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~ - - Of all minority groups:in the United States, Native Ameri¢ansaré
~"the most poorly represented in the natural sciences, the health
"/ . sciences and mathemati s; yet Native Peoples are the most needful of -
.- . any minority graup-of status improvement in the areas of health: -~
SN education and social welfare, Indian health needs are generilly well- -
-~ known,_as a -the; grim facts”of - Indian underachievement. in- .
education. Evé n though the necessity for more Indianprofessionals-in;

: .. all fields and/for economic de@elopment'-thrc)ughout /fhe Native world -

- tie together/the major areas,of concern, other needs beyond basie

" health care delivery and-e ucation exist in plenty. Most land-based -
Native Americans are in"a serious struggle for the retention and ==,
devélopmentgfthelmd"ttg,ey-qwn;:aad in‘that’s’trugglelies’a’potential -

.. foresters, agrongmists; aquacuiture specialists, chemists, geneticists,
... anima}’ husbandry specialists, and botanists—are all needed, for %
. resource develo nent, management, and planning on Indiz lgnds. -
o Additionaglly..li;%ﬁn teachers'and.programs in these fields agen needed '
. Jo raise the general educational level of Native people, as well as-to -~
.. 7. provide meéaningful career Bptions for all Indians—rural,’ urban,_~
I I’aln_d;bavse-d_:;and not- . ’./‘," : g S N | s
' , levels—have begun towork -
-’ in changing the pattern of Indian under. epresentation in thesciences
-~ . and technieal fields. As Director, of ‘the AAAS Project on"Native ., -
© < Ameéricans in Seience, I have prepared repgrts which attempttooffer . - .
"~ 'perspective- through analysis of the  problem (“The Barriers =~
- Obstructing the Entry off ative -Americana into. - the Natural - ‘
' . Sciences,” M$§ 1976) gn sthreygh a . plan for-remedial action -
'(“,ﬁec’dmmendations for, the Improvement "of . Science and . .. .
T Mgt}iematicg\fducation for *Native Americans,” " BI4. Education
lek: r

. '1‘A-h1'1r'_r'1bér'of.'agehéfésérlﬁdian and non Ir;xdi'a:rx;_cdht'réliéd programs. . .
operating at the national, state, and ,lotg

; / Re's,e_g;gcl; Bulletin, Vol.5,#1,J anuary 1977).This anticle addressesone - -
pi;' the’ barriers. to/a scienti‘fic‘educ,atiqn'; and career and discusses

. scientific; technicaland health professionals, and program developers /
*-"as well. as with non-Indian science educators,. ‘advisors, funding_/
;a/gen‘cy,professibnal,‘aésqciafion'and,‘staff.,-} S o o
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In general, I have found that many different k]nds of barrxers tothe’
. - entry of Indian students into the sciences exist: some are culttiral and
————attitudi nal;-some-institutional;-ethers-techmicat-and-skill -related-In——
" _general, Indian students in the study ampeer to have numerous
‘barriers\ Some barriers ‘are,obvious, while athers are more subtly
harmful r-or no counsel{ng' bad, unskilled teacher's; a negative
" image-of stience amd scientists; no ‘role mmdels; lack of money for
- college; fear -of ‘failure; poor Preparation im basie skills; lack of -
community priority for collegiate education; parental, family or
marital problems; culture conflicts; and poor study *habits; all
contributed to retard educational progress. Those blocks to their
genera:Il education areeven bigger when it comes to choosing “dexiant”
. ¢areers in science and math. Of all the skill.and attitudinally-related
obstacles to success in both their general ‘eghmcation and to a pot@ntial ~ -
" cheice ‘of .a career in the sciences and téchnical fields, however, '
- mathematics anxmty d math avoxdance seem to be the most -
_pervasive-and sertous. Poor preparation in math, combined with a -
. ‘widespread and dehxhtatmg form of math anxiety—as Shiela Tobias
“ * has.termed it in her reports of résearch on women at Wesleyan— -
"appear to be a smgularly 1mportant factor i in bothrcolleglate success
..and career choice. il

" Almost.all of the Indxan students in the “Barriers” study—even
. those w’ho had chosen the sciences and technical fields where exposure .

.’" to; need for, and use of math is much greater than in the humanities—

éxpresséd a great anxiety at being able to do and understand math.

