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Content-Based ESL.:
An Introduction

JuAnn Crandall
Conter for Applied Linguistics

The concept of integrating language instroncetion with subject
matter instruction is not new to language educators. It has
been atteminted for many yvears in adult education, in uni-
versity programs for foreign students, and in specialized
language courses for scientists, businessmen nd other pro-
fessionals. To some degree, it has also been a part of
elementary and secandary school Engiish as a second lan-
puage (ESL) programs. This collection of cssayvs—by
classroom teachers. rescarchers, and teacher educators——
describes some of the wavs in which English language
instruction is being integrated with science, mathematics,
and soctal =ciences in elementary, secondary, and college
clusses, and reviews some of the theoretical support for
this approach.

Writing Across the Curriculum

The Bullock report (11975 on English across the curricu-
lum was the first overt expression of a growing movement
away from the rhetorical, product-oriented writing class—
divorced from other subject-matter classes—toward an
approach that views writing as an integral part of any course
within the currienlum. Although limited attention has long
been given to husiness or technical writing at the secondary
or adult/tertiary level, attention to writing is appropriate in
all content courses as a valuable means of loarning (just as
talking represents o way of learning. Although the Innguage
arts or writing teacher has been accorded a special role in
helping students to find their own voice and to give form to
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2 ESL Through Content-Area Instruction

their thoughts and feelings, teachers of mathematics, science,
social studies, and other subjects also have a responsibility
to see that writing skills arc applied to authentic tasks such
as lab reports, explanations of principles and theorems, dis-
cussions of historical causes and effects, or comparisons of
religious or cultural institutions, Tchudi and Tehudi 11983
list the following benefits of teaching writing in the content
areas:

1. Writ ng about a subject helps students learn.

2. Writing about content has a practical payofft Students
write better when they spend more time writing.

3. Content writing oftenn motivates reluctant writers,
1. Content writing develops all language sKills.

5, Teaching writing teaches thinking.

Reading in the Content Areas

A ximitar trend has developed in the field of reading: Lan-
guage arts and reading specialists urge that reading be
taught 10 all content areas, while they, in turn, introduce
texts in their reading classes that are relevant to and repre-
sentative of those that students will read in their content-
area classcs. This change has required reading teachers to
teach more than literature and mathematics, science, and
other subject-matter teachers to teach more than their sub-
jeet matter, Since reading is a way of acquiring information
and leaming, it is a <kill to he addres=sced in all classes, The
purposes for reading, the tyvpes of texts presented, and the
kinds of reading =kills required diftfer by disaipline and task:
students need to acquire o variety of skills that they can
apply to their reading assignments, whether reading for
imformation, for pleasure, or for guidanee in performing a
task. Content-area teachers must recognize that thev, too,
are reading teachers: hkewize, reading or language arts or
Fnglish teachers must understand that their content may
tro bevond literature,

A pgreat deal of vescarch has been published on the types
of texts and the kinds of skills and strategics involved in read-
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Intreduction 3

ing in the content areas; the literature also includes descrip-
tions of program models and curricula that integrate reading
with content areas ( Dupuis, 1984; Herber, 1978; Vucea, 1981,
Dupuis (1984) found that “Over twenty textbooks are cur-
rently published to teach teachers how to deal with reading
in content classrooms” (p. 21, although some subject-matter
areas, such as mathematics, science, and social studies, have
received more attention than other areas, such as musie,
health, and phyvsical education.

Content in Language Instruction

While reading and writing theorists and practitioners
have been concerned with using reading and writing to lean
inot just helping students to learn to read and write), a similar
trend has been evident in language instruction, where the
focus 15 not just on learning the language, but in using it as a
medium to learn something else. Although traditional
language teaching has focused on grammar or hiterature, and
more recently, on communicative competence or language usc
in a largely oral and interpersonal sense. a number of different
segments of the language teaching profession have recognized
the importance of focusing on content as well as language.

In English-for-specific-purposes t KSPy curricula, the goal
of language instruction i= to provide access to toxts. semi-
nars, leetures, and, broadly, the entive diseiplines of such
field= as engineering, science or technology, business or eco-
nomics, medicine, aw, or other professions. In teaching the
particular vocabulary, disconrse <tyles, and svatax of science
toxts, written or oral, the ESP course uses materials and ace-
tivities draown from the Aeld. focusing on the wavs in which
the language ix uxed to convey or represent particular
thoughts or ideas, Within adult ESL programs, the focus of-
ten =hift= to <killed or =emizkitled jobs, with special-parpose
Fonglish courses designed to assist adults in beeoming weld-
crs=, cloctronic assemblers, technieians, clerical workers, and
the like. In both adult ESL and ESDP the integration of Tan-
giagre and content is accomplished through coomrdinated
efforts of teachers in both field= and the language teachers
use of texts (sometimes simplified or adapted) and activities
drawn trom the field of study.

8




4 ESL Through Content-Area Instruction

Foreign language (Fl.) instruction. too, has focused on
academic ¢nntent, In FL immersion programs, in which chil-
dren receive all or part of their education through the
medium of another language, they acquire the language while
learning the academic content of mathematics, science, or
whatever portion of the curriculum is taught through the lan-
guage, The desire to develop optimal ways to present this
content to keep it understandable to the student who is only
heginning to learn the language of instruction paraliels the
concerns of content-based ESL teachoers,

Within the field of ESL., models abound for comhining lan-
guage and content instruction. One of these, ESP was
diseussed previously. Another model teams ESL teachers 1in
an adjunct relationship with academic subject-matter teach-
ers in a particular field. Public schools offer sheltered
rnpmersion programs, in which the subject-matter teacher
uses the insights of the FL immersion class and the content-
based KSL or ESP class to provide understandable content
in Inglish-medium instruction to students with limited Eng-
li+' .. In both FL imimersion and sheltered immersion
p1agrams, according to Curtain 1 19860

1. There ix a focus on meaning rather than on form. There
i no overt ervor correction.

2. Lingumstie modifications, such a=x <implified speech and
controlled vocabulary, whieh are necessary for compre-
hen=sible imput. are used.

3 Instructional language has contextual clues to help con-
Ve IMMCANING,

1 Conversational interaction—--usually the subject con-
tent—ix intoresting and real to the student s,

A Lampguages of instruction are kept very carefully scepa-
rated.

6. Students are allowed a =ilent period and do not have
to speak unti! they are ready,

9




Introduction 5

Why Content-Based Instruction?

The bases for the increasing interest in content-based ian-
guage instruction are varied. Developments in second
language acquisition theory and insights from practice within
the various fields of language instruction have both fueled
the interest.

Within second language acquisition theory, perhaps the
most important influence has been an emerging emphasis
on the role that meaningful, understandable input plays in
the acquisition of another language. Krashen (1981, 1982)
has drawn parallels between first and second language ac-
quixition and has suggested that the kinds of input that
children get from their caretakers ("caretaker speech’™ should
serve as & model for teachers in the input they provide to
second fanguage learners, regardiess of age. Input must he
comprehensible to the learner 1at or just above the learner's
level) and be offered in such a way as to allow multiple op-
portunities to understand and use the language. Krashen's
“Monitor Model” suggests that if comprehensible input is pro-
vided and the student or acguirer does not feel a great deal
of anxiety, then acquisition will take place.

