems;

© 5. using logical puzzles to encourage mathematical reasoning
in situations that do not appear "mathematical" to students;
and , e - ‘ :

g 6. helping students learn to read mathematics texts so that
they can become more self-sufficient in future mathematics
classes.

-~
-

Mathematiés Laboréto:y

In conjunction with the program, space has been set aside for a
mathematics laboratory for use by "Math Without Fear":students, as
well as graduates-of the course. Three students work in.the labora-
tory. They spend one hour a week in training with the Project Director.




The lab is staffed at other hours by instructors of both the "Math
. Without Fear" courses and the courses for prospective elementary
school teachers., It is open 20 hours a week.. The lab features:

1.. a comfortable and non-threatening environment whefe students
can study and work together;

2. a supportive tutoring service where students need not fear
ridicule and where tutors can learn about students' prob-
lems and can experlment with cures;

3. programmed texts and other self-paced material to aid
students in remediation and in practicing independence
in math learning; .

4._ various phySieal materials which serve as models for
abstract concepts; i

5. math games and puzzles to spark students' interest in math

‘ and to entice them to practice mathematical thinking in a
context which is. less fearful than in conventional subject
matter learning; and ’

6. books and materials with novel ways of presenting math ideas.

-

Research Component R : R .

-The program presently deals with four research questions:

1. Can the one semester "Math Without Fear" course prepare
students to succeed in future encounters with mathematics?
This question will be answered by following course graduates
for a perlod of two years.

2, Do -students prefer ‘to eLTOZZ in "Math Without Fear" courses
in some departments over others? This question will be
answered by polling students. '

3. - Are women students more likely to overcome, their fears of
mathematies in an all-female environment? Each semester the
section of the course in the Women's Studies Department is

" being restricted to women students.’ Since instructors visit
other classes, they will have a basis for compariscn of
students' attitudes.  This comparison along with student
attitude polls should shed light on this question.

4, Is there an instrument to predict which students will benefit
" the most from the present curriculum? In the experimental
versions of this course, some 'students did not move away from
" & reliance on rote memory by the énd of-the semester. There
is some evidence in ‘the literature that students with differ-
ent "cognitive styles" will benefit from different teaching
approaches, At the end cf the first semester we will see if

 -106-

110




tests generally used to define cognitive styles will predict
which students have leamed to think mathematically and which
students still-rely almost exclusively on rote memory., If a
test does have predictive value, students will be nlaced in
sections in the .second semester according to their cognitive

~style. In this event, different teaching techniques will be
used in the different sections. The first semester's_ study
will replicate work in this field and the second semester's
will extend existing research.

For more information contact:
Dr. Diane Resek, Director:
Math Without Fear Program -
San Francisco State Un1vers1ty
1609 Holloway Avenue
San Francisco, CA 94132
(415) 469—2251

- A BRIEF DESCRIPTION OF THE MILLS,

PROGRAM TO COMBAT MATH AVOIDANCE®

" Our feeling is that the best way of overcoming math avoidance is by
having students experience.success by really "doing it." We believe that
attitudes can change rapidly and.that several: signlflcant positive exper-
iences can make the difference. Thus, our program is set up to get
students into a substantive mathematics curriculum quickly,. and also to

.provide our students (even : some of the most math anxious) opportumities
‘to become actively involved in (peer) teaching and in (1ndustr1a1)
research projects. Our methods are to set Up an environment where it is

both desirable and possible to do these things. Necessarily, this pro-

. gram has many facets, including: stimulating interest via publicity,

mini-brochures conta1n1ng non-threatening self—placement quizzes, seminars

discussing career options and providing role models; streamlined pre-
. calculus courses augmented by peer-taught workshops; other ;goal-oriented

workshops including pre-statistics and grad exam workshops; special
computer workshops for social science students (e.g., in implementing

-the SPSS); early and expanded career preparation via 1ndustr1a1 intern-

ships and dual degree englneerlng programs.

In particular the .pre-calculus course is specifically designed to
prepare: students (no matter what their backgrounds) for a calculus s
sequence in one semester This is done. by streamllnlno the usual

. course to include only material directly related to calculus (e, g.,
‘graphing the elementary functions), eliminating the remedial aspects

(which would just recall negative past experiences) while - -introducing
more advanced, and hence new, interesting and challenging concepts and
points of view from calculus (e.g., notions of slope, limit, continuity,
smoothness), stressing visualization and developimg conceptual skills,

kY

6Description of the Mills Program was. prepared by Dr Lenore Blum.

" She may be contacted for additional copies.
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- BAY AREA' NETWORK FOR WOMEN IN MATH

(by learning to ask relevant questions, for example, about symmetry,
periodicity, growth properties—and no memorization). The course is
augmented by a support siructure of peer-taught workshopsg where
students can get individual help in developing supplemental arlthmetlc
and algebraic skills.

We have had considerable success with this project. For example,
in the three years since the program began, the number of students
enrolled in pre-calculus has tripled (from 27 to 78) and the total
number of enrollments in regular math and computer science courses

* (not including 287 workshop -students—this year) has doubled (from 331

to 661). Given a steady student_pnpulatlon_51ze_of_850,*these figures
are significant. :

-For more details see: Educating College Women»in Mathematios: A
Report of an Action Program in Progress, by Lenore Blum in the

‘proceedings of the conference, "Educating Women for Science: A
P ’ g

Continuous Spectrum," Mills College, April 24, 1976.
For‘additionaliinformatioh-eontact:

+..Dr. Lenore Blum
, Head, Department of MathemaLlcs and Computer
z o Sc1encé . .
- Director, Women:xxSc1enceandPreca1culus Program~
Mills College '
Oakland, CA 94613 °
(415) 632—2700, Ext. 347

“

o

AND SCIENCE: CONFERENCES TO INTEREST

GIRLS AND WOMEN IN MATH-BASED CARELRS

‘In 1975, representatives from pfojects promoting equal access to

l math education for .women met informally at Lawrence Hall of Science_tov

share ideas. Soon after, another, larger meeting was held at Mills
College: Educating Women for Math and Science,7 under the direction

of Dr. Jean Fetter. These early efforts sparked the formation of a
network of individuals who have since been meeting regular1§ at monthly

‘intervals, As a group the network has organized a number of events,
‘primarily conferences to interest women in math and science. ~What makes

the network dynamic and effective is that its members represent many
levels of expertise, and new people are ‘always welcome to join. The °

- network includes elementary and secondary school teachers, counselors
‘university faculty members, representatives from 1ndustry parents, math

district people, and students, The combined talents, experience and
enthusiasm of these individuals working together have been instrumental -
in the successful organization of a numbér of programs,

> e .

7"Eduoatiog Women for Science: ‘A Continuous Spectrum,” proceedings
of a conference held at Mills College, Oakland, CA, April 24, 1976.
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. to successful women working in these areas. Nearly.a dozen conf

" became involved dn ‘their fields and describe the challenges and ¥ewart

-

Conferenres sponsored by the network have typically been On
two-day events. The goals are to make participants aware of the
diversity of math-related career opportunities, and to. introduce

them
erences

liave been held so far in the Bay Area, attracting 4000 junior and Sez;ir
high school women as well as university and community women. AboUE ally
usu

60 professional women are invited to interact with participants,
on a weekend at a college campus. The network provides easy access O
women engineers, scientists and technicians, as well as a puilt-in .
mechanism for-recruiting students via the teachers involved. ArtractiVve
brochires are prepared to interest people in attending. °

A conference usually begins with a keynote speaker, followed bY
a panel of women from different fields. The women discuss how they is .
of their profession. '.Some mention problems they have encountereds often
related to their isolatign in a'male-dominated area. All provide am
encouraging note about the variety of options open for women. T

or .

During_mﬁch of the‘dé§, small workshops are held in which two o1 )
2 j-

three professionals meet*on a moré intimate basis with about 15 Par
cipants, Some of the workshops are-"hands-on". In these, studentS
perform experiments, solve math problems-or work with a computer t0 8
actual experience with the techniques and:skills used in these areas.
Other workshops are for “"careetr exploration." Here students have &
chance to individually question ‘the women about what their WDrkutha%Ls’
how they feel about their jobs, how much money they earn, what prepara”
tion is required, and so on:. Since many par%icipants at the outset

have little idea, for example,: of the diversity of engineering fields,
or of what alternative options exist in the health professions otheTl
than being a nurse or doctor, they find this quite informative.
Participants .often comment abotit how inspiring it is to be surrou?dedf
by so many motivated.and ‘talented women, who are also willing to take

time out to motivate others, ‘ . . . ,

ain..

EQUALS: . A PROJECT TO PROMOTE. 'SEX~FAIR ,
MATH INSTRUCTION AND COUNSELING S

) v V‘ '«.“;' . 1 ¥ 881’
Parents, teachers and counselors strongly influence student$ var

aspirations and attituides toward math. At an early age, when girls_?nd

" boys play with different toys, sex-typing begins. Boys, but rarely

girls, are encouraged to take things apart and reconstruct, to inVEHF;ls.
to ask questions about what' things are made of and how they-work.: G1I:S,

* on-the other hand, are taught to depend on males when things need

repair or building, rather than .to try and figure out much for them~
selves. These early influences affect the development of Tisk-takiD&_ .
behavior and problem-solving confidence.which are certainly reqﬁired'for.
mathematical and' scientific proficiency. It is essential that girls

and boys growing up today have equal access to experiences which fosteT

development of math and science skills. -

. =109~
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To

d ¢t increase : /areness of these issues among parents and educators, -
an o

"~ Provide viable suggestions for promoting sex-fair counseling and
instxuction, the Equals Institute, with funding from the U.S. Office of.
Education, wag established at the Lawrence Hall of Science, For three
Veﬁks during the summer of 1577, Equals staff members-worked with_éO
4th-9th 8rade teachers, counselors and administrators sharing methods
for incl‘easing female involvement in mathematics. The participants
then dssumed the role of educating other teachers, administrators,
coanelors, parents and students, using the ideas developed.

The areas of emphasis considered important in educating each of
Audiences inciude: expanding_awareness—oﬁ—sex-role—sﬁereotypiqg
limits thar girls impose on themselves by not studying math;
" the Ng information about the variety of math-related careers and
the amouny of prepzration needed for each; illustrating the impact of
role modeys oy creating a realistic picture of possibilities and bene- = -
fits of entering theez careers; stressing the importance of problem
in pathemacics instruction. o

' these
and of
providg

.

Solving

inel gateriéis developed to accomplish these goals are available and .
h UC€:  M“An Annotated Bibliography to Assist Elementary and Secondary:
_ SgbOOl Teachers -in Sex-Fair Counseling and Instruction,” "An Annotated
- Biblography on Classroom Activities for Elementary and Secondary School
Teacherg to'use in Teaching Problem-Solving and Mathematics," and .