.Most expressed a distaste for math even when they were relatively "

. - competent in{the siills required of them. And even if their anxieties
‘. about ‘ability “math Had been allayed by recent Successes, the
— " power of their l or imagined failyres in the past caused nothmg but '
* ' - troublé for tHem in the present. l\'?is‘t non-science students/avoided”
. math_whenever they dould,

. struggled painfully with it-wHen 4voidancé %as not possxble The
” - problem that math represents ffrthem ecantie clearly unde}'stood
.-+ when one views the statistics of Indian career eHolces—fewerthan five -~

Ph.D.’s in mathematics in: the country; fewer than'ten Ph.D.’s'in th
physlcal sciences, the most math-related of thd natural sciences; less '
‘“than fifteen Ph.D.’s in the “hard” or quant1 cation-orjented social

ey and‘i}:e science gtudents .

E scxenées- and fewer than five in economics, -less’ than' fwo hundred.".
'+ engineers'and fewer than twenty in the computer fields }(Most are in
;. thelow-level two-year prggrams.) In the small sample exghty—fwe

students interviewed for t e “Barriers” project, I spok& with only two /-
* .. math Iajors, several students who had been ' tutdrs,“and several
# sciengg’students who had math minors. But I met a large number of
‘scierlce students wio had dropped mathasa major, ‘and most of those”
" had then entered tb blologncal rather than phys1cal scxences as flelds
ofstudy N FIRE

. .
_ «Jt was not, howezr the lack of math maJors that se@thg most
it 1f1cant fﬁctor m the study It was the wxdeSpread eratwe, fear
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g ]oﬁwréad fear of ‘faili'xme ih math; and he.

|-

_willespread laclkioffinse skills needed to dooxher academictasas 4 .
" (peeaters slide e, ugllerstamd calculator operations-or computsr ~. -
. pmggeames, ssal with fisties, measure and ealculate cliemiczl -
- suplitamees iwr lab wersglileat stood out as major and ominots. Mamy
- stasventssimly ke basic skills,and they sought out orwemre #
assgnest tutowrszo vl by their skill-related prghblems. For some
oftme studems. win raglily pereeived their prob as ‘specificaltw
- si#arelated 7\ new—Whmdersiopd percentages”), tutoring at tham
 pamablieen Jevel wolgtkest. Tigliw learried to calculate perventage and use:a
~ shie=zle. For vameeer the skill-related probilem was the tip af
~ thehiwsberg. A @rge. nofnke- of students reported dropping courses

. befosre they =s\pwriesgpec tfainre or dropping at the first moment they
f‘elt.aﬂnll im? .gm.',(“l was afraid I comldnt hack it"; “1

. wassappose§l o/ lamgmimigebra twice, but I wasafraidit'd be tao

- hard® *I wamidi%e higillifeare math but I was afraid of flunking.”) A

~.simisrly large: pun reported delaying signing wp4eér a course—
usmco ; orr cateudus—until they were forced into it by .
requsfementss g @ Few ever expected to do well in math and
nezey all welioved:# vas the hardest subject they ever had to. take.
The= all seenied towmesuyethat they should have taken more math in
higi=school. ((*'¥% wézl in college”; “I'm not as gowd as I could be™;
“] v a mptsh amd st deficiency now and it’s hard to makeup”; “I

" hae=to catch runEnmEt-~it’s just not my subject”; “Ialways tried taget ,
out s math amd screnedhcourses in school. I went tofindian school and '
all tise.othier Indians 1ried to get out of it. But now I wish I'd taken
aor="“All $mnselw.kept telling me was to take more math, ané

: ad.”) So. they know that scheols think it’s important
+ . ‘tmey know tMley’H neesi z, espeeially those in scientific or technical
fimldE; but it keeps ghenmout and &uses them to avoid the ex-perieni

nev & wisk [fh:

. of {galure. TWoe cirriouSithimg is that very fgyv of themhad ever actuall
i)k ven:tthose (suzprisingly, more women than men in the sampigl -
" forr years of science and math in high schqol, avoidel .

" mmvibared it ' . ,
- : )

y do ‘they-aveid it? What has been their experience of miath? ,
dents what theirexperience of te' historyof thedevelopmerst
matics had been and they replied that they’d learned aboust
tans” and Em;ope'ans‘ contributions. None had heard of Mayar
teal systems or the numbering. sy¥stems of the Sioux.