One way of reducing the anxiety and also increasing the
potential relevance and meaningfulness of the language
learning expericence isx to provide interesting texts and ac-
tivities. Krashen hos emaphasized the importance of extensive
reading for pleasure as a means of language acquisition, as
well as the role of writing, He recommends using 1exts and
activities that are not grammar or drill based, but instead
are interesting and authentie, dealing with real-world ideas,
problems, and activities iKrashen, 1982,

Krashen posits a dichotomy hetween acquisition and
learning, with one raequisition i serving to initinte alt language
and the othoer tlearning i serving ondy as a monitor or editor,
activated when the learner has time and is focusing on the cor-
rectness of his or her language tKrashen, 1981 Thus, he
streszes natural acguisition opportunitics that are structured
only enough to make them comprehensible to the acquirer,

In another dichotomy, Cummins (1979, 19811 has hypoth-
esizoed two different kinds of language preficiency: bhasie in-
terpersonal communication skills tBICS), which are language

i9




B ESL Through Content-Area Instruction

skills. used in interpersonal relations or in informal situa-
tions whose extralinguistic and linguistic context provide
relatively easy access to meaning. and cognitive academic
language proficiency (CALP), which is the kind of language
proficiency required to make sense of and use academic lan-
puage in less contextually rich tor more context-reduced ) situ-
atton=, Cummins sugpgests that BICS are relatively easy to
acquir e, taking only 1 to 2 years, but that CALP is much more
difficult, taking from 5 to 7 vears and necessitating direct
teaching of the language in the academic context.

Given Cummins’ hypothesis, it is somewhat casicr to un-
derstand why students who have left ESL classes to enter
mainstream classes (where English is the medium of instruc-
tion) often have difficulty and fall further and further behind
in their academic work. Thewr cceming communicative compe-
tence and fluency are deceptive: although they can talk with
their peers, engage in informal conversation with their teach-
ers. read simple narratives, or write informal notes or letters,
they are not ahle to deal with the more abstract, format, con-
textually reduced language of the texts, tests, lectures. or dis-
cu=sions of science. mathematics, and social studies,

Many content-based ESL prograrms have been designed
to provide students with an oppertunity to learn CALP, a=
well as to provide a less abrupt transition from the ESL class-
room to an all-English-medium academic program.
Content-based ESL courses-—whether tanght by the ESL
teacher. the content-arena (eacher, or seme comhbination—opro-
vide direct instruciion in the special language of thie subject
matter, while focusing attention a= muach or more an the sub-
jeet matter itself

This Collection

Tiha= combinod focus- -an the =ubject matter and the Kng-
lish that 1= u=ed to communicate it—is the basis for this
collection of essavs. The authors of the three essavs ropre-
sent a broad range of experience as practitioners and
researchers. They <share g conmmmitment to exploring the wavs
in which content and language in=truction can best be inte-
rated. and they are all relative pioncers i this endeavor

11




Introduction 7

The authors of "ESL and Science Learning” are a teacher
educator { Kessler) and a university pr ofessor who has taught
science and mathematic: at the elementary. secondary, and
college levels iQuinnt. Together, they have undertaken a
number of experimental or pilot science programs, develop-
ingr curricula and activities to enable the limited-English-pro-
ficient (LEP) student to understand and take part in the sci-
ence program and documenting the kinds of progress made.

Dale and Cuevas, the authors of “Integrating L.anguage
and Mathematies Learning.” have worked together on a num-
ber of mathematics projeets for LEP children, with Cuevas
bringing the mathematics insights and experience ras well
as sensitivity to language issues in mathematices=), and Dale
bringing the hinguistic insights and experience. Both have
tavght ot & number of levels: Cuevias s a teacher educator
and Dale has worked with both clementary school children
and college freshmen and sophomores, Much of thenr work
has involved the investigation of linguistic barrviers to math
problem-solving and the development of materials and cur-
ricula to deal with them.

The authors of "ESL and Social Studies Instruction™ are
all KSL speciadists and teachers who work together in one
=choot syv> em. They have developed one of the first secondary
schoel K. L prograims= to address both the cultural and
linguistic requirements for ESL students to function
effectively in American soeinl studies ¢la==ex. In addition to
their practical experiencee developing curvieula and materials,
several members of the team have also heen involved in
teacher edueation. providing another source of insight ‘nto
the kind= of problems inherent in integrating language and
content instraction.

Fhoese ihree essavs provade an excellent introduction to
the rationale for integrating laonguage and content instrue-
tion and offer concrete examples of wavs in which this
integration can he accomplished. Although the focus s on
ESL the insights can be applied to other languages as well
and may lead the language teacher to consider the materi-
al= and activities of other fickds as a kind of content —to he
used alongside the focus on language structure and the
culturcers) of people who speak the language —adaptable for
use in the language classroon,

12




8 ESL Through Coantént-Area Instruction

The use of content from other fields offers the language
teacher an vpportunity to enrich the language ¢lassroom. By
providing a more interesting class, teachers motivate stu-
dents to master the more abstract and difficult language that
characterizes the various content areas. Communicative com-
petence is more than appropriate informal use of the
language: it alsa includes the ability to read, discuss, and
write about complex and abstract ideas drawn from history,
science, mathematies, or any educational field.

13




1
Integrating Language and
Mathematics Learning

Theresa Corasaniti Dale
Center for Applicd Linguistios

(rilbertoJ. Cuevas, Ph.I).
{ntrersity of Miann

Picture a =¢venth- or cighth-grade classroom in which about
half the students are nonnative English speakers with vary-
ing degrees of Enghish praficiencey, The teacher is about 1o
present a mathematices lesson dealing with the properties of
equiality. She begins by writing the following on the black-
hoard:

b+ + 4 6+ ¢H + 4

She points to the number sentenee on each =ide of the cmpty
syuare and asks the class: "Are they equal?” An English-pro-
ficient student answers: “Yes, they arve.” The discussion
Continues:

Teacher: cpainting to a limied-Kaglishi-proficient (P sr-
denfr How do vou know?

[.E? Student: They equal.
Teacher: Yes. we know. But tell me why e they eguaanl?
LED Student: [t is equal.

Teacher: QLK. Thes are equal because both number sentences
have the siame =um. Now, what syvmbol can woe write in
the empty square?

Native-English-Speaking Student: Equal sign!

14




ESL Through Content-Area Instruction

Teacher: Right! Very good! rnoee pointing to an LEP student
Please write the equild sign inside the square.

LEP Student: +OQbciousiy nof quite sure of what it is she is
supposcd to do, she goes to the board and writes the an-
seeer to vach numboer sentenee,

Teacher: Good! Tell nve what symbol do we write in the square
to say that this side rpointing) i equal to this side?

