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bilingual
educators have
often regarded
mathematics as

an area which
deals with
absolutes and
universals . . .”’

Most attention by educators to bilingual instruction has been, and continues to be,
directed to such language aspects of the curriculum as reading, writing, language
acquisition, and communication. In the California State Department of Education
publication. Schooling and Language Minority Siudents: A Theoretical Framework
(1982), for example, little attention is given to mathematics instruction. Most of this text :
is directed to language arts and reading, even though this is a basic reference on |
bilingual education for a slate with a large population of bilingual students.

This lack of attention to. mathematics instruction for bilinguals has many causes.
Most :bilingual researchers and specialists are linguists and language experts who,
recognizing the heavy language foad placed on bilingual students and teachers, have
attempted to offer help in those areas which seemed most obvious and most pressing, )
Further, since bifingual specialists and researchers are usually more knowledgeable about
language and linguistic matlers, they tend to concentrale on their own areas of
specialization. A third reason has to do with the perception of many educators that .
mathematics is a universal language of symbols, a process that almost transcends
language concerns. With pressing language problems to handle in other curricular fields; -
bilingwal educators have often regarded mathematics as an area which deals with
absolutes and universals, and which may well be one of the first areas where students
can safely make the transilion from their first language (L1) to their second {L2), since
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- programs.

- undergraduate participants,
“errors in solving mathematics and logics problems in English more because of semantic
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o 2+2 always equals n the m_,m:BE: goes, in any language.

- Recently, however, researchers and theorists in bilingual education have E_.zmn_ more

apention to mathematics ln bilingual pregrams, These studies, while still scarce in
“relation to the s:EGma of wEn_Em about language acquisition and biingual Rmaﬁm. are
“attacking such problems as the complexity of the interplay between language and

mathematics skills’ for bilinguals and are beginning to offer guidelines for better

‘mathematics instruction. The suggestions, while still tenuous in nature, do give starting

places for designing more comprehensive and more effective bilingual mathematics

" Suggestions For ~=.~”w31=m Mathematics Instruction For Bilinguals

The following instructional procedures, which are based on a review of research on

‘mathematics instruction for bilinguals, offer promise:

1. Develop E:nmm.m_ students' first-language (1.1) competence, especially to improve fater
mathematical ability in English.
Develop bilingual studenty’ second language (L2) proficiency.
. Teach mathematics to E:” gual children bilingually.
. Recognize the role of language in mathematical problem-solving.
. Recognize that mathematics is not necessarily a “universal language’ for bilinguals.
Teach mathematies vocabidary directly and systematically.
. Consider pairing L2-dominant students with L1-dominant stodents for English mathematics
instruction as one grouping method,
8. Teach problem-solving skills directly.

"¢, Understand that secial-interaction palterns can affect mathematical achievement.-

10, Use culturally relevint sifuations and illustrations.

11, Use wsa?waﬂm_mw& instruction and a diagnostic-prescriptive approach.

12. Provide extensive staff development, including opportunities for bilingual mathematics
teachers to develop their own malerials:

13. Develop a planned, umnm_”.a.v::m&ummoa model.

14, Recognize the positive effects of bitingualism on mathematics learning.

- Bach of these mCmmmmacE is discussed more fully below:

1. Develop ?ba%t& studenis® first language (L1} competence, especially to improve

‘. later Sﬁrm.ﬁmzma\ reasoning ability in English; Dawe (1983) found first-language
‘competence to be an important factor in the ability to de mathematical reasoning in

English for the varied-background, bilingual British nEEBP.mmaa 11-13, he studied.
Denker's (1977) research on primary-grade, Spanish-speaking children reinforced the
importance of mamﬁmnm:mmw competence as a factor in achievement in mathematics. She

teoncluded  that children ,w&o are instructed in -their native language perform in

gccordance with their ability in the subject area, as contrasted Spanish-speaking children
who receive mnmﬁﬁn:o: only in English, and perform in mathematics according to their

o mum_u: noﬁuﬂgrn.