.on Ky - Lo . T
.!Instant Investigatiofis" (activities fof use in informal classroom
stationg'y et v . |

. L
- . - . -

be A "Teachers' Kit of Equals Activities" is being developed and will
. ¢ @vallable in the fall of 1978, :

. .o . - . . 4 3 v . T 3
To obtain these materials and for additional. information contact:

Nancy Kreinberg - -

Director, Equals Project
Lawrence Hall of Science
University of California
Berkeley, CA 94720%:... : .
(415) 642-1823 . 5 | o

WOMER T NTER FOR EDUCATING

N MATH AND SCIENCE .

: One of the most exciting develcpments in thé Bay Area has been the
reCent creation of a center to coordinate. programs that promote ‘parti-
C1pat.0ﬁ of women in mathematics and science. With funding for two
¥ears from the Carnegie Corporation of New. York, the center serves as
o 8 Cl2aringhoyge of information'on projects in the Bay Area and around
.t?e Country, Co-directors are Nancy Kreinbetg, at the.Lawrence Hall
° SC1enCe, University of California, Berkeley, and Dr. Lenore Blum,

Head, Department of "Math and ComputeriScienCe, Mills College, Oakland,
. California. R . I - o




Through the center referrals are made and comtacts established among
~ program sponsors and interested participants. In addition to disseminat-
. ing project materials and research data whic!. are currently available,

the center is alsag sponsoring new programs and creating additional

resources.

At present several projects are getting started: a confecence for
adults who wish to establish new programs to interes% and prepare women
in math is being planned for the fall of 1978, and s handbeook is being
prepared describing the organization and implementztion of the confer-

- ences spcnsored by the network to interest women fn miath and .science
"'careers.

To reach the center contact: o : _ o
. Joanne Koltnow -
- ~Coordinator--'_ e
' Resource Center for Eduratiﬂg Womezn.
-~ in Math and Science :
. :Mills College
“~Oakland, CA 94613 .
© (415)--635-5074
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- the Lawrence Hall of Science people
~ with the same kind of intervention., [ thought, therefore, that I would

A CLINICAL APPROACH TO REDUCING MATH ANXIETY .

Sheila Tobias

They tell me Newton, Leibnitz and Descartes all invented the calculus:
or something very much like it at ab0ut the same time in history and
that's the way I am feeling right now, as one of .them. From very diffeir-
ent percspectives, Ruth Afflack of\Lozg Beach, Lenore Blum of Mills and .

1 n Berkeley have all really come up

”

emphasize. what is different about the prOJect with Wwhich I have been .~
associated for three years and. particulhrly about ' its extension into the
adult community. _ - \\, ‘ L '

° .
I

I start . from twin 1deological perspeétives that are probably differ-
ent from thOSe of ‘many of the people who are involved in the teaching of
mathematlcs. The two .perspectives that energized me at the outset and
still guide the projects with which I am ass001ated are the- feminist
‘perspective and that of the "math consumer." For ‘those who have net had
that -heady experience of feminism during ‘the past ‘ten years, let me
explain what it was like. Part of the experience of oppression for those
women of my generation ‘'who.were trying to cope with the society we had
inherited, was that problems of power were perceived by us to be personal
deficienc1es. - The consciousne@s-raising process—which has not yet been
widely enough unde*stood——did -hing more or less. than subject those
perSonal deficiencies to a pol: cal analysis from which we could finally:
understand that they were not deficiencies at all, but - rather intelll—
‘gible responses to an unfavorable s1tuation. '

Among those "deficienc1es" was what we have come to call "learned

o helplessness in certain fields and not in others.. The assumption was

N

\that women and girls cannot do math because math represents an 1nappro-
priate activity for them, Since the belief wag that the problem was a
personal one, there- seemed to be no point in dealing with it construc—
tively N\ Math anxiety, after this analysis was done, could ‘be -seen to .
be a result of female socialization. We now believe that women have
been coaxed-into being disabled in math ' because power is associated &
with math compétence.“

The other pe:spéctive I bring to this problem is that of a consumer »

of mathematics.~ Unlike\ ou, I stopped.taking math 25 years ago with
trigonometry.. I am starting to take math again now. But I have, for
the better part of my adult\\professional life, opted rather for fields
in the humanities. And so you have every right to ask yourselves, what
do I have to say to you7 What' nght do I have to participate in this
discussion? My answer.is that apart\\rom my feminist insights I have

~ very much a right to be here and to be\partic1pat1ng, indeed directing,f
"some of these programs, precisely because. _the consumer, whom I represent,
~ has yet to be heard- from. The learner .or, n my case, the former
~learner, the’ ex-learner, the quitter, may hav

something to t21ll you -
that is Wworth Iistening to. : :
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And from these perspectives, let me briefly describe the project
that we initiated three years ago at Wesleyan University and which was
funded by the Fund for the Improvement of Post-secondary Education and
‘the Sloan Foundation., I must give particular credit to the people who
funded us because at the time we came to them we had only an idea. We
had no particular direction, but we knew that there were a large number
of people at the college level who were avoiding mathematics and we
believed we could attract them back into mathematics although we did
not yet know how we were going to do this. We asked ‘the funding agency
to trust us and they did. Three years and 3125 000 later, I think we
have something to show for that trust.. . -~

2,

- First of all, we decided to have a public relations campaign for
mathematics as the people at Berkeley. and UC Long Beach have done -as -
well., The brochures appended to this paper are the”latest in the -type.
‘we have been distributing since the. beg1nning of our progect.' Every
student in the un1ver51ty rece1ves about six of these a ‘year, " and B
- adults in the community get one ‘or . two. The purpose of -this bombardment
is to. force .everyone to. rethink their reasons for avoiding mathematics.
Our ‘ideological position is that one. has every right to avoid mathe— '
matics from strength, but not from weakness. If, after study1ng our
brochure and having an interview with.us the 1ndiv1dual decides that
mathematics is, indeed, not for her, we are not upset. But we insist
that people” consider tak1ng more mathematics. And we have found that
this tactic gets to the heart of the avoidance syndrome because that
syndrome involves not only avoiding mathematlcs but avoidlng even think—
~ing about mathematics as well. : .

, - The next step for the student. who has rece1ved this brochure and
is wondering what to‘do next is different from the usual course selec-
tion experience in college. The. student does not have;to decide in’
the privacy of her room whether or not to sign up for a course.- Rather:-
" we offer an opportunity .to’ engage in a d1alogue about mathematlcs with
our counselling staff. Where we are different from other programs dlS-h
- cussed here today is that we have integrated counsellors and math
teachers' in our math clinic and we inv1te students and adults to .me
to us and to talk ‘about math. )

The student or adult coming to the. clinic will have an entry inter—
view, during which the counsellor will elicit from her what we refer to
as a "math autobiography," recollections about school, about parental
attitudes, about particular teachers and at the end we ‘ask what was. the
last mathematical idea the student reéally understood. This is the
moment when trust is ver; critical, because after a long pause, a
student may admit that she never went beyond addition ox fractionms.
This admission is quite comparable-to a psychotherapeutdc experience
where someone will say to a doctor something she has never been able
to say outloud before. The counsellor's response is to be tolerant
and to say, "Well, then, let s go back and talk about fractions."

. ’ o

- For some number of students, indeed for most of them, this one—to—
one experience at the entry interview, followed by an exit interview
after the course has been taken, is all the counselling they really
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need. Vor others, however, th1s is not sufficient to get them back into

mathematics. At ‘the end of the interview, the counsellor and the student:
will decide on some program: either non—credit modules, two weeks or six
weeks in length, or one of the pre~calculus courses we are teaching, or
moia counselling, Many students simply need more of a buffer and the
promise of continuing support before they will enter a math class.  And

“for these, one-to-one counselling can continue as long as needed. Our
longest experience was with a student who, you might be interested to

know, was not poor in math at all. She was taking a course in linear

"algebra and doing about B:work. Her problem was she couldn't ask any

questions in class, She was mute. She dared not even ask her teacher
a question aftermclass. 2

But for most, a few meet1ngs with the counselor followed by a non-

credit, non-threatening experience in math are suffic1ent. Then they
‘graduate to our, courses.

What we do in the sub—calculus courses we have 1ntroduced is. non-
radical by intention. ‘e believed that we could not get a sense of
the benefit of the counselling dimension if we manipulated too many

~variables at once. So, essentially we are doing conventional pre-

calculus mathematics. We have of course the ideal teach1ng situation..

‘Qur classes are small and homogeneous. We have a very. fine, nurturent

teaching staff, and the teachers are not above interacting w1th the

_counsellors. The counsellors will. come into class at their invitzzion

and then give them feedback as to what kind of group dynamics are taking
place in the class., By maintaining a normal sequencing of courses and
using ordinary textbooks, we feel we can make a judgment abbut. the value
of the support system. ~ L e P

.As the' student goes on into the credit course, hé or she knows that
there is continued access to the counsellor. "It has what the economists:

“call "optjon value." The fact that the counselling is available, that

there .is a place to which the student can go to talk about what is

‘happening—or the level of feelings—in math class, is important. Also

important is that we emphasize feelings in our ‘teaching, We urge the
students to monitor their own feelings, their ' self—defeatlng self-

talk" as they learn. This ‘way we believe we can make students ultimately
independent of the counselllng service -insofar as they can begin to
counsel themselves.

“In working with adults we use ‘a somewhat different, technique that -
for reasons we do not yet understand hasn't worked very well so far
with students. Tt is the equivalent of group therapy. We bring a group
of 8 to 12 adults. together under the direction of a math teacher and a
counsellor and have them share their math°autob10graph1es while getting -
to know one another-and building up their confidence. During the ini- -

‘tial few sessions, the math teacher remains somewhat to the side only

participating if mistakes and mistaken notions -about math are expressed.’
After that, some math learning takes place. - Since this is never a

credit course, the group can determine its own agenda When the agenda
is being set by the group, the dynamic of the class is altogether differ-
ent. The group may say, "We need more on this,” r "Isn't it time td
move °nn7|l N . . ’
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Also in this model,  we ask the teacher to stop working after no more
than 20 minutes so that the counsellor can lead the group-through "pro-
cess." '"Process" is a group therapy term that means that the group will
go back over everything that happened in the previous 20 minutes and try
to talk about the feelings that the learning experience brought forth.

In the book I have just written, Overcoming Math Anxiety, I have a
chapter in which I have reproduced almost| in novel form the first 20
minutes of such a group session, so that. the reader can get a sense of
how this operates. In the particular session that I recorded the math
teacher became so enthused by the. feedback ‘that in his excitement he
got carried away. He went to the board and\sald "Well, this leads us

~ to the next interesting point. . ." And the\counsellor stopped him and
. pointed out, correctly, that some members of\the group had been left
- far beh1nd Co ) I \ .