LEP Student: tAppears embarrassed. towers her head., and
does not onsweer

After cluss, the teacher wonders how to reach LEP =tu-
dents like thoe one in this scene. She knows these students
are intelligent and eager to learn, but she feels frustrated
hecause she camnmot get them to express the mathematical
knowledge she thinks they have. Her concorn is compounded
whoen she tries to devise wavs to teach LEP students whose
knowledge of mathematies s akso weak,

This is just once illustration of the fact that teaching in-
volves frequent communication between teacher and
students. When the dialogue i< conducted in o language un-
familiar to the students, difficultios are likely to arise. Morris
(19751 deseribes the nature of the problem:

The prablems of teaching in g second Limguoage are
accentuated when mathematicos i< the contexst of the
diadog, Thix ix due essentially to the abstract nature
of mathematies and the difficaltios which arize in
ab=arhbing abstrast coneepts. Also, the lanpguange
wsed has ta he preocise. consistent., and unambigu -
oua, 1 mathematical vdens are to be explored and
deseribed effectively, And for dialog 1o beeome pos-
sthle. the ehild muast be cquipped with o basic
repertoire of Hnguiste coneepts and structure=
. D2
Morri="s statement underscores the importince of teach-
myg the special language skills required for mathematios
learning, Mastering “mathematies himpeage” skills s essen-
tial for all stadents, but it is particnlarly crucial for student=
learning mathematics= in English ax a second language (£S1,0,
Thisx chapter diseusses the integration of mathematics and

15
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Integrating Language and Mathematcs Learning 11

language skills in two contexts: (a incorperating mathemat-
ics content into ESL instruction and (b incorporating English
teaching strategies into mathematics instruction, The follow-
ing topics will be addressed:

* the nature of the language used 1in mathematies, includ-
ing =ome of the features that mayv be problematic for LEDP
students:

¢ the role language plays in the context of teaching and learn-
ing mathematics, with special ecmphasis on learning
mathematics through a second language: and

e practical instructional strategies and activitios for promot-
ing mathematics and English language skills developmoent
with LEP <tudents in both the (SE and the mathematies
classroom.

The Language of Mathematics

What is meant by the language of mathemuatics? How is
it different from the language used for evervday communi-
aition tasks=? The English language represents a universe of
language skills, and certain areas of language are used for
specific purposes. Natural language. the language used in
evervday communiciation, is one of the components, or =sub-
sets, of this universe. The Llianguage used to diseuss computer
technology and that used for scientific topics are two ather
subsets. In linguisties, these subsets of language are veferred
1O WS Pogisters,

The languigre register for mathematices is composed of
meamngs appropriate to the communication of mathemati-
cal ideas together with the terms or vocabulary used in
expressing these ideas and the structures or sentences in
which these terms appear tHalliday, 19750 Like other rogis-
ters of Knghsh, the mathematics register includes unigue
voeabulary, svntax rsentence stracturer, semantie propertios
ctruth conditions, and dizcourse ttest) features,

Vocabulary

Mathematics vocabulary includes words that are speciiic
o mathematies, such as divisor, devominator, quatient, and

16




12 ES3SL Through Content-Area Instruction

covfficient. These words are new to most students. However,
the mathematics register also includes everyday vocabulary
that takes on a different meaning in mathematics. These
words. such as equal, rational, irrational, cedeonn, and rabhle,
must be relearned. this time in a mathematies context, be-
caus=¢ thev have a different meaning in mathematies,

In addition to isolated vocabulary ntems. the mathemat-
les register uses its special vocabulary to ereate complex
strings of words or phrases. In these phrases, often two or
more mathematical concepts combine to form a new concept.
compounding the task of comprehending the waords, The
phrases least commaon multiple and negative cxponend, and
even an apparcently <imple phrase such as « quarter of the
apples, are good examples showing the complexity of math-
etoatical termes,

A subtler and much more difficult aspect of mathematios
vocabulary involves the many wavs in which the siaome math-
cmatics operation can be <ignaled. As studoents progress
through the hicrarchy of mathematies skills, manipulation
of' this vocabulary bhecomes crucial for understanding the
tencher’s explanadions in class and for solving word problems.
Creandall, Dale, Rhodes. and Spanos (1985 have identified
groups of lexical items in beginning algebri that indicate cer-
tain operations. For example, students must know that
addition can be signaled by any of these words:

add and
plus sum
combine nmcreased by

Simtlarly, subtraction cim be signaled by these words;

subtract from minus
decreased by differ
tess less than

take away (a less sophisticated term commonly used
by children)

It = 1mportant to remember that when talking ahboutl the
vocabulary of the mathematios Tnnguage register for any reg-
isterty, the meanings of the terms are related to the context
in which thev are used. Henee it is not enough for student =
to leara lists of words, They must learn what they mean in a

17




integrating Language and Mathematics Learning

particular mathematical expression. For example, students
are taught early in their mathematics education that the
word by stgnals multiplication, as in the expression, 3 mue/-
tiplicd by 10, However, they later encounter algebraic
expressions such as a nuntber increased by 10 and discover
tsometimes the hard way?) that Av in this ¢case is part of an
expression that signals addition. In fact, prepositions in gren-
cral and the relationships they indicate are critical lexical
items= in the mathematices register that can cause a great deal
of confuxion Another example is dicided by as opposed to
divided rnto tCrandall, Dale, Rhodes, & Spanos. 1985 p. 11,

In addition to words and nhrases particalar to the math-
enaties register, some examples of which have been given,
there is the =et of mathematical symbols used in expressing
mathematicid coneepts and processes. These items are auto-
matically associated with the syvmbolic language of
mathematics. As symbuols that stand for a particular mean-
ing in mathematics, they can be thought of ns mathematics
vocabulary, The syvmhols used for operations cadding. divid-
ing. ete. b are the most commonly known, As students move
through the mathematics cuarrviculum. the number of sym-
hols used increases, and their meanings beeome morve
coneeptually dense. Students must learn to relate symbols
such as >, <, and parentheses and brackets to mathematics
concepts or processes tusually themselves couched in math-
cmatics languager, then translate these into evervday
Lunguage in order to express the mathematical ideas embed-
ded in the syimboets,

[t is important to remember when discussing mathemati-
cal =vimbols that some syinbols play different roles in diftferent
countrics. In 2 nurnber ol countries, for example, a comma
i% used Lo <eparate whoele numbers Irom deeimal parts—the
function of the decimal point in the United States—and the
decimal point 1s used as the comma iz in the United States,
to =eparate hundreds from thousands, hundred thousands
(roim millions, and =o an.

Syntax

The mathematics hmguage register meludes, as all veg-
isters do, special =vntactic =tructures and special styles of

15




14 ESL Through Content-Area Instruction

presentation. Knight and Hargis t 19771 point out that since
mathematics is a study of relationships. comparative struc-
tures are an essential and recurring part of mathematics
language. They are difficult structures for many students to
master. The following are some examples:

greater thansess than as in  all numbers greater than 4

1 times as much asin Hilda earns six times as much as 1

do. Hilda earns $40.000. How
much do | earn”?

as. .as as in  Wendy is as old as Miguel.
-er than as in Miguel is 3 years clder than Frank.
Frank is 25.

How old is Wendy?

AMunro (1979 cites a number of other frequently used
structures in mathematics that are also potentially confus-
ing. They mclude the following structures (with exampices
taken from Crandali, Dale, Rhodes, & Spanos. 1985,

numbers used as nouns as in  Twenty is five times a cerain

(rather than adjectives) number. What is the number?
preposttions as in  eight divided by tour and eight into
four

as in  two multiplied by itseif two times
{multiplication} and x exceeds two

by seven
passwe voice as in ten {is) divided by two
or. asin X is defined to be equal to zero
or. as in When 15 is added to a number,

the result is 21, Find the number.