2. Develop ?bzwz& E.:&mxa second-language (L2) proficlency: Special and infensive
atiention fo second-language proficiency appears to be important to mathematical
achievement of bilingual students, Gerace and Mestre (1983} reported that the Hispanic
in their study of barriers which impede Hispanics, make

difficulties than because om difficulties with content processes, Mestre's (1980) study of
Spanish-speaking science m_.a engineering majors at MIT found that the mathematical
performance of these cEzwzm_m was more dependent upon language proficiency than
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was that of monolinguals in the study. Denker (1977), investigating the mathematical

performances of Spanish-speaking second- graders, concluded that children whose native’

language is not English perform according to their English competence when instructed

in PEE:. Mestre, Gerace, and Lochhead (1982) found, from their study of Hispanic
engineering and science majors, that their mathematical translation task was w:o”.mm
strongly correlated with tanguage proficiency for bilinguals than for Eomo:.nmmm_m. g
Mestre’s (1981) study of undergraduate engineering and science siudents reported :Em }

the bilingual Hmumnmm:-mnm:mg group exhibited a persistent and statistically significant

correlation between language-proficiency measures and scores on mathematics..

examinations which ﬂ.mnc:nm virtually no language processing; a similar correlation was
w:& :..ucz.a ﬁo_...E.omo::mcaw. Gerace and Mestre (1981), who studied bilingual Hispanics
in technical fields, reported that these -students’ technical skills (e.g., the ability to

translate verbal statements into mathematical equations, and the reverse) were more

strongly correlated with linguistic skills than were those of monolinguals

3, Teach mathematics to bilinguals children bilingually: The importance t0-

mathematical achievement for instruction to take place bilingually has been underscored

by several research studies, Bacon, Kidd, and Seaberg. (1982) reported that the
nxﬁﬁ_smmcm_ achievement of Cherokee eighth-graders ws?oén_ for those who rmm .
nmnm:.ma four to five years bilingual instruction over those Cherokee students who h n.
been .Sm::n:x_ entirely in English. Rosier and Holm (1986) found that the bilin mmmwm
Navajo elementary-schoo} children in their study who had received bilingual Em::oﬂo: :

scored higher on standardized achievement tests, including mathematics, than did

students who had received English-language-only instruction. Additionally, they found

that bilingual students who were taught mathematics in Navajo and English until the:

end of second grade scored significantly higher in mean scores on the Total Arithmetic -

subtests than did Navajo students tanght in English,

4. Recognize the role of language In mathematical wxam\mi..,d\s.zm_ The interpla
cﬁsam.: language and mathematics tasks is of special importance to bilin M&M.
according to Rmmm:..z. Coffiand and Cuevas (1979) studied the learning of Em&mamm:o m :
concepts by English-dominant and Spanish-dominant, bilingual, primary-age QEERM
Among other results, they found that children’s ”mzmcme skills had not no_sw_mim

mwﬁﬁng c.m first grade and that there were specific usages that occur in mathematics .
teaching which cause children difficulty. Gerace and Mestre {1983} found similar kinds ..

of results in their studies of critical barriers to achievement for undergraduate bilingual

sctence and engineering students. The underlying theme they reported was the intricate -

interplay among language and various problem-solving tasks, with semantic difficulties

miore important to problem-solving achievermnent than was knowledge of the content of -

Eu:._mm._m:”c.w. In sum, errors caused by misinterpretation of the problem statement were -
more ¢rucial than errors caused by mathematical deficiencies for these students :
m Recognize that mathematics Is not necessarily a “universal E:w:mwm: Jor
....&Sm:a.w"“ While mathematical symbols are fairly universal across cultures, there ar
Q_:om@:nmm. Proof processes, division set-ups, and commas and periods .E nca_um
moﬂmmo? for instance, are different in Spanish and English. The mental pro .
required for division, as taught in Latin American nocila.m .mOa example m_wa mﬂwm
processes taught in the United States, while similar in _.nmc:.w require acma &muam
notations, problem-solving steps, and mental tasks to be done ,._1505 using penci! and
paper. The depth of mathematics vocabulary and concepts necessary for mEMm t sm“
?_é fearned division in this manner to explain such differences to U.S.-trained Nwa:mo
is, consequently, of even greater complexity than knowledgeable, E_”.E.o:.:m:m_ m:amm”
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Lwouid typically have, Ummmﬁmnnm oceur, as well, in these mathematical processes in
other languages. o .