Ip terms of evaluation, we are. trying to, follow up what our ‘students™
do in the semesters 1mmed1ate1y succeeding thelr experience at the math
clinic. Do they -select quantitative courses, such-as chemlstry or

. econdmics, and do they take more math? Our results so far are between
20 and 25 percent immediate continuation in math or math—related courses,
Five hundred and seventy-five. Wesleyan students have come.through the
credit courses of the math clinic.since we began, which represents about
one-quarter of the student. body. More importantly; we know that every .
one of those students would not have taken college math without the '
clinic. In addition, 100 students have had’ counselllng and ‘non-credit
workshops, and we have processed 75 adults through our group sessions.

What ‘are we 1earn1ng7 ‘Much in the way a'mathematician or scientist
collects discrete bits and pieces -of data and sorts them out looking
for patterns, my,_ job has been to look at the math autobiographies and

" to debrlef the teachers and counsellors .in order to find answers to the
question. What is there about the math anxious person that d1stingu1shes
. him or her from the math incompetent person? ‘I have written much about ..
‘this and I am sure that as math teachers you would find all of this
important, but in the interest of time, let me mention just a few
things to- give you a flavor of the d1fference.

‘they are a key element in math learning, but because our math anxious
clients seemed to be particularly disturbed by them. Since we have one
word problem.on the board of our clinic at all times and everybody who
comes through the ¢linic (visicors included) has to attempt to solve it,
we have some interesting information as to the varieties of ways in
which people try to handle the challenge of an unsolved problem.

One of those problems was the Tire Problem. A car goes 20,000

miles on a trip; the five tires are rotated regularly. The question
N is: How far will any one tire.have gone? - You may be interested to .
o . know that some people cannot even deal with the question. They think ’
the'five tires are all rotating constantly and that the car is dr1v1ng

. about three :feet off the ground -Al1l that means is that the fact it

ig a math problem has so traumatized them that they cannot use their

. good common sense. R . o
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After we have helped them understand the 1anguage of the problem and
have given them lots of time to work at it,.we observe how they cope.
The math incompetent person will say, typlcally, "I don't know how to -
do this." But instead of giving up, he will "poke around at the problem"
to see what he can come up with. After solving it he explains that there
. were three numbers in the problem, 4, 5, and 20,000, so at some point,
poking at the problem, he decided to take 4/5 of 20, OOO and give the -
product a "reasonableness test.'

Although some math teachers might find this inelegant if not sloppy,
we judge the technlque to be mentally healthy. The student must be
relaxed to be poking around, and to give a tentative answer a reasonable-
ness test is not a bad idea at all. The math anxious person, on the‘
contrary, will not do anything at.alil. She will simply say, "I can't."

Or "This is just the sort of problem I can never do" (before even find-
ing, out -what klnd of work it enta11s) ' ~

- In.as much-time_as we. give her, she ‘gets nowhere.  During the de-
. . . [ . .
briefing as we probe "to find out if anything useful occurred to her at
all, ‘the cllent may say that indeed the‘fraction 4/5 did occur to ler,
_or that she realized at some point that - 1/5 of the time one tire was
- in the trunk or that there were 80, 000 tire-miles being traveled. But °
in answer to ‘the question, "Why dldn t you pursue this line of reasoning?"

- or "Why didn't you do the calculation?" she will say, and we have heard

.this so many times we have.to take 1t seriously, "I figured that if 1t
was in'my head it had to be wrong

‘And that's it. ' Or one of the "It's." Math anxious people seem to’
~have‘no trust in their intuition. Whethe:s this-comes from the school
.experience of not being allowed to guess or because they are. girls‘and
are not supposed to do well in math, we do not know, But this is the
kind of insight we feel, should be brought to the attention of math
teachers like yourselves. And that's why I am here,

i
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,FACTORS LEADINGQTO SUCCESS - PRESENT AND FUTURE

Patricia Lund Casserly

"It's a heady thing indeed to be given an opportunity to make sugges— -
- - tions in public for other people's future actionS The temptation. is '
‘strong to assume the solution—to sketch out a utopian program—and to !
“leave the task and implementation. to ‘others.,  But.I come to you not ‘as g
a teacher or a counselor-—nor as an administrator—but as a researcher,\
one who studies the actions and effects of others ' R,
Q . : o ) ¢
Thus, I cannot cla1m the experlence ~that flows from the exercise of
‘a responsible post on any of ‘the firing lines of . contemporary eduratlon,f
_ whether in the classroom, the school office or the board room. Yet the -
vantage point of the researchers has its advantages, too. Few ceachers
have the opportunities to watch their colleagues at ‘work, let alone to -
e visit other schools in other systems. My work, on the other hand takes
~ me to many classrooms, serving many kinds of young people, in a rich
variety of curricular arrangements-in an equal range of circumstances
* spread acdross our country. To my .constant astonishment, I’ find in these
‘travels teachers-and administrators- -remarkably" ignorant of hHow curricula i
and other school practices do. differ across this country ‘and, thus’, of
‘how different things could be in spec1fic schools 1f people wished to
make them so..

So perhaps I can be helpful by bas1ng my remarks on actlons and o
attitudes I have actually witnessed in real-life schools, and by making
- suggestions for the improvement, at other, equally real 1nst1tutions,
; in the relationship between women and mathematics. In doing so, I Cm
intend to foreswear utop1an dreams and to confine myself to those
things I’ know are possible,”for I have seen them all at work, .°

The - two most recent studies from which my suggestions derive are
easy ‘to describe 'and lead d1rectly to a.discussion of my suggestions.
The first, supported by the National Science Foundation and the College -
Board, was.based ‘'on the observation that preparation for professional
careers in mathematics and the physical sciences is, on the whole,
open only to those college students who pursued the sustained study of
these subjects in, secondary school. In it I sought to identify and,
analyze characterlstlcs of certain secondary schools .that have been -
remarkably successful JAn attracting and holding young* women in strong,
!~ sustained programs in mathematies, physics and chemistry. The study
. examined the curricula, guidance pollc1es and student cultures of 13

*high schools in order to identify those factors that might ‘encourage.
female ‘participation in advanced . high schopl' science and- mathematics
programs——and to identify those that discourage it,

Sy

O

The second, which is presently being carried out thanks to NIE,
18 a more focused longitudinal investigation of junior and senior high
.. school mathematics programs emphasizing the identification of

S
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attitudinal factors which affect persistence in mathematical study by
girls with high ability. Attitudes to.be investigated include those
of male and female ceachers and counselors and those of boys and girls
in Advanced Placement mathematics courses. So far, its findings
strengthen and enhance findings of the broader study so that the
suggestions I.- should like to share with you today are based on my
observations in both these projects.
For the purpose of this paper I'm going to define "success'" as

: "arriving at college with enough mathematics. undér the belt to step
into the full range of tollege majors without hav1ng to clutter up
-one's freshman year with mathematics courses the college considers
remedial."” So for most students I'm talking about four years of
college preparatory mathematics, But more and more I'm talking about
five years of mathematics. That is, sending the girl off to college

. with a solid introduction to the calculus. My experience is in -schools
that do just this and do it very well indeed. But the things I have to
say about school-related factors that lead to success could apply just
as well to schools that do not yet participate in the AP program nor
offer their students the calculus. -

v,

' In order to have a popular, effective calculus class 1n 12th grade
(and let me say that. many students study-it- even a year or" two earlier),
the school’s administration will already have employed a number of
-tactics designed to encourage girls to stick to the full secondary
mathematics curriculum-whether it is a four- or a five—year program.

: S &

. Homogeneous grouping, so accurate and deft»that it seems natural
to--students, is critically important in a subject of sequentially
developed 'skills like mathematics. Bright students in any grade are
as unchallenged and*hence ill-serwed by a mixed-ability classroom as
regular students'Would be in a class for slow learners. ,

The earlier the homogeneous grouping takes place in elementary
school, the better it is for girls on the fast track for social as¥well
as academic reasons. It's easier all dround if acceleration is an
accomplished fact well before sexual self~-consciousness and sexual
stereotyping are issues—-either among peers or among well-meaning
counselors. I'll expand on this latter point in a few minutes.

If a girl“is persuaded or decides to drop off the , track for.a year,
and many do, there t be a way to climb aboard again. The schools -
that I've studied make ‘that. very provis1on. They allow and even

'encourage students to take two mathematics courses concurrently during
a single year. Several have summer Sessions but, instead of these
;msessions being primarily or even exclus1vely for remediation or catch-

+%"ing up, theyware regarded principally as ways for strong students to

accelerate their programs. .

Although young women are usually thought’ of as being several steps
ahead of young men in various kinds of waturity, they, ldke their broth-
ers, often have no fixed idea at grades g, 9 and 10 in what direction
they will go.- We are all aware of-the phenomenon of .the young man .
"guddenly getting it all together" in grade ll The .problem is that .

X -120-

N



n
&

_other hand, boys take mathematics all along since "they'll probably need
it" in the careers that they, their parents, friends and counselors

duting this time when things are "not together," girls——but not boys——
are allowed to-drop math since they're getting B's or C's which "aren't
too good for the cumulative average" (from the. counselor's point of view)
or they're "probably going to end up in the social sciences..." (And
what a fallacy ig is that you don't need mathematics for them!) On the ™~

assume they will have. Yet in these same years girls are trying to
arrange these same hopes in the more -complex context of marriage and
children. At the least, they deserve supportive advice that they not -
sell their futures short - . ' :

In the middle elementary school years (and indeed throughout all
schooling) teachers should be aware of other all too prevalent "kind-
nesses' that are extremely destructive to g1rls and are therefore traps

.thwarting achievement. The first is the "aura—of—the—good—student" trap.

Many parents are made aware of this during parent-teacher conferences.

The teacher talks about the girl's fine record, how bright and percep-
tive she is, how well adJusted and how nice to have in class! The parent -
counters, '"Yes, but she can't multiply. Or divide." Or "Manipulating
fractions doesn't come easily." And the teacher counters,:'Oh, but

she's so nice and bright, she really won't have any trouble in school."”
What the teacher often means is "The girl won't be any trouble." But
trouble she will have as will any normal or brlght boy who doesn't have
his arithmetic skills down cold. I hope that the renewed emphasis on.

‘back to basics and the demise of the social pass will help teachers to

be really kind by being really firm in insisting that no student slide.

by him or her without mastery of appropriate arithmetic skills. In high

school mathematics it is often the arithmetic skills that hold.a student
back——causing hér to take too long to solve equations she well under-

stands. If you're slow and/or hung up on mechanics, of course you get

behind and there's nothing that causes-greater anxiety in many of us.