One of the principal characteristics of the syntax usced in
a mathematical expression is the lack of one-to-one corre-
spondence between mathematical svmbols and the words
they represent. For oxample. if the expression, eight divided
Hy 20 0= transiated word-for-word i the order im which it is
written, the resulting mathematical expression 842 would be
imcorreet. The correet expression s 208, Sinalarly, to trans-
Late corvectly the expresston, Hhe sguare of the qieotionf of o
corred B students must know that the first part of the expros-
sion. the sgreare of s transiated last and that the phrase

13



integrating Language angd Mathematucs Learning

;

starting with guofient requires the use of parentheses to sig-
nal the squaring of the entire guotient. The correct
mathematical expression in this case is (a/bi-.

This lack of one-to-one correspondence poses considerahle
difficulty for students. particularly LEP students, who tend
to read and write mathematical sentences (presented either
in symbaols or in words or bothi in the same manner in which
thev read and write standard orthography ( Kessler, Quinn,
& Haves, 19855 Understanding that there is no one-to-one
correspondence between mathematics symbols and their
English translations becomes= crucial for students who are
attempting to make progress through the hierarchy of math-
ematical concepts. ITn their work with LEP high school and
colloge student= in ba=ic algebra clusse=. Crandall. Dale,
Rhodes, and Spanos (19850 have documented recurring er-
rors in translattons of the language of word problems into
=olution equations. They found that students tend to dupli-
cate the surface syntax of the problem statements in their
algebraic restatements. For example, students often incor-
rectly trans<lated the =entence, The nember ais five fess than
the number b asa =5 - 5. when the correct translation should
beia=6- 3.

Another major charvacteristic of the syntax of the language
of mathematics ix i1s frequent use of logical connecturs.
Dawe'™s 11983 study of LEP students showed that the cor-
rect use of logical connectors was the one factor that
differentiated those students who could reason mathemati-
cally in Englizh from those who could not. The result - woere
comsistent forr hoth LEP and native English speakoers.

Logical connectors are aone lingustic device mathemat-
s texts use to develop and hhnk abstract ideas and concopts.

Some of these connectors include ¢ 0 then, if and onfv if.
Docctise, it (s forexample, siech that. bt consegoueniov, and
erthier oo As Resslor, Quinn, and Hayoes 0 139850 point out:

Lormicatl conbectors are words or phra=es which
carry out the function of marking o logical
relation=hip boetween fwo or more bhasie hngnos=tic
stractures. Primarily, logical connectors serve
semantic, cohesive function indicating the nature
of the reintionship between part= of o test, o, 110
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When students read mathematics texts, they must be able
to recognize logical conncectors and the situations in which
they appear. They must know which situation is signaled—
similarity, contradiction, cause and effect, or chronological
or logical sequence (Celce-Murcia & Larsen-Freeman, 1983).
On the level of syntax, they have to know where logical con-
nectors appear in a sentence (at the beginning, middle, or
end of a ¢clause), and they must be aware that some connec-
tors can appear in only one position, while others can appear
in two or all three positions, and that change i Josition can
signal a change in meaning.

Examples abound in algebra texts of logical connectors
used in definitions and to characterize properties—concepts
that students must understand and apply in order to solve
algebraic problems, These connectors most often appear in
complex statements using both words and svinhols, as in the
following examples.

In a beginning algebra text, the Axiom of Opposites 1s
stated as;

For every real number a there is a unique real numper —a.
such that
a+{(-ay=0and (-a)+a=0.

The text then offers the following elaboration of the a:iom:

1. If ais a positive number. then —a is a negative number; if
4 is a negative number. then —a is a positive number. if ais
0. then ~ais 0.

2. The opposite of —a is a; that is, (—aj} = a.
(Polciani & Wooton, 1970, p. 71

It 1= not hard to imagine native-English-speaking =tu-
dents having difficulty piccing together the logical statements
m this section of text. Clearly, LEDP student=s might have even
more difficulty with it.

Thix complex example i< taken ooom a level of mathemat-
ics thit most students generally do not faes until they are at
least in junior hngh school. It is important to note that LEP
students’ ability to manipulate logical connectors appoears to
be tied into a developmental sequence, Tt is very possible that
vounger LIEP students categoricailly have more problems with
logical connectors than older student= (Piaget, 1926; Tritceh,
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cited in Kessler, Quinn, & Haycs, 19851, Younger students
often seem mystified by the use of logical connectors such as
i in relatively simple word problems. Some students may,
for example, have considerable difficulty solving the follow-
ing problem stated using a hypothetical situation signaled
by if:

if Frank can type one page in 20 minutes. how much time
will it take him to type two pages?

However, the same students may be able to solve the prob-
lem when it is stated using 2 declarative sentence:

Frank types one page in 20 minutes. How much time does it
take him to type two pages?

Semantics

The preceding discusssion shows that correctly manipu-
lating the special voceabulary, phrases. and word order found
in mathematics language is intricately tied to students’ abil-
itv to infer the correct mathematical meaning from the
language. Making inferences in mathematics lunguage often
depends on the language user’s knowledge of how reference
is indicated. In algebra, for example, the correct solution of a
word problem often hinges on the ability to identify key words
and to determine the other words in the problem to which
the key waords are linked fi.e.. knowing how to determine the
referents of key wordsi. Problems involving the number, o
namrher. and the like require sueh inferencing. For example:

Five times a number is two more than ten times the number.
Find the number.

To solve this problem. students must realize that a #em -
her and the nember refer 1o the same quantity.

The sum of two numbers is 77 . If the first number is 10
times the other, hind the number.

In this problem. students miust know that they are deal-
N with two numbers, Further, they must know that the way
reforence i used in the problem links each number with in-
formation about 11, so that the first nwmber and the
information given about it refers to one of those numbers:
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and the other refers to the second of the two numbers, ¢he
nuniber whose value the problem asks the student to find.
Finally, students must know that the translation from the
words of the problem into the symbolic representation of the
solution equation will be based on only one variable and that
cach of the two numbers will be expressed in terms of that
one variable. Given all this, the correct translation and =o-
lation of this problem would be as follows:

Phrase Symbolic Translation
first number 10x

second number x

sSuUMmM 77

Therefore, on the basis of information from the problem:

11Mx = 77 and
x = 7

A commoen mixtake s for students to write solution equa-
tions with two different variables, Not surprisingly, beeause
they see no relationship between the two equations, thoey can-
not solve the problem.

These examples point out another reference feature of the
language of mathematics specific to the langruage of algehra:
the referents of variables, Identifving variables’ referents is
essential to correctly translating the words of a problem into
the symbaols of its <olution cguation and vice versa, Variables
stand for the nemeber of persons or things, not the persons
or things thems=elves, The following ¢las=ic waord problem il-
lustrates thix point:

There are five imes as many students as professors in the
mathematics department. Write an eguaticn that represents
this statement.