Dew (1981), in her summary of materials, processes, and programs for jearning-
-disabled, m_oamwﬁmé‘wn:og bilinguals stressed the myth of mathematics as a universal
language. Mestre (1981) mo_.wsn_ that, for the bilingual undergraduate science and
engineering students in his study, even on mathematics examinations which required
Calmost no _m:mcmmm“uanmmmw:m. there was a petsistent and statistically significant
-correlation with language-proficiency measures; no such correlation was found for the

menolingual students studied.

6. Teach mathemdtics vocabulary directly and systematically: The importance of a
deliberate and mémawmn, atfention to both native and second-langnage mathematics
vocabulary is supported by tesearch. Gallegos (1978) developed and evaluated a model
< for training gwama& (Spanish-English) mathematics teachers. He concluded from his
" research that instrucfion which emphasized basic Spanish mathematical vocabulary for
each topic was more effective than that which did not. Cofftand and Cuevas (1979),
‘who studied mmmmmw-moawmmmw and Spanish-dominant, primary-age chitdren, found that
‘there were specific language usages which occur in Em&mamzom and cause children
difficulty, amvanmm:w since ‘primary children's language skills are not completely

developed. !
One conelusion” from Gallegos® (1978) evaluation - study of the effectiveness of a

mathematics training program for bilingual teachers was that mathemalics instruction in
‘the elementary school involves much more than the four operations of addition,
subtraction, multiplication, and division. This conclusion is supporied, as well, by such
* publications on mathematical curriculum for monolinguals as the Mathematics
% Framework, published by the California State Depariment of Education {1985). This
widely-used framework is typical in that it stresses problem solving/applications as the

- overall umbrella for seven strands of mathematics (arithmetic numbers and operations,
geometry, measurement, calg lators/computers, probability and slatistics, relations and
functions, and logical thinking) which tun through each year of the mathematics
- curricutum, grades kindergarten through twelve. Such a mathematics program imposes. &
higher linguistic load on nr_:m:ﬁ. as it emphasizes higher-level thinking and process
skills which are mmva:mmmw on increasingly sophisticated levels of mathematical

" vocabulary, :
7. Consider pairing L2-dominant studenis with Lil-dominant siudenis for English
mathematics instruction, as ”mzm grouping method: Among other grouping methods, the
- pairing of L2-dominant students with Ll-dominant students appears to be a promising
- teaching procedure. Gordon (1976) studied such groupings for Puerto Rican junior-high-~
~school students in bilingual ‘programs. He found that English-dominant students paired
with Spanish-dominant students achieved significantly better mathemalics scores than
did English-dominant students paired with English-dominant students, The same was
true for Spanish-dominant students paired with English-dominant students, when
compared with Spanish-deminant pairings.

8. Teach h.éEmS.mc?Ew skills directly: Research studies in bilingual settings are
beginning to record evidence similar to that .already reported for menotingual
mathematics instruction: problem-solving skills in bilingual classrooms need to be taught
directly and systematically.; Mestre, Gerace, and Lochhead (1982), for example, after
studying problem-solving skills of undergradnate Hispanic engineering and science

majors, suggested that a problem-solving course could lead to marked improvement in
the mathematics nmwmonﬂmﬁnu of bilingual students.

m%o& Science and Mathemaltics
Volume 88 (6) October 1988



484 Bilinguals

9. Understand thai social-interaction patterns can .n.\‘.\.mn.. mathematicai:

achievement: That social-interaction patterns can affect mathematical achievement i
eviden! from such research studies as that of Coffland and Cuevas (197%). Of the
m:m:m:,ac::nmE and Spanish-dominant, primary-age, bilingual students they studied

those who were more field-independent {less influenced by persons and cbjects in the:
tearning milieu) tended 1o achieve higher in mathematics, while those who were more
fleld-sensitive {more sensilive to persons and objects) tended to be associated with lower:
levels of achievement, Furthier, field-independent students tended to perform better ofi’

precise thinking exercises and demonstrated higher ability to use and apply mathematica
rules. For many minority children, who tend to be more field-dependent than

majority-culture studeats, high mathematical achievement may be seen as a betrayal of ~
cullural social-interaction palterns because their culiural patierns reinforce group values -

and behaviors rather than individual achievement, Bilinguals may need help to deal with”