This is a great time for a girl to break into tears. Now: I'm not

suggesting that this is a ploy for sympathy on the girl's part, although

it may be in rare instances. It's just that girls are more likely to

respond to. frustration with tears than boys are. The important'thing .
here, is for the teacher NOT to fall into the-"tear trap." Don't respond

to the tears, respond to the frustration behind them and try to work the

-problem through calmly. A number of girls have told me that the. suppor-r.f

tive calmess of a teacher had saved them from wanting to .give up

entirely. If the teacher reacts.with undue solicitude the girl is apt
to receive the message, ''My. teacher's sorry for me or excuses me because
I really:can't do this and I cry. Women cry and they really aren't good
in math,” Nonsense. Women do cry occasionally, even gifted ones, and ,

they can do mathematics, .even through tears, but not if the tears flusterf:“

those- around them ‘'or cause mentors to W1thdraw in embarrassment. Male
teachers and counselors who wish to be truly supportive take note.

-
©

And here, perhaps is the place to make a’comment or two about women
and math anxiety. I'm sure that math anxiety exists, but my research im
schools with. strong mathematics programs and ded1cated caring teachers B
does not support the hypothesis that it %s more prevalent among girls
than boys. And I'm rather sorry that math anxiety. has become such a

- popular - slogan for ‘educators and-others to bandy about in- professional

I
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circles and in the media, because it's often used to conveniently lump.
together all sorts of phenomena associated with learning mathematics or
not learning mathematics-that-aren't manifestations of anxiety at all
7T 777" Tat least not- at-first. _ ) S - i
The situation is rather like popular medical writers' recent pre-
occupation with hypoglycemia as either cause or effect (it was difficult
to tell which) of all sorts of pathological living- patterns. I think we
have to be a lot more scrupulous in our thinking about the relationships
of women to mathematics and vice versa. '"Math anxiety," like 'low blood
sugar," is one more faddish, ambiguous term which, sounding insightful
and. portentious, dissolves upon inspection into a bit of cause, a bit of:
effect, and much preoccupation on the speaker's part. If we are to use
‘the term, we must surely do so with care, lest it inhibit,; rather than
. enrich and enlighten, our thought.

In the schools of my study, the place I found true math anxiety was:
not among students but among teachers and guidance counselors, To me .
"this means that mathematics teachers, instead of decrying the products
of the lower grades and the advice handed out by counselors, are going
to have to take responsibility for the encouragement, retention, and
proper placement of young women in the mathematics curriculum. And mathe-
matics teachers are going to have to be responsible for the education of
their peers to-the, importance of mathematics for all students in the
world of the seventies and beyond., ‘Let me emphasize “this point again
in a way.that may help to rearrange your thinking or that of someone
else with ‘whom you are dealing in your school ~

> -We don't let students drop. English because they have trouble spell—
ing, nor because their grammar is imperfect, nor because they don't enjoy
‘the selected literature. Let's not do it in mathematics either. I know
the study of one is generally required by law. But there can be a
climate for mathematics as ‘there is for English. ,I've seen 1it.

-Then too, sometimes schools seem to have a good policy for a bad _
reason. That is, they require that the college-bound student study mathe-
matics at least through the junior year since ''students do best: on the
SAT's if they are studying mathematics concurrently." That's true but
I hate to think that doing well on that test is"the only reason some ‘
students hear from their counselors for perservering in the mathematics ,
sequence, :But such.a policy does get a remarkable number of girls " over :

- the hump" who then go on to takethe fourth or fifth year. By then, mathe-
matics has become a habit and as the transition to college becomes more
imminent, a close reading of catalogués often increases awareness of its

" usefulness in a wide spectrum of undergraduate fields. =~ :

I encourage you and your colleagues to begin to think in terms of a
"report card" for your school—particularly your high school.. Look at
students math ability by sex in grade 7 or 8..or 9—and in ‘the years _
thereafter work to see that agpropriate proportions of these girls—and
boys—succeed in your various mathematics-sequences or courses, Lf they
don't, make it the business of yourselves, your principals, and your

counselors to find out why.
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e Tf there are. less than representative proportions of girls in upper

level mathematics course, your school is not providing appropriate basic
education to that segment of its population. We have rarely thought in

terms like these but let's begin, Can counselling be improved? ' You'll

probably have to do it! Do the girls need.more realistic information on-
the necessity of math baékground in a wide spectrum of college majors and

~.careers? You'll have to be the source of that as well. And what about

your own attitudes° )

Because time is short and I do want to finish “Just let me’ list some’
other characteristics of mathematics teachers in the schools that are
successful in" providing appropriate mathematics education for many of
their wyung women as well as for their young ‘men: -

1. They use.older girls to counsel, encourage and tutor younger
~ girls. An older girl in an advanced math course, several ‘years
" ahead in school, or in college is often easier for these girls
to relate to than a middle-aged "role model" who comes to .the
school one day to tell young women,what it's like to be a '"lady.
engineer" or whatever. I am not belittling the importance for
young women of such visitors to .the school.. I am trying to
point out that ‘they are most effective when they are seen as
part of a continuum of commitment.. Girls, particularly from
.- working class or non-professional middle-class families, want )
- ~ and need to know how one gets from here to there. One girl,
her way ‘to MIT next year, put it this way: "Reading about: Marie
Curie or other famous women scientists always left me sort of
"cold.. You know, how many men or women win the Nobel Prize?
They're impossible for me to identify with. But when a friend
- of my sister's (a senior in college) came back to school to tell
us about what an engineerlng program was like and some of her
experiences in it, ,..!" Which leads me to an aside: Those
" women who are 1dentified by other adults in a school as "good .
.role models" for young women are rarely identified as such by
girl students.. What girls are attracted to and seek to emulate
are teachers or counselors who are seen as trusted oldeér friends,
respected mentors, and informed, assertive counselors whatever
‘their sex, marital status and so on. .

2. Advanced placement teachers as a group seem to thrive on teach-
ing students, even female students ‘'who may be brighter than
they are themselves. This characteristic sets them apart from
most of their fellow teachers and is crucial to’the young women

they. teach. For as a rule, gifted young women are not the
delight to their ‘teachers that young .men are. What is seen’ as

"forthrightnéss" in boys becomes "rudeness and abrasiveness" in’

 girls. Similarly, "questioning" behavior:in boys becomes

_“disruptive“ behavior in girls. _And "penetrating insights" -
become "insolent comments'- and so-on, Such differential atti-
~ tudes towards male and female giftedness persist even among
those teachers specifically trained to teach the gifted: . -

‘3. And third, these teachers have direct access . to their students
- families and use it. If a girl is having trouble or falling

. behind, they are able to call the parent directly to discuss
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what can be done. They aren't content to let the guldance
department handle conferences which may -afford them the oppor-:
-tunity of educating ‘the parents of a student of the importance
.of math for their child.

This has been a necessarlly brief and superficial treatment of some
of the things that go on in schools that are successful in providing
young women as well as young men with the opportunity to take advantage
of a full spectrum of curricular choices once-they reach college. How-
ever, if you adopt some of them in your schools, perhaps when Lucy Sells
looks again at .the options open to students entering colleges and univer-
sities she will not find :the horrendous disparity between viable "options

" for young women and young men that she did a few years ago.

S e




- » o . ~ . {

CHANGE: THE ROLE OF THE MATHEMATICS EDUCATION COMMUNITY .

Judith E. Jacobs

‘There can 'be no doubt that the mathematics education community must
assume a leadership role in changing thlngs so that girls do not continue
to grow up into math avoiders. By the "mathematics education communlty

.I mean those of us who teach mathemat1cs——whether in kindergarten or

graduate school, those of us who supervise those who teach mathematics,
those of us who as teacher educators prepare individuals to teach mathe-
matics, and those of us who belong to professional organizations con-
cerned with the teaching of mathematics, and, particularly, those

.recognized leaders of such professional organizations as the National
" Council of Teachers of Mathematics (NCTM) or the Science and Mathematics

Agssociaticn (SSM). This paper discusses the ways.in which the mathematics
education community can prov1de such- leadership. : s

' : - o

Professional Organizations Concerned

With The Teachlngpof Mathematlcs

The National CounC1l of Teachers of Mathematics is the largest organ-
ization concerned with all aspects.of mathematics teaching and learning
from the’ preschool years through the university level. There have been
but two surveys to determine the sex distribution of the membership of
the NCTM.1l " A 1974 report of the External Affairs Committee of the NCTM

‘states, "The NCTM is the largest professional organization for subject

matter in the world with 52,322- individual members. . .  However, we know
little today about the makeup of this membershlp. The External Affairs

' Committee then reported the. results of a random sample of 289 members of

the NCTM for which there were 222 returned forms. Based on this sample it
was determined the ‘membership of the NCTM is comprised of 48: 4 percent
males and 51.6 percent females:. A 1976 NCTM Member Survey, prepared by
the Marketing Research Department of the group insurance carrier for NCTM
members found that the- reSpondents to the NCTM survey were 49.6 percent
males and 40.4 percent female. !(The survey was sent to a random sample

of 2,251 members and the response ration was 50.1 percent.) One would be -
conservative then, to assume that women comprise 50 percent of NCIM's

. membership and, therefore, women should.comprise 50 percent of those

assuming leadership roles w1thﬁn ‘the NCTM. A study of the sex distribution
of those.individuals in such pdsitions’found that males have had signifi-

_cantly greater visibillty in alﬂ .areas of participation in NCTM activities

at the national level , 5
: R ,
Table l shows the sex. distribution among officers of the NCTM

j\ _ _ .

v

o

1y am grateful to the staff of the NCTM - for making the reports, and
historical records available to me, . This facilitated the data collection

‘. upon which these analyses are based.

N
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In this area there has been only one position in which:the number of men
- who served was not significantly greater (p .001) than the number of
women who served. This was the position of Vice President. Of particu-
‘lar concern_is the disparity in the sex distribution among the Board of
_Directors for the period 1970-78,. for it is from among these individuals.
- that future presidents of NCTM will probably be selected and these are
the individuals who approve the members of NCTM's committees and NCTM'
hrepresentatives to other organlzations

, Individual members of NCTM are able to prov1de leadership by serV1ng v
on NCTM committees, prOJects or. panels as well as serVing as NCTM's repre- -

- sentative to other organizations or national commlttees or boards. Table

' 2 shows the sex distribution in these positions. The® time perlods studied
reflect the NCTM historical records of such ‘service. ' The X4 analyses of

- data on- just the number of male and female embers in these two categories,
assuming an expected 50-50 split ‘based on the. membership data, indicates
' that the number of males selected to serve in such positions is signifi-
cantly greater (p < .00l) than the number of females. Each category was :
analyzed separately. One would hope that NCTM's representatives to other
organizations. and national conferencés and boards would reflect the member-
ship of. the organlzation. Yet when NCTM selects someone to represent
mathematics teachers it 'is more likely that a man is selected, thereby
perpetuating the myth that mathematics and math teaching are masculine
“fields of endeavor. L .