™

Trocfpis, or Algonguian es. They had either ne khowledge or'a
mugasiive immpression of the ma ematical and scientificcapabilitiesof
Naatizfipeoples. - o . TP O -

s

. ’ A , . L * -
1 asamed them what their r_nath teéachers had been like in grade school »
_amd im#ighischool. Very few replied that math teachers had been bad
temehess'per se. Seweral mentioned that teachers were not reglly math
ﬁergimt coaches, for example, and that was pbreeived as bad. The |
‘ omimamt feelimg was that math.and science teachers had the
repyitatiams of beimg hard, tough, unyielding, and difficult. (“The

v . , . X A}

rmea g g
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. temchers amd the ,cpurég haxz s2®ad reputation”; “Science and math -
; teachers hud a reputation zi~saing hard.”) | 3

. & P

Severai jllid that their sumth teachers had beelll good. (“There’sa
‘ her here” “The math teachers thewe really lived and
thed "), but that tieey juort didn't like the:subject. (VI liké my
tesmcer here, particmlark: math methods, but not math.”)
eificalily-and fairly unizsimiscthe students d@idn't like the morg
AL cts. comTSes. ebra and emfeulus are the most feared, most
ik most dfSliked mpuremes of all, while geometry and
ety appear to hawe 2 affirmative reputation. (“I tried
: : gh.1just don’t like it. But Ilike.

geoimetry.” “I likereo ated to daily life, and I can’t see
AS I ve a general problem in abstract .
g.”) Whether the pro #is related to abilities to.do abstract
. with 'a Western lineear mathematical system), as sowe
lae suggested, to possrpreparation in abstract reasoning,or
onal fear of abstrsatereasoning, I canmot say. But the
ctudenifilin general, do not Wke and are afraid of those forms of
+mathersfiiies which do not yave a highly visible applieation -to
cuily/mhhlmicaﬂi* related pr@ and which require abstractionasa

Ariotmer problem—beyond, <y teachers and fear of al.)stracti'on— :
-«egemns, s lie in the compulse: v ¥nd rigidified nature of mathematics
grmmg and school course Téquirements-as the students perceive
em. Sesnetimes, because i warticular course was to be taken ata -
sertzin period and sequence :n the schooling (calculus after college
algebrainsecorid semester,-ireshman year), students were placed in
: courses-they did not feel ready for. (“The counselor insisted I go into
"« calculus, but’I knew I coulddn’t do it afid dropped the course before I
" flanked.”) Little account of the student’s. real capabilities, as’
determined through testing and perquﬂl interview, assessed where
> the student was. And in another sort of instance, students were told—
in.so many words—that they ought to be afraid of mathematics; that
they would indeed fail. (“I gos counseled out of mathematics into shop
beeause the counselor said I would flunk” "t was advised against
.taking algebra courses because I'd garfe to a small school.”) In yet a
.~ third situation, the student was stopped fxom going on to a higher level
- seiencé course because-of an-arbitrar, igid course sequence or
" decision by an administrator, and.thus t®¥fied off permanently to the
_‘subject. he/she wanted .to take. A very guperior 'S:n%jr Pharmacy

+ student told of wanting to take a senior ghemistiy coyfse and being +
‘" told by-the principal, a math teacher, that she could not thke the"
" chemistry without taking calculus at the Ssame time. She sl harbors
‘resentment against.the principal and, not at all gurprisingly, against.
"¢ math. Inmy own case, I was told that mathematigs deficiencies meant
. .* that I should drop out of pre-med. As with the other students, no
remédy but droppi_r‘g or ‘avoidélq‘ce‘ was suggested.
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~Se, mahy ‘students 'di'o‘p' math courses they héed for-future waark,
_ courses they meed for basic skills, courses that would lead them toa

- _Sreater levelaf achievement,and courses that ¢ould prepare them for

-«

-

-

“
-

. of a perception of themselves as hopeles§ly incompetent in the

) certain careers before they fail. They think twice and sometrmesSite—

- finally about certain careers in scientific and technical fields beczuse -

e

mathematical skills rieeded for the career. Sometimes, as inmy caae

', and.the case of the Océupational Therapy major who. stayed out o’ tue

" field for several years because she’d been told she’d need a liot of

«their sense of the mathdipatics eompetence\they need is xTo
Some studemts’ fear and loathing of math' are carried- mto
_ elementary education majors and on into the schools where
tranémit that feeling 10 students. And if they teach Indian stt
another, generation con inues the pattern. One smspects th:

perv. ive fear and dislike of mathematies is not uncommon ong

. " schoolgkachers in general. How much more problematicisit thatsuch

. an.atittude is passed on to students who have neither role models nor

" miodels for success in those areas of learning?. | .