\,

this interplay between mathematical achievement, and such differing cultural patterns ow,.m
interaction; and they may nsed help to achieve scholastically without suffering group”

punishment. As well, they may need teacher assistance in learning field-independent
behaviors which may cause them to better their mathematical achievement, Ramirez and

Castaneda (1974) reviewed the mm_a.,w:a%m:mni. field-dependent studies on minority |
chifdren and made detailed, comprehensive suggestions of culturally specific ways to”

improve academic achievement,

10. Use culturally relevant situations and ilustrations: The bilingual mathematics

instructional materials developed, tested, and evaluated by the Dissemination and
Assessment Center for Bilingual Education, Austin, Texas, (Example: 1978) stressed the
use of cuiturally refevant materials which reinforée bilingual students’ self-concept and
encourage culiural pride. Learning about the mathematical contributions of the Maya

and how mathematics [its into the Hispanic community are examples of the types of .
materials developed from this Center's synthesis and review of the then-current research .

on bilingual mathematics as a basis for curriculum development. Ramirez and
Castaneda (1974) offer other specific suggestions for using culturally relevant situations

to promote academic achievement, in their exhaustive review of research on bicognitive -

development of bilinguals. : :

V. Use individual instruction and a diagnostic-prescriptive approach: Xahn's work
(1976) is an example of studies whick found individualized mathematics instruction”

helpful for bilinguals. He suggested that the use of individualized instruction as the
chief teaching method and the use of 4 diagnostic-prescriptive approach were among the
facters which contributed 1o highly significant gains in reading and mathematics for the
bilingual ninth-to-tweifth graders in his study,

12. Provide extensive staff development, including . opportunities  for bilinguat
mathematics teachers to develop their own materials: Gallegos (1978} and Tobias {1982) -

found that teachers :anmna,axﬁnzm?m staff development te manage successful bilingual
mathematics programs. Gallegos developed and evaluated intensive teacher-training
programs which focused on helping teachers learn that successful teaching of bilingual
maliiematics involved more than four basic rote operations and monotonous drudgery,
His successful programs included technical vocabulary development, Spanish-language -
lecture-demonstrations, practice presentations, feedback regarding results, rationale
undetlying each. program component, and mathematics theory and concept
development. Tobias concluded that staff development and curriculum and materials
development were r:noﬂﬂm:ﬁ compaonents for the suceessful skill-development program
for the mildly-retarded Spanish-speaking elementary and secondary students in his

Sehool Science and Mathematics
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esearch. In both wunmwmdnmmw the chance to develop mathematics curriculum and Emgmzm_m
promoted staff understanding of special components of bilingual mathematics

instruction.

- 13. Develop mEnE_mm..m parent-participation model: Tobias :wmwv .nom&zg&wz_ﬂp
”ERE.E,B?QBS” activities were important te project success in his study of his

suocessful skills-development program for the bifinguai student subjects described above,

.mvin_mﬁm (1982) reported similar, successful use of nm:wi. nman:u.mmo: in a study of w
program for handicapped, Hispanic elementary and intermediate-school students.
: Program-parent communitation was maintained through parent workshops and home

14, Recognize the positive effects of bilingualism on mathematics learning: Fradd
(1982), #s a oo:mmncmwnn of her reviews of research on bilingual achievement patterns,

_. * conciuded that bilingualism had positive effects on cognitive growth and divergent

thinking (and, incidentally, she encouraged U.S. educators 10 consider bilingual

“education as a curriculum model for non-bilinguals). In addition, she cited evidence

which Indicated that bilihguals have the potential for increased communication and

: greater probiem-solving skill than do non-bilinguals. Coffland and Cuevas (1982)

reported that bilingual, Hispanic students tended to perform at higher mem levels H__.am_s
did either English or Spanish-monolingual students, when _ mnoaunm into Eng mm_ -
dominant and mvuimr-aomammi pairings, as compared to mzm:mx-mhwm:m: .msn_ mmmn:_ﬁ_mm
Spanish dominant pairings. Both Fradd’s and Coffland and Cuevas’ studies conclude

that the effects of bilingualism were positive.