AW

a

"A third area of service, and publlc visibility, is as a partlcipant
v . on the program of the annual meeting of ‘the NCTM. In considering this
data one should remember how important to the professlonal advancement of -
many NCTM members ‘such appearances are. This importance is reflected. in
the tenure decisions at many universities as well as through the informal,
and formal, contacts one makes as one becomes known. Table 3 shows the
‘sex distributlon in.the participation at annual NCTM conventions for
every fourth year for the period from 1950 to 1978. ‘The data for )
presiders, speakers and. workshop leaders (1974 and 1978) were. analyzed
separately. As workshop leaders, the number of women participating was
significantly greater (p < .05) than the number of men. As’ speakers and
presiders, men appeared on the programs significantly more times (p<.001)
- . than women. The 1978 program shows far greater representation of women
than have previous programs, )
‘What does - thls mean’ "It says’ that NCTM's annual meetings provide
. far greater visibility and opportunity for influencing others to male
.- members than to female members. (Remembér workshop attendance is
limited and attendance at these cost an_additional fee.) One could -
argue that speakers must have spec1f1c s»il1ls and expertlse and the
representation.on the program represents the available pool of speakers. - .-
But® how does one explaln the signlficant dispar1ty among presiders’ E

After studying the data Just discussed, one must conclude that NCTM
least 50 percent female. The question is what kind of leadership can
. this organizatlon give to finding ‘ways of increas1ng ‘the participation
of girls and women !n the study of mathematics ‘and- in pursuing careers,
involving mathematics.-
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Recommendation

The NCTM must recognize the legitimacy of the issue of -
sexism in ma ,§hemat1cs education and strive to eliminate
. such sexisnﬁ .

'Thoughxone must acknowledge the recognition given to this.issue
through the scheduling of sessions such as these at NCTM meetings
throughout the country, more formal attention is needed. Those who .
attend these sessions already recognize the problem. Somehow those who
are not here must be reached. NCTM should develop materials aimed

specifically at 1nteresting girls and women in the study of mathematlcs. S

NCTM should continue to provide individuals and groups who have developed
successful programs w1th a forum for sharing these 1deas. ' '

-Recommendation. I B : L TR
The NCTM should seek ways to. demystify mathematics
and humanize the image of the mathematicians.:

Mathematics is viewed as a science which ‘¢an be mastered by few.
Only the very bright are thought capable of doing mathematics. Mathe- "
maticians are viewed as aloof, cool and asocial. Thesé views are the
antithesis of those values which girls are.taught to have, Not on1y
would the. attainment of this goal increase. the participation of females
in the study of mathemat1cs°but it would also increase the number of
males pursuing mathematical stud1es. The net result would be an
increase in the number . of mathematacs teachers employed at all levels.

o
.

"Recommendat ion AL v : - N

The NCIM must convince society as’a whole that being
mathematically competent ==''numerate'=- is as essential
. for society today as belng able to read,

. If more women are.to. be encouraged to study mathematics they must
believe that belng mathematically . competent is not only desirable but -
necessary in today's society. This new attitude -is one which society
in general needs to develop. ‘

£

Recommendation

o ' J L N -
NCTM should seek to increase the participatlon of

e ) women ‘in NCTM activities at the national level.

~ The data presented is incontrovertible. NCTM has failed to provide .
equal opportunit1es for its female members. Specific action needs to be

" taken to increase the number of women' NCTM selects to. serve on commitees,

panels, and prOJects to serve as NCTM's representative to numerous
forums, and to participate on the programs of NCTM's meetings. If NCTM

7
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is to portray mairhematics as a field of endeavor open to all important
,to all, and of value to all then those who speak for NCTM should be
representative of its membership; i.e., many more women should be
selected -to speakkfor the organization.

Similar recommendations should be adopted. by other organizations
which are comprised of, those who.teach mathematics or are concerned
. with teaching mathematics Some other such organizations are, the '
* School Science and Mathematics Association, the Research Council ‘on
Diagnostic and Prescriptive Teaching of Mathematics, the Special Inter— .
est ‘Group on Research on Mathematics Education of the American Educa-
tional Research Association, and state and local organizations _
affiliated .with these groups. The Mathematical Association of America
has made strides in this area, in part due to the guidance of the
7 Association for Women in Mathematics,

¢

- Teacher ‘Educators Concerned With ) “
the Preparation of Mathematics Teachers -

Recommendation
. - Teacher educators should present models for non—sexist
teaching in the mathematics classroom. :

For teacher educators to assume such a role it would be necessary
for them to become more aware of sexism in the mathematics classroom,
This would entail examining the curriculum materials and instructional.
media used in the mathematics program for sexism, Teachers must-not:
only be aware of this aspect of materials but need to know how to handle
sexist materials in the classroom. In additién, the attitudes and
»perceptions of the teachers regarding the abillty and appropriateness
of girls and women studying mathematics and pursuing careers invoéylng s
mathematics should be explored. Teachers are products of society- and
need the same consciousness raising that society at large needs.

_ Ignoring sexism.in the classroom perpetuates it.

Recommendation - B _ L ‘
' Teacher educators must preoare their students to” teach
- mathematics in non—anx1ety provoklng ways. o : : -

This recommendatlon has a dual purpose, - First, if methods courses
are taught in ways which do not produce anxiety among the students, it
418 likely that these future teachers of mathematics will have better
attitudes toward the subject matter. This positive attitude would, in
turn, be conveyed to their students.- Second, “it is important for mathe—
matics to be taught to students in ways which are non-threatening. Only
through having experienced learning under such methods can teachers
gppreciate the.importance of how they present mathematics., Teachers
tend to teach as they were taught. Therefore, teacher educators must
model good mathematics teaching. ' e
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Recémmendation ' E L
14 . )
Teacher educators should be certain that their institu-
tions prepare future teachers of mathematics in the

- gubject matter that they will teach.

One cannot teach mathematics in-an 1nteresting, exciting way unless
one feels competent in one's knowledge of the subject. This’can only be
accomplished through joint efforts with the NCTM and supervisors of mathe- -
matics in seeking to increase the- amount of mathematics needed by
teachers before they are eligible for certification. Teacher educators S

. must also work closely with college mathematics departments-to insure
that- the mathematlcs that future teachers study will be helpful to them.

o

2

Recommendation

Both the pre—serVice and in—service education of mathe-
matics teachers should have a greater emphas1s on, the
applications of mathematics.

Too many mathematics teachers are unaware or:unable to identify how
mathematics is used. Work in:such areas as statistics, computers and
applied-mathematics could help teachers introduce these ideas into the .

«

- mathematics curriculum at all levels. o

A}

§gpervisors'of Mathematics‘-‘

Supervisors of mathematics cdn provide the teachers and students
with whom they work with an atmosphere which is conducive to changing
the sexist world of mathematics education. A supportive supervisor who

ubelieves that women can teach mathematics as well as men and that girls.

as well as boys can, and should, learn mathematics can greatly increase
the ‘efforts of the classroom teacher in ellmlnatlng sex1sm

]

Recommendation

Supervisors should assign women as well as men to teach
advanced-courses and honor classes in mathematics as
vell as to supervise such extra-curricular activities
as math teams; math clubs,*and math m%gazines.

Having women teachers in such positions enables them to serve as
role models for their students. Seeing a woman teach advanced courses

or coach a mathematics team might encourage. young women to pursue such
activities. :

.
‘

Recommendation

Supervisors should promote the ideas of employing mathe—
matics specialists in the elementary schools. '
According to 1974 data, women comprise 83.3 percent of all elemen-— .
tary school teachers. It_is believed that women are more math anxious B

o



‘than men and it is known that women enter college having studied less
mathematics than men. One would expect, therefore, that'women, i.e.,
83.3 percent of 'all elementary school teachers, may have difficulty in
. teaching mathematics in_a ~way_which s conducive_ to encouraging their
‘ students to continue their study of mathematics. One way of breaking
the cycle’ of having the math anxious teach mathematics is by having
specialists teach mathematics in the elementary school. -

V-

Recommendation

‘ _Supervisors should encourage the development of early =
identification: programs so that g1rls gifted in mathe-
matical studies can be encouraged to pursue these
talents.-

; The work of Fox (1976) and Casserly (1975) both indicate that the
~early identification of these students is likely to .increase the chance
that they will continue their mathematical studies, Also, early identi-
fication enables the girls to form peer groups in which they can find
support through0ut’the1r precolleglate school years. '

\

Recommendation

Supervisors should promote the introduction of inter-~
~vention programs in their schools which have as their
goal the increase in the number of girls and young
women who continue their study of mathematics;

-+ Intervention programs similar to the ones discussed in previous
papers can be located in local schools. In addition, supervisors can
join together to develop district-wide programs. SuperV1sors often
have the administrative support which teachers lack to.facilitate the
development of such programs.

Recommendation

. ’ ‘Supervisors should work towards eliminating the option
‘ . _ that all students. have to stop their study of mathe-
matics after the n1nth or tenth grade._,

"Girls stop studying mathematics as soon as its study becomes
optional. Eliminating or reducing this option will not only increase
the number of g’ -ls studying mathematics but will greatly enhance th

numeracy" of tne general public.

Teachers of Mathematics

Teachers of mathematics are on the- front lines in the battle to

‘eliminate sexism in mathematics education. They need the support and

help of the others in the mathematics education community. But much
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of the work in eliminating sexism in the mathematics classroom cannot
_ be mandated or legislated. It must be initiated by the classroom
‘ . teacher; it must be implemanted by the classroom teacher.

»

Recommendation

Mathematics teachers should _encourage girls to continue
. their study of mathematics.' 5 :

_ All mathematics teachers should be supportive of their female
students' interests in mathematics. .Women teachers can, in addition,
serve as role models. They can demonstraté to their students that
mathematics” is enjoyable and masterable, that they are mathematically
competent and that women .can succeed in mathematical activities.
Women teachers should offer to teach advanced courses in the mathe-
matics department as well.as supérvise nonclassroom mathematics
activities such as the math team, math club, or math magazine. These
activities can bé~a source of a support group for girls who are
interested in mathematics.

Recommendation”

Teachers should make their students aware of the .
relevance of mathematics to many careers.