Many students= tvpically write the incorrect equation Hs
= p. which follows the hteral word order of the natural lan-
punge sentence and uses ~ to represent student= and p o to
represent profeszors, The cormreet equation s 5p = &, which
can be determined only if students know that the variahle s
cor any other variable they choose to usermust represent the
rierrher of students and that the variable p must represent
the neniber of professors, This kind of “reversal error” has
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been the subject of investigation by a number of researchers
interested in the language of mathematics, including Clem-
ent (1981) and Mestre, Gerace, & Lockhead (1982). Firsching
t 1982) points out that recurring reversal errors could result
from students’ previous repeated exposure in beginning-level
mathematics to word problems that feature a one-to-one cor-
respondence between words and symbols. Experienced with
such word problems=, they incorrectly expeet that all prob-
lems can be solved in the =ame manner.

Discourse Features

On a level above vocabulary and syntax, known in lin-
gruistics as the discourse level, mathematics language also
has distinctive characteristies. Loosely defined., mathemat-
ies discourse refers to the "chunks" of Lhinguage—sentonces
or groups= of sentences or paragraphs-—that funcetion together
as fextual wnits, cach with a specific meaning and purpase
in mathematics, The definition of the communicative prop-
erty of addition or the explanation of this property in a
mathematics textbook are examples of mathematices dis-
course. or “text.” Any word problem s an exampte of o
spoecialized tyvpe of mathematics discourse or text.

All of the lexical, svntactic, and semantic features of
mathematics language discussed carlier can he considered
discourse features of a mathematies text. But instead of look-
ing at isolated features from the bottom up, discourse views
how all the distinetive features of a mathematies text wark
from the top down to formy a cohesive, eocherent unit that come-
municates a particalar mathematies meaning. This meaning
i= expres=scd not as a resalt of the simple sum of all of 1t=
lexical, syvntactie, and semantie features, but rather as some-
thing above and beyvond these features. To understand o unit
of mathematical discourse, students must not only be profi-
cient in mathematics language, they must also have o
background in mathematios in arder to construet thoe eontext
needed te process cognitively complox informmation, At the
dizcourse level, the integration of language and mathemat-
ic~ kills is essential for total comprehoension,

Mathematies discourse, espeeially written discourse. pre-
sents considerable difficultios for many <students, native
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Englich speakers as well ax LEP students. Unlike natural
language, mathematics texts lack redundancy or paraphrase.
Bye (19753) has enumerated a number of additional charac-
teristics of mathematical discourse found in the language of
mathematics texthooks, According to his analysis. wnritten
mathematics texts

¢ are conceptually packed:
* have high den=ity:
e require up-and-down as well ax lefi-to-right eve movements;

s reguire a resding rate adjustment because they must be
read more <lowly than natural language texts:

s require multiple readings:

* u=e numMmerous 2yvmbolie devicees =uch a= chart= and graphs;
and

* contain a great deal of technical language with precize
MEAaning.

The=e language features, when comhined with the math-
ematics content of the written text, require the =tudent to
apply mathematics concepts. procedures. and applications
they have already learned. (Student= with a weak mathemat-
ics background as well ax poor language skills are douhly
handicapped herer The student must also recognize which
previouslyv learned mathematics concepts, procedures, or ap-
plications mu=t be apphed to the toxt at hand, In addition,
the =tudent must have had enough experience with math-
cematic= texts to know when evervday background knowledge
=hould bhe applied to the reading comprehension process and
when it must he suxponded. Finally, the student mast be
tamiliar with e, have had experienee with) the processes
mvolved in mathematical thinking.

Mathematical word problems= provide =ome of the more
cogrent oxamples of mathematios dizcourse features at work,
along with illu=trations of the difficulties the<e foeatures
present to LEP students, who are for the most part untamil-
1iar with mathematics discourse in Engli=h rand sometimes
i any languaaper. Kessler, QQuinn, and Haves 1 1985 offer the
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example of the following word problem, which many of their
second-grade LEP students could not solve corrvectly:

Sua has 32 cards. She gave Jim 15 cards. How many cards
does Sue have?

The authors repoert that many =tudents responded with
15 rather than 17. Thev theorize that these students may
not have been famibiar with the representative function of
word problems. by which they would have perceived that
having 32 cards and giving 15 of them away represents or
=¢ts up a4 mathematics situation, not the beginning of a nar-
rative or story.

[t could be argucd that the language of this problem s
unclear and ambiguouns, Sophisticated problem solvers have
learned how to deal with <such ambiguity because thev know
that the function of the language of word problems is to di-
rect them toward a mathematieal 2olution,. Thoey suspend the
natural tendeney to demand details that they might normally
reguire for reading narrative texts, Consider the tollowing
problem, 1or example:

Food expenses take 26°. of the average family's income. A
family makes 3700 a month. How much is spent on food?

Students who can solve this prohlem generally are not
bothered by the fact that the problem does not specily di-
rectly the amount that is being asked for. that s, the amount
per month? the amount per vear? Since one timeoe reference
occurs in the problem-—a month —students who know how
word problems= work infer that they must find the amount
spent per month, Students who are not proficient in the lan-
guage of word prablems probably would demand
paraphrasze or repetition of the time reference to clarify the
problem question. 1t is vlear that LLEP student=, often literal
readers at the carty =tages of their English development,
would have grave difficalties with word prohlem texts such
ax thix one,

It appears that good problem solvers sure the students who
can discover the discourse properties of word problems that
provide them with both i real-world caontext and a mathemat-
s rontext in which to approach the problem. Further,
Kessler, Quinn, and Hayes (1985 point out that proflicient
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problem solvers "make use of language for thinking purposes
in a real world context™ (p. 181 Students need to acquire the
skills to integrate complex linguistiec and mathematical pro-
coesses in order to be good problem solvers,

The Role of Language Learning
in Mathematics

The previous section list= by no mean= exhausuvely, the
hnguistic items and languag. <kills reguired for mathemat-
ies learning. ldentifving the special =style or repgister of
mathematics i=s the first step toward devising instructional
approaches and activities for LEDP students that integrate
language and mathematics. The next step must be to pro-
vide a broad tramework or a perspective from which to view
how language in general and mathematios language in par-
ticular relate to mathematies learnimg.

Language Proficiency
and Mathematics Achievement

Resuli= from oxtensive research with mionolingual Eng-
lixh speakers point to a close relationship between language
proficieney and mathematics achievement. Rexeareh roviews
by Aiken 1971, Carle 11974 and Suvdam 1 19820 veveal high
positive corrvelations between ckKnglishy readimmg ability and
mathematics achievemoent,

Research with students learning mathematies in KSLis
limited, However, the research that = available <hiows =imi-
far positive correlitions between langunage skills and
mathematics achievemoent, Cossio 01975 found o positive cors
relation between mathematicos achievement and seeond
language ability, Duriie 198500 also Found a strong positive
correlation hetween the reading comprehen=ion <cores of
Puorto Rican college students and there pertormance on de
ductive reasoning problems in Knglish and in Spanish, with
o simmlar pattern across both Tangunges, Cuevas C198. 1 has
~hown that linguage 1= a factor both in the learming and the
assessmoent of mathematies,
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Although the exact relationship between language and
mathematics is not clearly understood, results of available
research certainly point toward close interaction. On one
level, it could be said that proficiency in the language in
which mathematics is taught. particularly reading profi-
ciency, i3 a prerequisite for mathematics achievement. The
reading of mathematies texts and the solving of mathemat-
ick word problems obviously depends on a preregquisite
language proficiency. The student must be able to read the
text in order 1o understand the mathematics concept or pro-
coss expressed in it. By the same token, a student must be
able to read a word problem befoure attemptling to solve it,
However, being able to read the text or the problem does not
guanrantee understanding the concept or procvess or being able
to solve the problem.