- CONCLUSIONS _ N
i Ortiz-Franco (1980) peintéd out that, in 1980, there was a general lack of replication of

research studies with bilingual and minority-culture students of findings and practices
from mathematical Hommwwg on majority-culture students, He wrote that the absence of

“such replications added to the dubiousness of purportedly generalizéd oEooEmm. m.a
i warning is still valid Hommw. in spite of increased attention to research on bilingual

"mathematics. Similarly, résearch has not yet clarified the interactions of two fanguages

i i i i egies on
" on chitdren’s mathematics learning and the impact of various teaching strategl [

suceessful mathematics m”xEm development in bilinguals, In mma:.mo? Eﬂ.nr mm..:_n
research on Em:wa& mathematics is conducted on diverse populations. It is difficult

(and often inappropriate) to generalize from bitingual Navajo to Puerto Rican to

Euwropean to Chicano populations. Mathematics practitioners would do well 1o

- . remember that the research is, at this point, supgestive, not conclusive, regarding the
* best instructional procedures.

However, bilingual educators do not have the luxury of waiting *..2 %?.520 Rmmm_..n:
results. Faced as they are with students who need mathematical skills mna. with
incomplete research evidence, they must act as Eomm:;:m.q as :;Q can on the ns.anmnm
currently available, and add to and discard from their teaching methodologies as

research evolves, | ] . . o .
There is now enough research to permit an informed beginning,
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Self Hypnosis Helps Cancer Therapy

Self- Eﬁ:omm can help young cancer patients escape some of the harrowing side
effects of chemotherapy, researchers say, but the technique does not work for
everyone, :

“Results vary,"” said
patient tends to respond

Ms. Cotanch is an
Center and a member o

She and co-investiga
successes in the initial
training to help. children

In an isterview, Cot
five patients, decrea
ckemotherapy. The you

wEE.Oo:En:.w:.U..\:s\En:mm:op m::uzmm:mmwznnnmn:
differently fo cancer and chemotherapy.”

assoclate professor of nursing at Duke University Medical
f the Puke Comprehensive Cancer Center.

or Marilyn Hockenberry have documented some dramatic
‘phase of a three-year study on the potential of relaxation
aad young adults cope with cancer therapy.

anch said the techuique has helped on average three out of
sing the nausea and vomiting often associated with

ng patients in the study have ranged in age from 9 to 21.
¥ # #

Man’s Oldest Known Ancestor?

The female skull of a 32-million-year-old ape regarded as man’s oldest known
ancestor has wnmns reconstructed by specialists at the Duke University Primate Center.

Casts made from thd female skull and that of a male discovered last fall clearly
reveal major details of the brain structure of Aegyptopithecus, a primate ten times

older than the first humans, said Dr. Elwyn L, Simons, primate center director.

The casts indicate z,a cal-sized ape already had a brain rivaling the complexity of
that of some modern mocwr American monkeys, Simons said.

Both Aegyptopithecus skulls, about 4 inches leng and 2 inches wide, are those of
mature individuals, he said, They were found about 250 vards apart in Oligocene
epoch rocks dated at about 32 million years by the potassium-argon method.

The female skull camle to light when researchers noticed shattered teeth in a black
of stone. The skull was found during Simons’ 1985 expedition in the barren Fayum
Depression, about 60 miles southwest of Cairo, Egypt. Because it was badly crushed
during fossilization, the sku!l took more than a year to reconstruict.

The male skull, which is being painstakingly removed from its covering rock, was
found last fall in an expedition sponsored by the National Science Foundation and
the Geological Survey of Egypt.
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