If students are to pursye the study of’mathematics they need to
understand that mathematics is relevant to their future plans. . It is
* particularly important to encourage girls to consider careers which
involve mathematics. - One way of doing this is by inviting women -who
have succeeded in careers involving mathematics to speak-to yéur
classes,’ math_clubs or at career conferences.

e . . : . 4

Recommeudation

1

i

Teachers must change the view that mathematics is ‘a
male domain. :
Though the ways in which this myth is challenged may seem small
it is important to attack thlS-NleW which 1is pervasive throughout
society One approach is to cease telling jokes or using as illustra-
‘tive examples those stories which depict women as incompetent in mathe-:
maticés. You know the k1nd the woman.who "cannot balance her checkbook
- or figure out the tip. " These stories only reinforce stereotypes. A
' second approach is to screen textbooks and media to eliminate those
which perpetuate the stereotype  that mathematics is a male domain.,
- Develop a list. of materialc which girls can use which are supportive
of their aspirations. Thirdly, show your students that mathematicians
are not asocial and cold.. Show the girls that being good in mathematics.
does not mean that one is not interested in people.

v
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Recommendation

The mathematics teacher must work with the school
counselors to help these counselors understand the
importance of mathematlcs to the futures of the1r
students. ~

W
’

In many schools it is the school counselor ‘who helps students plan

‘their academic studies. Many counselors, consciously or subconsciously,

have bought the stereotype that mathematics is a male domain. If these
counselors are to be expected to encourage girls to.continue the1r '
study of mathematics, they must be ‘educated as to the importance of
mathematics for career choices as well as be made aware of the sexist
bias of many counsellng 1nstruments

Recommendation

<

The mathematics teacher must include parental education -
as one of the means of combating sexism in mathematics

- .education.

8

BTN

Parents need to be made aware of the opportunities from which their
daughters will be excluded if they do not.study mathematics. Parents,
should be encoutaged to think of their daughters' lives realistically,
i.e., it is highly unlikely that their daughters will not work during
their adult lives and that the better-paying JObS are in fields whlch
require some study of mathematlcs.

The precedlng recommendatlons are but some that could be impde-
mented by the mathematics education communlty. There' is much wotk to
be q?ne and the time to start is now. :
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MULTIPLE LEVELS FOR CHANGE

Lucy W. Sells

The evidence on sex and race differences in mathematics preparation
in high school -is overwhelming. As recently as Fall, 1977, 63 percent

- . of the. white men entering an East Coast major university had taken

three and a half years of high: school .mathematics (through trigonometry)
or more. Their preparation compares with: 27 percent of black men, 31

. percent of white women, and 19 percent of black women entering w1th three

and a half years or more. Only 9 percent of the white men entered with
two years (through geometry) or less, compared with 36 percent of the °
black:men, 46 percent of.the white women, and 56 percent of the 'black

* women,

~In addition, not every school district offers the basic course in
trigonometry, required for the standard Freshman calculus course. In

. California, only 46 percent of the Unified and High School districts

offer trigonometry. Whether or not a district offers the course appears
to be based on' past demand, which has been related to social’ class
composition of students. .

Inequality of access to high school mathematics preparation needed
for admission to standard Freshman calculus courses requires interven—
tion at multiple levels, rather than remedial work after people ‘are-

admitted to college. These levels include: N the family, the school

_ system, at primary, secondary, and postsecondary levels, the economic

system, through- potential employers, and the political system, through
political decision makers ‘at local, state, and Federal levels.

The Family

Parents need to be adequately informed about the importance of high

school mathEmatlcs for developing job- related skills for their daughters,

Ryl

Ashown on the following page. -

-as well as for-their sons, They need to know that algebra and geometry

are as important for access to non-college vocational and technical
skills, as trigomometry is for students who plan to go to-college." They
need to know. that. -average yearly starting offers for students with new -
Bachelor's degrees are strongly related to the’ amount of mathematics
required in the undergraduate currlculum. o

£ a2 .
-

Average yearly starting salary offers in. the Spring of l977 are

v
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Fileld o Average Yearly Starting Salary -

'Engineering . $16,668

Sciences , ‘ $13,668

Business “and Management $12,668

; Economics T $11,400
‘Social Sciences $10,056

. Humanities - ©§ 9,948

_ .V/NJ//\ Source: Adapted from CPC Salary Survey, March 1978
L N College Placement Council ’

‘Engineering and sciences require the "hard" calculus sequence in-
the Undergraduate major. Without high school trigonometry, there is
no way for the student to complete the undergraduate -major in four
years, Parents, and students need to- know the implications of delaying
- needed high school mathematics preparation, in terms of additional time
and costs of tuition, . :

. Parents ‘and students. need to know that job opportunities for peoplef
with degrees in Business and. Management are good. Further, they need

" to know that access to these maJors ‘requires the "soft" calculus
Sequence, which also requ1res trigonometry in high school.

Paren*s ‘and students need to know the current patterns of employer_
- recruitment. Among the employers recruiting at. the University of Mary—
, land in the Spring of 1978, only 16 percent were looking for new :
¢ S " employees in undergraduate fields which did not require either the :
' "soft" calculus, or the "hard" calculus. One-third were looking for
students with at least the "soft" calculus sequence, and half were
looking for students with the "hard" calculus sequence,

X . [
~ No "Soft" "Hard" :
Calculus Calculus Calculus Total ¥
Récruiters . 33 67 -1ol .. 201

~,

Source: PLACVMENT MANUAL Spring, l978 Office of Career
Development University”of Maryland, College Park,
pp. 33-43. ' - : ‘.

y The invisible effect of the high school mathematics filter has

!+ important implications for equalizing job opportunities for women and
minorities. Parents and students shouvld be alerted to these effects.
This can be done through organizations such as .the Parent-Teacher
Association, Girl Scouts of America, and éven through a public infor-
mation campaign, such as a "Smoky the Bear" éampaign informing people
of the importance of mathematics in keeping career options open.
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'The Educational System - N : _ _ ‘ S

Teachers counselors advisors, administrators, and school board
-members at primary and secondary levels .also need’ to know all of the
above information about the importance of high school mathematics.

In addition, they need to know about the highly -successful intervention
projects that have made a difference in the mathematics achievement of
young girls, women, minorities, and even math-scarred elementary and
secondary teachers and counselors and advisors,

It is especially important to address the challenge of transform—
ing mathephobics among classroom teachers and counselors into math-
enthusiasts, because that will eliminate a major source of the.
contagion.” It is very~difficult for people still experiencing their: own
math scars to avoid communicating thejr attitudes to students, It is
especially difficult for math-scarred counselors to urge higher level .
math courses on the students they advise. -

One important ' intervention strategy to break through ‘the pattern
of creating math scars at every level is the development of workshops -
designed to raise the awareness of people teaching mathematics of how
their attitude toward the subject, as well as toward students, shapes -
student performance. In the past, some teachers may have had a te dency
to confuse the symptoms of math anxiety, math avoidance, mathepheﬁ%a _or
math bigotry (all terms describing closed mindedness about mathematics) -

on -the part of the student as evidence of "stupidity," or inab lity to =~ -

handle the subject matter.

Mhthematics faculty at teacher training inst\tutions are likely to

misinterpret glazed eyes,.frozen, blank faces, and slowness of reaction

time as "ineptitude," rather than wondering how they might communicate
more effectively. This has. important implications for the strengthening

.of teacher training programs ‘in. mathematics for primary and secondary

teachers. Teacher training institutions can take greater responsibility
‘for ensuring that the people they train to teach mathematics leave as
‘mathenthusiasts, rather than as mathephobics.,

_ By'addressing.the problem at multiple levels within the_educafional
system, we should be able to alleviate it within.five years. One '

.important\geasure of our success will be the percentage of women (and

minorities) enrolled in high school Algebra I, Geometry, Algebra IT,
Trigonometry, and in additional-pre-~calculus mathematics.  The problem

"will be solved at the point where the percentage'of women (and, minori-

ties) enrolled in.trigonometry and. pre-calculus mathematics approximates
‘their percentage in the population of students aspiring to college, and '
to majors .in the calculus—based fields. v

A
a

-For women, the departure from SO percent enrollment in the advanced
mathematics’ courses is evidence that something else 1s operating other than
equality of social expectations, aspirations, and access to the courses
“leading to occupational and career opportunity. :

One useful measure of the success of Title IX and desegregation
efforts is to trace the changes over time in the percentage of women , _
"and minorities enrolled in the high school mathematics. courses’ leading R

- - -139- - | \
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to enrollment in a calculus sequence. The departure from trigonometry
of -large percentages of women and minorities .in the population-of )
college-bound. seniors suggests something important about the climate
of expectations in a giVen school :

A more refined measure would be to look at the percentage of
- women and minorities in each successive course: First Year Algebra
: Geometry, Second. Yzar Algebra, Trigonometry, and Advanced Pre-Calculus
Mathematics., The dropoff in percentages of women and minorities from
'First Year Algebra, through Trigonometry suggests something important
‘about what happens in the mathematics classrooms. . .

. ' ﬂigh school mathematics teachers will welcome evidence on ‘the
drepoff rate, once they recognize that job security in a time of
declining enrollments rests on increas1ng the supply of women and
"minorities who are qualified to handle that critical fourth year of
advanced mathematics,

The mere fact of asking thé question, getting the “answers, ‘and
. disseminating it among students, parents teachers, counselors, and
administrators within a district can serve .as powerful consciousness
raising for people at every level. o -

©

The Economic System . '. - =

Employers need to make clear to school systems, and to parents and

students, the kinds of skills needed for upward mobility in the world -

1 of work, These skills include the traditional reading, writing, and
listening skills, as well as mathematics, science, and technical §¥1lls.
In addition, .employers are looking for a set of attitudes conducive to -
getting their job done in a work setting These include some measufe
of self-confidence and self-esteem, 1n1tiat1ve willingness to take

. responsibility, and ~above all, loyalty to the goals and purpose of the

organization. . _

Employers can contribute importantly to strengthening the delivery
" of mathematics skills, by .providing women and minority speakers to-
_serve as role models for junior high school students. The Women and.
Mathematics Program (WAM), co-sponsored by IBM ‘and the Mathematical
Association of -America, and -the Blacks and Mathematics Program (BAM)
o—spansored by Exxon and MAA, provide a dual function. The intention
is to provide role models of people like themselves for students not
aware of the opportunities in the math—based careers. An additional
gide effect is to raise the awareness of white male teachers and
students that competence in mathematics transcends sexX and race,.