Early rescarch by Macnamara 1 1966 appears 1o bear this
hypothesis out. In his studies of English-Irish hilingual stua-
dents, Macnamara found that students had greater difficulty
solving word problems in Irish. their weaker tsecondy lan-
guapre, than in English. their stronger ifivst language. even
when they knew all the words and structures of the prob-
lems, Macnamara hypothesized that his subjects lacked what
he called a "good grasp” of the weaker liinguage. When elosely
cexamined. Macnamara= concept of “grasp” of the language
appears to encompass the abibity to use language to inter-
pret the problem-solving task.

At this juncture, however. knowledge of and experience
with the mathematics concepts and processes become eriti-
cal. It iz very likely that these factors will ultimately predict
=uecess in mathematics, In particalar. the ability to think
mathematically appears to be the eruciad element in math-
ematics achievement. It may be at this cognitive and
metacognitive level that bangaage and mathematies are most
intricately redated.

Mathematical Thinking

Kessler. Quinn, and Haves (1985 present a strong argu
ment for the need to vonsider the role of mathematical
thinking and metacognition when discussing the mathemat-
icx performance of LEP students, These authors diseuss
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Burton's model (1984 of mathematics learning, which in-
volves not only the cognitive tasks of carrying out particular
operations, processes, and dynamics connected with the study
of mathematics, but also a special stvle of thinking that is
different from the body of knowledge (content and techniques!
traditionally identified as mathematics. This style ef think-
ing involves metacognition, which Garofalo and Lester (1985
define as “choosing and planning what to do and monitoring
what is being done” (p. 164). Metacognition. then, as Kessler,
Quinn, and Hayes (19851 point out, refers to “both aware-
ness of thinking and regulation of thinking., In mathematics
ias in all learning), both of these factors affect the outcome
af cognitive activities™ tp. 31

Affective tactors are also involved in the process of math-
cmatical thinking, Students’ mathematical thinking and
metacognition must be driven by o curiosity and a willing-
ness to investigate the unknown., Students must also be
patient and persistent. These gqualitics, together with a
knowledpge of mathematics concepts, operations, and pro-
cesses, no doubt all contribute to suceess 1in mathematics,

Learning Mathematics
Through a Second Language

In =chool. s*uadents must use language, written and spo-
ken, to express their thoughts and to demonstrate their un-
derstanding and mastery of academic tasks. Simply put.
language is the vehicle of learning and instruction. As
Cummins « 19821 has theorized. the language ased for aca-
demie tasks is guite different from the language used for
Basie communication. Chammins’ “hasic interpersonal vom-
munication =kills™ (BIU'S) refer to o proficieney in the con-
text-ecmboeddoed language found in faco-to-face conversation,
where speakers rely strongly on extralinguistic and =ita-
ational cues {for meaning.

Cognitive academic language proficiencey (CALP), on the
other hand, refers to a proficiencey in the context-reduced
language related to cognitive tasks, With CALP. moaning is
inferred esseatially from the linguistic or literacy-related
features of the spoken or written teoxt. The meaning is more
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or less complex deperding on the level of cognitive demand
presented by the academic task heing expressed through
the language.

Cummins argues that CALP is cross-lingual, that is, stu-
dents can acquire CALP, part of what he calls “a common
underlying proficiency.” vin any language as long as they have
reached a certain level or “threshold” of proficiency in the
fanguage. Onee acquired, CALP van be accessed and used
via any language. again once the threshold level of proficiency
in that language has been reached.

The concept of threshold in Cummins’s model may have
important implications for LEP students fuced with the task
of learning mathematics and other academice subjects, It LEP
student= alveady possess a threshold preficiency in CALP (in
mathematics, tor example. learned through their first lan-
guage!d, they have a basis on whizh te develop CALP for
mathematices through their second language, Henee their
chances to succeed in academie tasks, in this case mathemat-
1es tusks, are enhanceed, given enough time and motivation
to learn their second language.

Howoever, it may he the case that LEP students who have
little or no CALP in their first language will have consider-
able difficulty developing CALP through their second
language. Although it is not explicitly stated by Cummins,
their difficultics may have to do not only with learning sec-
ond language skills but also with learning the cognitive,
academic content expressed througbh the second language.
Thus the threshold thot LEP students must reach involves
both a certain minimal level of langunge skills and a certain
minimal knowledgre of the academic area.

Dawes work (1983, 1984 with bilingual students in
mathematical reasoning appoears to agree with resenrch con-
ducted by Mestre., Gerace, and Lockhead 118982 with
Hispanie engineering students in college algebra courses.
These rescarchers report that Hispanie stadents wore muach
more likely than nonminority students to misinterpret wond
problem= in Englizh. and that <lower reading <pecd and com-
prehension contributed significantly to o greater number off
problems not being completed tand conseguently “"missed™)
in the word proldem tests thev administered. Mestre (1984
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recommends that problem-solving instruction for Hispanices
tund other LEP students) should therefore include extensive
practice emphasizing speed and accuracy in translating the
language of word problems into mathematical notation, He
argues that LEP students who are given a chance to grapple
with problems that demand considerable linguistic process-
ing would learn how to get information from a problem and
=<¢1 it up correctly.

In suminary, the role of language in learning is not yvet
clear, although it is likely that its role is crucial in the fol-
lowing wavs.

1. There appears to be a high correlation betweoen read-
g =kills and muthematics achievement, particularly whoen
the task= involve reading texts or solving word problems.
Preliminary vesearch evidence appears to indieate that this
corvelation mayv be even stronger for LEP students perform-
ingr tusk= in ESILL.,

2. 0On a deeper level, language waorks as o mediator for
mithematieal thinking and metacognition. Whether the
thinkin - defines the language or the language defines the
thinking remains to be answered. Probably both oceur. The
important point is that mathematical thinking, mediated by
linguistic processes, is a proregquisite for mathematics
achievemoent.

3. LEP student= who must learn mathematices through
their second langnage must reach aominimal level tCummins’
threshold) of proficieney in the cognitive, academice skills re-
qutred of mathematics and in the Tanguage <kills u=cd to
expres=s= the mathematical skills.

1 The language used in mathematicos s intricately con-
nected to the mathematical concepts, processes, and
applications it exprosse=<, Therefore, mathematies instruetion,
paorticularly for LEP <tadents Toearnmg in thome seeond lan-
guagre, shoudd mtegrate mathematics and Laoguage skills,
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Learning a Second Language
Through Mathematics

Another aspect of the relationship between language and
mathematics is eritical for LEP students. Mathematics in-
struction for LEP students can be o source of opportunities
to acquire and learn English, their second languag. In other
words, mathematies can be a language learning  xpervience
in both the mathematics and the ESL class.