.?-'

a Add to théi’r"bad_eip.eriences with math learjming a genaz*azed‘.

* negative image of science, scientists, math and mathematicianss*¥and
¢he reasons fior their. math avoidance behavior becomes clemrer . To
" these students, mathematicians are “calculating,, obsessive. sloppy,
.out of touch irB¥ personally, isolated, remote, rough teaehers, amd
‘hard workers.” Even those students who had had math teadhers they
both liked and thought were good teachers felt this way intheabstract

.- those terms, and who.would want-to succeed ina field if indeed it

\ "about mathematicians. Who wauld want to be described by mosz of -
N

L
«

-

—

e

’meant that one would become—in the abstr;ot—ljke those wo arsihe

./ professionals i the field? Ma.the'maticssee'ms to have a mysTgue
» attached toit. Itis hard, thestudents feel; ip fact, the hardest sutysct

for éveryone. They believe math teachers are mean andhard “miythe
very §martest people succeed in athematics, .but they are cold,
" ratienal, distant, beings lalckir;_ig indociability and personal warnrth.
Math has little pragmatic use, but even when it has clear praczizal
.uses, the way tolearn those forms of math areblocked and obscured by
unpractical, abstract, useless forms. One capnot do anything of-
scientific.importance without mathematics; indeed, without a
‘command of math(oneT somehow a lesser lightpo matter-w at their
ies) Math majors are the “brains” in schools. .And

" most "n\mority, and female students, no matter what their real .

‘.- “brains.” R

- competencies and

otential, have difficulty envisioning themselves as
For traditional Indian students, raised in a commﬂnity.‘-orieﬁted
_ world where the maintenance of harmony and equilibrium means

. never being singled out for reward or status,the traditionial image of .

‘the ‘Toner mathematieian and the traditional question-answer-test-
. competition based classroom creates discomfort. and encourages.
failure. When they Have no Indiafl people as math teachers, see little -

. - o . . " ! ! . .
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-application of matmematics to their careers, the learnify* of
‘mathematics is seen as a form punishment rather than as either a
careerylife-tool cor an erderly, logicat system which can bring pleasure
in and of itselff . i - - . .
Math, physics and computer-Science courses which are both devoid
. of warm, persoual, friendly relatjonships at-the base of problem-
solving and whaichs bear o resemblance to the stydents’ real career
..\, needs nor to therneeds of Indian people as they perceive them cannot -
> succeed. Moreawer; when the ultimate goal of @ math and physics
M '\ing'or is. translated into production of graduate level research
scientists or teaehers, as the Indiap students’I interviewed perceived
- it, the limitatioms of the fields combihe with.the neglative perception of
the learring e=xperience to drive students away from. those fields
altogether. “Hib didn’t value the field, even-though he was as good as -
any student I' seen,” one professor said of a drop-out science major,
* and the same appears to be true of both drop-out math majors afid -

.

-

math-anxiaus stience and non-science students.
But is the pictare all bAd vis a vis. math?It is not, and some attempts*-
“to-addresy the problem hav: sgcceed_e;]. While I Rave.nat seen the
* -adoption ¢f full-seale thath™anxiety climics, 'as in the Wesdeyan and
- Mills Col models for women, several programs have-developed
and are westamg At Bacone College in Muskogee, Oklahoma, an NSF-
Minority Imsttutions Science" Irﬁi)l'overrlent.~r ®rogram-funded, -
program for the development.of individualized mathematiés and
science cyrricula has resulted ina considerable change in attitudepn .
" the part of, tudents and/teachers. The head of the program told me
' that e completely altered his opinions about the.necessity of a
conventional mathematics instruction. And the students, using.the . -
- programs with tutors, many of whom are Indiart, are-changing their N
minds about math and their own capabilities. “I can’t take tests,” one
" student said, “but here at Bacone, they have individualized prograrms .
* and I can work through the problems myself. Also, the nrath.teachers
. here don’t have lower. standards becaus® wejre Indian.” (“I have
trouble with Algebra, but now I see’it as a challénge. Pve fead about -
. famous people who've failed m4ny times beforé they succeeded. My
- tutor be)lieves in me and I'm learning to beljeve I can do it. My math
‘'deficiericy has held me back; but there are good.math tutors here,and .
the individualized programs make it easy to work without being
~ . embarrassed.”) The one enthusiastic math major I met was a tutor in
7 this program, and he had already worked hWis own way through .
: calculus and wasTeady for differential equations when he transferred .~ 7
». " to the Uniyersity of OKlahoma in the fall. At other schoSls like the
~Universityof Oklahoma, the BIA Indian Students Services Officeand
« the Indian Engijmeering Program had provided tutors for ‘the v
- students. And z::me students had respopded again to the %
Jindividualized, self-reinforcing tutorial even . though no special . -
;. program had been developéd for math instruction. “I dropped school
altogether because of math and physics,” on€ engineering studenttold = *