" When employers, school systems, and families work together in a .
partnersh}p to equalize delivery of mathematics skills to all students,

regardless of race, sex, or social class, we will have created an
"everybody win_ s1tuation :
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The Political System = L ,

The taxpayer's revolt in California has served notice to political
decision makers at local, state, and Federal levels that taxpayers are
no longer going to tolerate waste of tax dollars;, Inequality of the
delivery of mathematics skills, .based on sex, race, or social class,
is one important measure of .the waste of scarce resources. Another is

- the practice of social promotion of students who have not mastered the:
-skills at one level which are needed to flourish at the next higher
“level. _ . .

The evidence is. that students flourish best in a classroom with
teachers who are competent in their subject matter, who are enthusias-
tic as teachers, and who respect their students as competent human
beings, regardless of sex or-race. In order to respect one's students
as human beings, one has to have respect for oneself. What political
decision makers at the local level need to know is that teacher self-
respect-comes from being respected as a competent human being by the
administrators who recruit, hire, and promote teachers. - The more we’
find - fault and-place blame on classroom teachers for the declining test
scores, the more we interfere with their effectiveness in the ,classroom,
and force them into.a position of finding fault and placing blame on
the students, and on the families which send them to school.

What state political decision makers need to know is that a similar
process operates to reduce the effectivenéss of local declsionmakers in

.allocating scarce educational resources.

What Federal political dec1sionmakers need to know is that a simi-
lar process operates to reduce the effectiveness of state dec1sionmakers
in allocating scarce educational resources at the state level, Federal
decisionmakers have rightfully declaredrthat discrimination on the basis
of sex, race, or physical handicap is.contrary to pubdic policy.

We could cut through some of the paralysis between the educational
and the political system by focusing our energies on producing the )
results of ‘equal delivery of mathematics skills in the classroom. In
the pasf, too much of our energy has focused on finding fault and

'placing blame on somebody else, the students, their.families, the class-

room teachers, the ‘local administrators, society," television, or local,-
state, or. Federal political decisionmakers. ~If each of us took respon-
sibility for contributing our own share toward making education work,

.. we could get the job done with less investment or scarce resources,

"I'm told by peOple who - work in bureaucracies that 60 to 70 percent .

- of their energy is devoted to covering their tracks from attack from -

above, and there-simply isn't enough time or energy left to do the

-Job. I have not yet had an exception pointed out to me. I suspect

that, like human beings, organizations and. institutions thrive and -

Lflourish best in getting the job done under conditions of .autonomy,
- responsibility, and self-determination.

, I've personally experienced two powerful training prograns with
implications for revitalizing the family ,system, the educational
system, the economic system, and the political system. One.is Erhard
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Seminars Training (est), and the other is Life-spring.. Both training
programs come from the position that the world works when we keep ' -
;/agreements, and .take responsibility for the way things are.. Both have
implications for addressing the constraints of belief systems about
human beings,’ based on their race, sex, or position of power and
authority, as well as the power or authority .System in which they are
embedded

It is gratifying to be able to use the work.to equallze access
to mathematics skills as a context for the larger work to strengthen
the- delivery of edication in a. climate of . shrinklng resources.
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COMMENTS ON. THE WOMEN AND MAx"”ATLCS STRAND
1978 NCTM ANNUAL MEE iTNG

- Judith 8S. Shoemaker

o v , . . -

. . . *  The National Council .of Teachers of Mathematics. publishes a-slick
' little pamphlet called '"Mathematics and My Career" which describes how
six people use mathematics on’ their jobs. This publicatiOn is designed
for‘teachers who want to give their-students some sense of how mathe-

matics can be used on the job and would be a handy response for, those
who ask, "Why should I continue to take math? ‘I'll never need it."

-

Let's suppose that a girl asks that question. The math.teacher
 hands her the pamphlet. As she reads, she discovers something. very
. interesting:- "Math must be only for men since this book shows only

men who use- math on their JObS. I guess I just don't need any more
math." : '

_ _ This message, both implicit and explicit, permeates mathematics
. _ education as we can see by the papers ‘presented here—from tzxtbooks -
' and mathematics tésts to the teachers themselves and even their -

¢ - - professional.organization. The message is clear, especially in math-

‘ related careers: Math is a male subject, 6r as Fennema notes, math is
a'male domain. Boys, not girls, are expected to do well in mathematics
by both parents and teachers. Girls who like math and do well in it
are not popular with boys and are somehow different from other girls

‘Elizabeth Fennema did iine’ JOb at idqptlfying a range of
variables that ‘seem to be Eélated to differential course-taking.
between boys and ‘girls. She begins with an implicit assumption that
.girls are at least as intelligent as boys and therefore just as capable
as boys in achieving well in mathematics. But for some reasons,
beginning at about the seventh grade, girls who before this age had
been doing at least as well as boys in mathematics, begin to not do,

-as well. It is this age that girls who avoid math most often mention
as the last time they understood math. It was fractious, or decimals,
AL or word probléms that first confused them and from which they never
- " regained their mathematical "balance." Their confidence is destroyed
_ 1in their ability to'do mathematical problems, their teachers don't
expect them to do well, and so they drop it at their first opportunity.
In addition, young girls have very different career orientations
. from boys. Boys expect that they will have a lifetime at working and
. ~ they-usually settle down early to the. fact that they ‘need to prepare
* themselves for that career.. This is not true for girls, even in this
liberated society. Although lifestyles are changing and less than half
of the motheérs in families with children stay home, young girls still
truly believe that, for . them, they will be wives and mothers first
job holders ‘second. ?hey really believe that their careers won't need
mathematics., B ' :
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- As we now know, many women will be pursuing life-long careers, many
of which need some competence in-mathematics.- Many college majors require -
college algebra or calculus, and graduate studies in the humanities and °
social sciences réquire probability and statisties. NIE recently heard
from hundreds of young women requesting, and in some cases, pleading for .
help in increasing their mathematics skills and in’ improving their confi-
dence in their ability- to leari mathematics. These requests came in.
response to an article. in Mademoiselle.(March l978) magazine called
"Math Hang—ups——How ‘to Loose Them.

To most who wrote- to NIE for more information math was the critical
course ‘that prevented them from completlng their college studies. For
those returning to. college, mathematlcs was often 'a roadblock to admis-
sion. Others wanting to change their careers were often stymied because-
of mathematics requirements. The following five letters indicate the
range ‘of math-related problems encountered by these young women, ' -

I have just finished reading "Math Hangups. It‘was a
fascinating article and I learned that T was not the only -

‘one who is dfraid to tackle a simple math problem., -

s I enjoyed math -all. tHrough elementary school and Junior
“high but in high .school I had an Algebra and Geometry' teacher
‘who screamed at any of us if we: missed a math. problem. I

i’ nearly flunked both courses and have been afraid of math ever
since. : -

- Just once I'd love to be able. to figure out our joint
tax forms or. balance our checkbook , . }, .
I’ d_like to leamm math all over again.. . - 7 - \\s

N

.I am a substitute teacher in business.education-and T,
found the article in Mademoiselle about math anxiety’very
interesting I also realize that I;fit -into that category
Through my four years of college I ‘avotded marh as much as
possible, taking only what was required '

A2

For the past year, I was considering going. back to . <
school for my Masters in Business Administratlon. But I-
always hesitated in applying because of the dreaded math
requirements. Now I feel that I might have a chance to
succeed in this field with your help. o *

v a /

. Thus far I have attempted three years of college and
four college-level math:courses and have passed a sum total
of one. Considering myself a reasonably intelligent person
these mathematical pitfalls have resulted in a ‘depression
and resignation from college. I feel that my problem is
math-oriented since as a pharmacy major at - ) I : .
. understood the theory behind chemistry and physics courses
but when it came to. practical application T panicked. To
: date I am contemplating returning to school and a more solid
‘. math background -might just be the answer. Please send me -t
& any available information you have concerning math anxiety.
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I read the article on "Math Anxiety" and very much’
i felt I ¢could identify with this type of anxiety; I am not
a poor student but I canhot do well in math. I feel I am -
_ a logically thinking person and am told math is logic, .and
. .+ . yet I can't see that. I freeze at the thought of going
' through another math course, and yet I know I have to get
through college, and because I did so poorly in Algebra I
have to take it again Is there-some way you could possibly
* help me? S - ’ ' ‘

.
. [' .

~ \s‘: -
) b ,u\ \~~."\_,

|

A Qvl 'V\“_:' l‘desperately ‘need help in overcoming math anxiety'
. because my fear of,it is so great that I am at the point of
. - L . dropping out: of college. Currently, I am taking a course -

- in accounting and I feel ‘lost. Not only that, math has been
a problem for me ever since ninth grade and my fear grows
. worse every year. " Any information you might have ‘on ‘avoid-
‘ance programs in would be greatly appreciated.
Deep down inside, I really don't want to give up.

What are we doing to help these young women and the future generations
of girls who may eqd up-like them? There are many specialized programs-
: in selected areas such.as the program at Wesleyan, described by Sheila
o 'Tobias. '|/The San Francisco Bay area also has programs aimed at junior
. - high and. high school girls. But as we can see from the'letters, there
Just aren 't enough of these programs o
. i oy o 7 2 . :
. * . - " The fact that such programs ‘exist'is a ‘sad commentary on mathe-.
+* matics education in this country. A large segment of our population
A " (not all women, but a large part of them, plus some men) do not feel
e ' comfortable learn1ng mathemat1cs, do no:; -see its relevance to their
' ‘adult-work roles,. .avoid it at all costs and are therefore cut off
from ‘many educational and occupational choices.

We must cont1nue to explore why this is so. At NIE we are sponsor-
‘ing a $l 2 million two—year research program to find out some of the’
answers. We are sponsoring ten research grants that ‘are exploring.
both positive and- negative influences on gif¥ls' achievement and —
participation in high school mathematics. These studies are taking a
variety of approaches to the problem and include studies of the
relationship between spatidl-vistal skills, sex stereotyping, career -
aspiration, and mathematics learning. Several of the studies are
following girls' decisions. over several years to determine, when deci--
_sions take place. The learning environment #itself will be studied by .
several researchers who are exploring the”influence.of school and
« classroom characteristics on girls achievement and enrollment in
mathematics. Several studies are using a longitudinal approach and’
will try to evaluate the. impact of special courses designed to keep
_.girls enrolled in mathematics. Additional studies are taking a retro-
k-spective approach and studying adults who Jhave math—related careers. .
We. are hopeful that the results of this effort, scheduled for
completion by December, l979 will lead to the design of effective

v
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' classroom strategies that encourage girls to stay enrolled in mathe-
matics. We will devote a year to. translating ‘the research into
classroom practice. This research along with Jacobs' resolutlons
should go a.long way to 1mprov1ng the participatlon of women in.
mathematics.

.