Recent rescarch and practical experience appear to sug-
re=t thit the form=, function=. and uses of language can best
be acquired and learned in context. Second language acqui-
=ition theory, notably that of Krashen (1982), points to the
importance of context to provide language experiences, or "in-
put.” that students can comprehend. Tt secms obvious that
the language inpul students neced most in school must come
from experiences in their academic subject courses,

Traditionally, mathematics has not been one of the sub-
ject areas educators use to provide sccond language
cxperiences and practice for LEP students. It is possible that
the myth that mathematies requires minimal language pro-
ficieney may have kept mathematies from being o logieal
choice as the academic content base of second language ac-
tivities, Perhaps the fact that many anguage teachers feel
unprepared and reluctant to get involved with any topic re-
lnted to mathematics has also atfected the popularity of
choosing mathematics content,

[t is essential. however. that the elassroom environment in
which ESL s taught through mathematios content he eare-
fully structured o that <sccond banguage acquisition can oceur,
Forboth the ESL and the mathematies chissraom, this means
that instructional activities should promote second language
development through o natural. subconscious process.in
which the tocus i= not on lnnguage per se but on communicat-
g the concepts, processes, and application= of mathematies.

Mohan (1986Ga, 19860 point= outl that an instructional
enyvironnrent that promotes second rand fivst language de-
velopment mu=t he carefully structured to provide students
with o range of opportunities to conmmunicate =ubject mit-
ter. Hhis general framoework for teachingg langange and content
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suggests that ESL activities based on mathematics content
make use of graphics. manipulatives, and other hands-on
concrete experiences that clarifv and reinforce meanings in
mathematics communicated through language,

[t ix not enough, however, to1aclude instructional activi-
ties that provide linguistie and nonlinguistic enforcement for
communtcating mathematical idens. As with anyv instruction.
teachers must constantly momitor their students for compre-
hension, which may require special attention in mathematies,
given the cognitive complexity of many mathematices tasks
and the tendencey for mathematics to be g silent, individual
activity (Cazden, 1979y Teachers therefore need to provide
both quality input tailored to the language and mathemat-
icx fevels of their students and ample opportunity for student=
to rexpond e, talk), again commmensurate with their level
of language and mathematies proficieney. Given the cogni-
tive demands of mathematices tasks, teachers must also
provide students with extensive and varied experiencees in
which to apply the mathematical thinking technigues and
the metacognitive behaviors tie., the self-monitoring of math-
cmatical processesi thev will need to develop to be
mathematies achievers,

Whenever possible, instructional activities in both the
S and the mathematics clas=room =hould he buailt on stu-
dents" real-life experiences and prior knowledge of
mathematics, and offer situations in which students can in-
teract with the teacher and fellow students thoth LIEP and
English-speaking:. Such aectivities stimulate both second lan-
gunge acguixition and learning. Wilzon, De Avila, and Intili
t1952)0 and e Avibie and Duncan 1951 have shown that
whoen LEP students are provided with a elassroom environ-
ment organized around interactive daetivities, they can
acqaire both mathematies and English simualtaneously, e
Avila’s program provides hunds-on experiments that foster
critical thinking skills for mathematics and science. Because
the activities naturally emphazize process, thev lend them-
selves well to promoting verbal interaction. Similar evidence
for the simultancous development of language and math-
cimatics and scienee can be found in stadies by Kessler and
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Quinn (1980, 1984), Quinn and Kesslert1984), and Rodriguex
and Bethel (1983).

Affective factors also play a crucial role in the language
acquisition process described here. Many students, not just
LLEP students, decide for one reason or another that they are
nuot good in mathematics. For many LEP students faced with
the formidable task of learning mathematics chrough a sec-
ond language. mathematics instruction can be doubly
traumatic. Mathematics teachers can do much to reduce the
trauma by giving LEP students opportunities to experience
success in mathematies through activities they can under-
stand. Positive experiences in mathematics build on
themselves and can conseguently lowoer what Krashen 11982)
calls “the aftective filter” in language learning. The result is
that LEP students find themselves learning mathematices,
while at the same time they are acquiring language skills
u=ed both in evervday communication and in the academic
=¢tting of mathematics.

Results from the work of Hayes and Bahrath ( 1985) and
Hayes, Bahruth, and Kessier (19850 bear this observation out.
These researchers report extraordinary pregress in fifth-
grade LEP students’ English reading skills as a result of
extensive experience in reading and writing their own math-
cmaties word problems. Both studies emphasize that
students’ suceess was due not only to exposure to great quan-
tities of interesting and relevant language input, but also to
the students” changes in attitudes toward school and
learmming.

It should be emphasized that ESL teachers can design
mathomaties activities as simple as learning to vead and
write the namex of numbers in English or as complex as talk-
ing about how to solve word problems. If such activities are
tiilored to the limguagze and mathematics proficiencies of the
student=. they will have numerous opportunities to expoeri-
ence sueces= in completing both language and mathematics
tasks=. and they will he ahle to do so in a less threatening
atmosphere than the mathematics clissroom. where they e
often at a disadvantage both in language and in mathemat-
ie=. It is not unrealistic to think that positive expoeriences (not
to mention the mathematies and language <kills learned in
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mathematics/language acuivities in an ESL =etting can be
¢arried over to the regular mathematies classroom.

instructional Strategies

The background that teachers need in order to develop
strategics and activities that integrate language and math-
ematices skills for LEP students has been presented in the
previous sections. In this section, suggestions are given for
the development of instructional activities. Two instructional
scettings will be addressed: o the mathematices classroont and
thi the ESL classroon.

Language-Based Strategies
for the Mathematics Classroom

The mathoematics curriculum at any grade level is gen-
erally composed of four basic areas: concepts. computation,
applieations, and problem =olving. For the purposce of illuws-
trating the differences in language requirements that exist
in these four basic mathematics areas, following are two
short lessons,

Lesson 1. Statistics—The Concept of Mean

Teacher: We have on the board two lists of numbers: let’s say
the numbers represent scores an tests, Add the scores in
the first list or distmbution: after yvou have obtained a
=uin. divide the total by the number of scores in the list,
Lot soe. tirst what 1= the total?

Srudent VioGirees the correct foful o

Teacher: Now, what i= the resalt of the divizion?

Student 200000 ves the caryect qualivni)

Teacher: Repeat the siaome operation with the second Tist or
distibution. “Ansieers are cheelod bhoefore procecding
Please tell me where in coach distribution the final guao:

tiont is locited.

eSSt s focate the guotiendt cr “averoge " an e board
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Teacher: Give me a word or cxpression that tells where this

number 1= in the distribution of scores.

Student 3 Middle.
Student 4: Cuntor.

Student 5: The other seores are arvound this answoer

Teacher: 1 sce we pretiy much agree that this result or guo-

tient is =umeoewhere in the conter of cach distribution. We
citll this number a "measure of central tendeney.,” We
know that the calealations we did had to do with the av-
erage of cach of the distributions., Can someone give me
adefinition of “average™? (¢ The students give a number of
plansihlc doejinitionsy In stati=tics, this average has g
speciial name, o= called the "mean ™

Lesson 2: Statistics— The Computation of Standard
Deviation

f'Phe studerits have previovusiy been presented with the con-
cepit of standard deciation.

Teacher: Now we are ready to learn the sets involved in the

computation of the =standard deviation of the distribution,

First, zubtract the mean of the distribution from coach of
the scores in the distrmbution.

Second. sguare cach ol these differences.
Third. add these sqguares,

Fourth, divide the sum of the 2quares by the mumber of
=eores in the disteib--tion.