-l
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me, “but I came bgck and nade it with. a tutor.” For some, the
difference was made by finding a teacher they-liked and trusted. “14

- changed math teachérs to one I liked, and thg_n it was okay. My math
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. * something.”) And for others, at . the. So'uthwesterr; _(*l.aho'ma State -
- Univergsity Minority. Biomegdical Science Program, fo example, the
: . supportive framework of | everal students in the same program
. workingiogej:heg’ and sharing similar anxieties afnd successes, made
‘ " " the difference between success and failure. “You know; when you
work alone, -you think it’s Just“yoy with the problerp, but here, 1:
realized I wasn’t the only dummy. I could even help someone else -
sometimes.” L : T . .

Thus, Eourses, programs, ren editl activities—all could be turned
around and ‘changed to o;?; the Indian student a supportive
agmosphere for mathematics learning, whatever the ultimate goal of
the 1learning. Thdividualized, on-competitive, program or .

. relatior'xship-‘based, instruction, tutgrials, math anxiety clinics_ and/ .
‘- individual therapeutive sessjons/ for mére .deeply seated and. . -
debilitating problems, exposure t9 Indianrole modeis in math #hd

I math-related fields as well as to Indian peer tutors, programs and
courses with an applied focus irectly related to a career or
community neged, initial mathema ics skills education based on' the
math ‘of everyday life, culturally-based ‘mathematics .education,

- demonstrations of processes rather than the formulaje applicatjons of
rules to obtain product-answers—all could make the differefice in the
mathematics experience and competencyof Indian studenfs, I cannot

. .~ help but think that the benefit would be to the scientific, technical and

"« ' mathematical fields as well as to the general-education of Native

. Peoples. . LN
- The curious thing is that most of the students in my sample came
. from public school”and indeed, over 60% of AmericanIndians now
o attend public schools'in urbgn centers and semi-rural areas, fust like '
. the students in-the “Barriers' study sample. I have coneluded that, in
P " general, the publie schools’ preparation of most students inyscignce
»#  and math is sadly wanting;. that it is most doubly ‘wanting when it
© . comes toanswering the needs of minority students; that little attemypt
~ is madeé to answer to specific rpinority charactepistics.or needs when.
N - attempts are made to femedxs the problem; and -that the kinds: of
" Indian students who do not share in the fairly respectable public -
education afforded many of the student in my sample may bein worsg - -
- . shape than anyone else. Thus, much of what is wrong with the pre- and
post-secondary mathematics educatipyeceived-by these students is -
. Wrong wit® public education’in.general! Much of what ¢an be said of ’
these students can be saM of semi-rural, small town, piblie school
”  educated, hower. middle to lower class students everywhere,” and .
recent test scores tel] us that the same can bgsaid of their middle to .

-+~ upper mid"'CI‘a._s/s."l.‘?e%r g'roups"in.the éities{a's well. But inu.c,h of what ..
',' -"' h " v-:‘ “ . - '__‘ 'v'x '.. \..( . . N . LS ' |7 . -
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-* ds  right about these vstudents—thejr abilities, perseverance, .-
f

toughness; essential mental hedlth, aspirations for themselves and-
. ‘theip _communities is,right about any_group of stadents who've
striggled to do what they've chosen to'do. Apd there is much that.is

~ ' right about the kinds ofedu
of ‘the obstacles in their

catorsswho have attempted toremove some
path, to do what they’ve chosen ta do.

Mathematics competenty is at the heart of a‘major gbstacle both to

career choice and to achievemen

- comimunities. And change

‘competency fez- Amgrican
benefits that S@s
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itive change

t of skills now lacked in Indian_

is needed to ihsure general mathematics

Indians, both capable and needful of the
would bring. - ° A
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