-

NCTM, as the major professional association in mathematlcs ,
education and as the largest professional organization representing
teachers, has a special responsibility in the encouragement of girls'
participation in mathematics. NCTM should .lead efforts to promote

i \“\ the achievement and ‘enrollment of girls in mathematics. The Women
and Mathematics strand at the 1978 annual meeting in San Diego repre-

sents a recognition of the problem. Now we are ready for some action.
A good place to start would be the revision of "Mathematics and My .

Career." - » : : . .
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SOME ADDITIONAL COMMENTS ON THE WOMEN AND MATHE-
MATICS STRAND, 1978 NCTM ANNUAL MEETING -

Dora Helen Skypek

Today's researchers agree that there is no' evidence to support the
notion that females are 1ess capable of success in mathematics than are
their male counterparts. "However, the evidence that women are not
realizing their capabilities is obvious. A complex collection of sex-
related beliefs, attitudes and practices inhibits capable females from
following the linear-like sequence in mathematics taken by’ capable males

-in secondary schools and colleges. The result is a narrow1ng of ‘voca-

tional and professional options for women.

What can one do to ‘challenge or to change these inhibiting atti- .
tudes and behaviors? In these papers, speakers from the 197§ NCTM .
program strand om Women and Mathematics describe or reeommend a variety
of intervention sérategies. ‘Afflack describes a course for "matho-
pkobes,” adult women who feel a crippling insecurity in mathematics.
The course goals imclude helping "students overcome: their fear of
mathematics (and) develop their mathematics competency. Tobias dis-
cusses a project with similar goals for "math-anxious" .women. The
latter project includes a group therapy component that helps the -
participants deal openly with their feelings about mathematics and"
about their expexiences in learning mathematics., -

Like Casserly, I am uncomfortable with the phrases "mathophobia"
vand "math-anxiety" and the attendant implications for women. As with
‘many such labels they tend to divert the attention of the public and °
the schools from the more basic problems of developmental learning,
teacher/counselor attitudes and behaviors, and a ‘'school curriculum

" appropriate for ‘our time. On the other hand, I ‘applaud the efforts

that help adult women (and men) to learn mathematics and to ‘change
their beliefs about themselves and their capabilities ‘relative to
mathematics—and to be quite fair, I can't come up with an alternate
label. I view these effort® as interim, or ‘catch-up, measures—along
with all the-other catch-up efforts of women today.

Liff*describes an intervention project for 6-to-14 year-old'girlsf

. The out-of-school course, entitled "Math for Girls," is characterized

by an envitonment in which girls experience success in ‘doing mathe-
‘matics and become aware of the increasing opportunities for'women in
mathematics., Role models assist in demythicizing the notion that
mathematics is exclusively a male domain. This model for intervention
may be more diffitult to implement than are the ones described for
adult women—at least they don't seem to be proliferating to the same
extent. However, if "Math for Girls" were copied widely then it could

. mean that "math avoidance" by mathematics capable women would indeed

become a thing of the past.
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Nibbelink and Schonberger address the differential influences of

mathematics textbooks and tests. Recent efforts to eliminate sex bias

- from printed materials in mathematics are described. -'Still further .
concerns are raised and further research suggested., As one who set
herself the task of examining a textbook for sex bias—it took about
two hours—I recommend the exercise to every teacher. There is, though,
a danger of becoming acutely (even radically) sensitive to the sex-
different messages conveyed in verbal communications about users: “and .
.uses of mathematics,

.

: Casserly idenitifies observed "real-school" practices that encour-
age girls to take a full four or five years of rigorous mathematics °
courses in secondary schools. Among them are (1) homogeneous grouping
of students-according to ability as early as practicable, (2) catch-up
provisions for students who drop off the secondary school mathematics
track for a time, (3) encouragement for girls to keep their college.
major and career options open by taking the full mathematics sequences,
(4) calm but firm support from secondary school ‘teachers' for girls who
want to “give up" when frustrated by skill gaps in ‘arithmetic, and (5)
concerned investigation‘and action if the proportions of: boys and girls
in the secondary school mathematics sequence.do not match corresponding
proportions by ability in the earlier grades. ,She also speaks to the
issues of role models, differential attitudes of teachers toward boys
and . girls who. are gifted and the involvement of pafents in support of
mathematics capable girls. ,

' These practices can be adopted and implemented in nearly all
; . secondary schools. They do not involve extra-curricular intervention
- efforts and can minimlze the influence of sex bias in curricular
S materials. The practicesiare those of educators who believe that
girls can be as successful as boys, that mathematics is not primarily
a male domain. And that brings us back to the importance of attitudes
, —attitudes of administratora, of teachers, of counselors, of parents,
j of the girls thémselves. - . -
f o I asked a clinical psychologist how she deals with conflicting
/ attitudes and behaviors of participants in the consciousness—raising
| ' groups she directs for decision-makers. She explained that she had
L ‘glven up the therapy, or release~of-feeling, approach. Instead, she
: provides information about the issue(s) of common concern. She
- believes that it is inforimation that has. impact on attitudes and
/ behavior. The group is provided information about the way things' are,
g the fallacies of certain beliefs, the facts of the problematic situa- -

. tion, the things that individuals and groups can do. A group therapy
/// ---- ~ approach tends to dissipate the anger and anxiety participants feel;
they learn to feel better about themselves and others in the group,

3 ‘but little happens outside the group. “When, on the basis of informa-
A tion, anger about oppression or discrimination is channelléed into:
: .goal-specific action, the chances are greater that change will occur
in ‘the larger spheres of influence. .I think there are implications
. _ here for those of us ip mathematics education who. would change the
- prevailing practices and beliefs involv1ng women and mathematies.

’ The research information in Fennema's paper is a'beginning place
for individuals and groups alike.  Fennema reports recent research
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' findings (hers and others), discusses current pervasive myths about
‘sex-related differences in mathematics, and identifies some ‘problems
' -for future research. On the basis of the information reported by

Fennema, Casserly,; Ernst, Sells and others, Burton challenges
eachers of mathematics to examine their own attitudes and stggests

"a variety of things they can do to bring about -change in their own

classrooms and schools. Jacobs spells out recommendations for action

‘(1) to The National Council of Teachers of Mathematics, (2) to
. teacher educators concerned with the preparation of mathematics

s

teachers (3) to supervisors of mathematics dnd (4) to teachers of
mathematics.

. My own recommendations are- tWo-,one is add““ ed ‘to the readers
of this collection.of papers and another to the Board of Directors of

-the National Council of Teachers of Mathematics

o Io the readers:1 Find and organize.a group——a PTA study group, a.
school, faculty-staff group, a departmental seminar, a panel/discussion
session at your affiliated group meeting, a teacher'education or staff
development course, a district meeting of curriculum ’specialists—

that is, a grass roots level group. TFor what purpose(s)? To dissem-
inate the information in these papers:and to generate action goals for.
the individual members of the” group and the group itself. Two weeks
ago, the mathematics supervisor of a large suburban district called to -
say, "In this JRME (May, 1978) article on sex-related differences in = =
mathematics, Fennema says that 'important negative 1nfluences may exist

‘within the schools themselves.' What is-she talking about? And what

can I do about i

Only then did it occur to me to invite him to our departmental

séries of open hearings on'research proposals and” rev;ews of graduate

studies on sex differences in school achievement. The next one
scheduled is a study of factors that influence high school girls -and
boys to enroll in mathematics courses beyond‘those required- for grad-
vation. The subjects of the study are students from his own district.
The point is that we must seek out the individuals and group(s) we
have access to, get current information (research findinge and
observed behaviors at the local level) to them, brainstorm possible
actions and move-on goals that are within our power or the power of
the group to achieve. '

To the NCTM Board of Directors: Jacobs makes the case. that,
although 50 percent (or mora).of the dues-paying members of NCTM
are female, the central pOSlti\hS of power, influence and visibility -
have gone more frequently to male members of the organization. As
she says, '"Thé data’are incontrovertible." As a long-time member of
NCTM, I admit to being a bit deﬁynsive about the data and the conclu-
sions of her- study The uneven distribution of the sexes among_NCTM
officers, committee members and speakers at national meetings is a
reflection of the uneven distribution in the larger population of all

“educators. At the same time, however, we are 'forced to recognize yet
. another symptom of the more basic problem .described in these ‘papers,

. » ?11:9" |
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“~JWhat i‘wooldvlike to see is public, widely—disseminated recogni-

~ tion by NCTM that the problem of sex-related differences in mathematics

is a problem for mathematics educators. Leadership in recognizing the

problem, assessing the problem and promotlng intervention measures has

‘'gone, by -default, to other organizations’'and agencies., Specific gulde—-

lines for the elimination of sex bias in curricular materials and
research reporting have been established and publicly ascribed ‘to. .
by other educational groups. NCTM has done little more than '"go along
with" the prevaillng trends, o - '

e What more can NCTM do? 1Its Board of Directors- and central committees
can assume .the leadership in fostering among local groups the grass-roots

:.1evel actlvities previously described. NCTIM can surely do no less than

other educational groups; and they can do more by g1v1ng encouragement
and directlon to many . of these efforts, .

I'm not surevthat another central committee is the most effective
way to tackle''the issues involved., 1I'd rather see each already estab- -
lished committee re-—examine its own pollc1es and responsibilities for

' purposes of incorporating into its own programming affirmative action

to iwmprove the mathematics education for girls and women.

—. I would like to see NCTM seek financial-support for funding mini-
projects by individuals and locally-based.groups. Dissemination of
information should be a-priority. Some money for intervention projects

" such as "Math fer Girls" (see Liff's paper) at the elementary .and .

middle school levels could be made ava11ab1e. 1 am particularly
intrigued with Casserly's, suggestlon of a "report card" for schools.
She says, "Look at students' math ability by sex in grade 7 or 8 or 9

~ —and .in the years thereafter work to see that appropriate proportions

of these girls—and. boys-—succeed in your various mathematics sequences
or courses, If they-don't, make it the business of yourselves, your
principals, and your oounselors to find out why. If there are less
than representative proportions of girls in upper. level mathematics

_courses, your school is not providing appropriate basic education to
- that segment of"its population." Could NCTM offer encouragement, and

even support ''report cards" and remedial action at local levels by
local school departments? Also encouragenent and support for a group
affiliated with NCTM comparable to those of MAA and AERA (Women Educa-
tors and the Special Interest Group/ResearcH on Women in Educatlon) are
needed . , :

Lt .

9

We have seen the NCTM Board of Directors assume leadership and '
give direction to its members in addressing the problems of other sub=

~ populations’of students in mathematics—the culturally disadvantaged,

the slow learner, the’ g1fted migrants, urban students. It is high
time it also addressed the problems dellneated in these papers-——prob-
lems encountered by girls and women in realizing their capabilities
in mathematics. : '
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