Fitth, take the =quuce root of this gquoticnt,

t e students have fofloeed cachi of the steps and haive re
spronded rweith answeers to cach as the tegeber deccoloped the
tebarenridhron -

In analvzing these two sample les=son=. nudhematies

Leacher=s can readily distiguish the mathematics content:
Fos=aon T deals with the development of aoconcept, i this cise,
the iden of amthmetie moean; Lesson 2 covers the presenta
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tion of the algorithm to compute the standard deviation. As
for the language demands of the two lessons, teachers can
observe a fairly clear difference in the script= for each les-
son. Generally, Lesson 1 contains a larger percentage of
natural language. while Lesson 2 emphasizes the technical
vocabulary and structures of the mathematics register. The
nature of the mathematics content in cach lesson defines the
kind of language used to teach it. The introduction £ a con-
cept requires the teacher to communicate ideas in language
tumilar to the students ri.e., through natural language) to
tacilitate comprehension. In the development of algorithmic
procedures, the instructor assumes understanding of the con-
ceptl and uses very technical language from the mathematics
register to present the steps involved in the computation of
the standard deviation.

Second Language Approach
to Mathematics Skills (SLAMS)

Mathematics teachers can =tart with general obh=crvations
on the language content of mathematics tasks r=uch a= the
ones just given) and from them develop an expanded math-
ematicxlanguage approach for LEP students that includes a
language component. Cuevas (1981, 1984 has developed sach
an approach. called Second Language Approach to Mathemat-
ies Bkiti= 1 SLLAMS: which incorporates language develop-
moent activities into the regular mathematices lessons planned
by teachers, This approach was initially developed for Grades
K through 12, but it can be applied to any leved of mathemat-
1= instruction. It is based on the assaomption that inorder for
a student to master the mathematies concepts presented in
clas=. the language of the concept= must bhe addrex<ed and
miastered. 1t is alzo assumed that by teaching the language
together with the content, understanding of the material will
bo facilitated rCuevas, Mann, & NMeC ung, 19850,

The approach is composed of two <trands, one focusing
on mathematics content and the other empha=izing velated
Language skills, The activities developed for cach strand are
ba=ed on identificd ins<tructional objective= from the math-
ematic= carreubam,
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The Content Strand

The content strand encompasses strategics for analysis
and diagnosis of mathematics skills, followed by preventive or
prescriptive activities. Since this approach follows a standard
diagmostic-preseriptive model for teaching, its components are
deseribed only briefly here.

1. Analysis of Concept [ Skilfs: This component deals with
whiat needs to be taught, that is, the basic mathematics con-
cepts and =kills determined by the instructional objectives.
At this point, the teacher may alzo wish to analyze prerveg-
nisite <kills necessary for mastery of the ohjectives,

2. Diagnosis: 'This process encompasses assessment (for-
mual and informaly of the tevel of skills mastery and/or the
extent and nature of mathematical errors. Diagnosis must
involve data-collection activities in which the teacher focuses
on patterns of behavior, These patterns are essential for the
in=tructional decisions made i the next components of the
dingnostic-preseriptive process, As a result of the analvsis of
the instructiona’ bjectivers:, the teacher necds to ask: “Does
the student have the prervequisite skills necessary for mas-
tery of the mathematics objective=?" For example. before
teaching how to apply the basic arithmetic operations to prob-
lemy sitnations dealing with monceys, the teacher need= to know
to what degree the students have mastered the operationes
thes are being asked to use.

. Precentice Strategies: This component addresses the
activities designed to review or reinforcee skills that arve pre-
requisite to the mathematics objectivers beirg taught.

A4, Lesson: Based on the stuadent’s strengths and woak-
nesses. the teachoer develops instractional activities designed
to teach ~elected mathematios comcept= or to develop certain
=kill=. In constructing these activities, care should be taken
to =clect from various approaches. such as the usce of
manipulatives, smali-group work, individua! tasks, and ta-
torial =es=<ian= with other students as tators,

As 1= common in a diagoostic-preseriptive approach. an
axme=smoent 15 made of the level of student mastery of the mat '
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ematics content presented in class, The evele 1= then repeated
or other activities are designed if remediation 1= necess=ary.

The Language Strand

The language =trand of the SLAMS model tollows o path pa-
ialel to the content strand. It includes the following components;

. Analvsis of the Lanpuage Used: For this component.,
teachers need to be aware that at least two languages are
present in the mathematics curriculum: the "objective an-
guage.” or mathematics regi=ter, and natural language.
Vocabulary and other terms the teacher feels are important
i the communication of ideas to the student mus=t be identi-
fled. For example, in o word problem such as=, “If Marta huvs
3 pencilz at 20,15 each, how much change will =he receive
from S1.0077 =tudents need to determine which terms= and
wheit svntactic and othor textual clues wall indicate the cor-
rect <equence of operations,

2. MDiagnosis of Language Skills: Cothe basiz of the lan-
guape =kills wdentified in the first component. the teacher
mu=t an=wer the following questions:

. Does= the student recognize the svmbol= terms= that

perrain to the skill?

. Can the student pronounce them? Write them?

¢, Can the student detine the terms u=ed?

d. I= the student knowledgeable of the struactures used

<0 that ideas and refationships are understood?

Procentive Langnase Sivategres: Many LEP <students
bave received miathematic=s instruction in their native
laneuage and are proficient in the mathemuatio=s rogister of
thot Janruage. Preventive languinge acetivities could focus on
the following:

a. aoreview of the mathematico~ content, pre=sented this

tirmes 10 the student=" native language:

b <tructured EsDoactivitios designed 1o inerease the stu-
dont=" Tevel of comperenee in the languange <kills
necded to master the nun wematios content in Fongalish,
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4. Lesson: Instructional language activities for math-
ematics should involve listening comprehension, verbal
production. and reading and writing of the language features
identified by the teacher, These activities must be incorpo-
reted as an pntegral part of the mathematios eontent lesson.,

The mathematies/lanpgunge approach of SLAMS outlined
here is recommended for mathemuatics teachers in general.
The approach provides a framework for adapting activities
the teacher needs to develop to focus on the language needs
ot LEP <tud nts. As ¢can be secen in Figure 1.1, mathematics
teachers must analyvze cach mathematical task into math-
ematices and language <kill<. Instructional activities that
integrate both kinds ot skills must then be devised for the
prescriptive and evaluation phases of the approach.

English Language Skilis for Basic Algebra

The model suggested by SLAMS provides a general ap-
proach for integrating mathematics and language skills in
the mathematics classsroom. Using this approach. teachers
can develop a sequence of language-based mathematics ac-
tivities for LEP students, « These are the materials suggested
for the prescriptive step of the SLAMS model)) One such set
of materials «Crandall. Dale. Rhodes, & Spanos, 1987 was
developed to as=sist LEP college students in basic algebra, The
mathemiatics content and the language-based activities stem
from extensive rescarch at o number of postsccondary insti-
tutions in the United States at which the authors obrerved
basie algehra elassesx, interviewed LER ctuadents and math-
enuitics faculty, and reviewed musthematies textbooks and
curricnlia. The resulting materiads are the coltiborative of-
font of inguage and mathematices specinlists, The first foar
unit= ot netivities address the fullowing topies from begin-
ning algebric o0 numerical and algebraie expres<sions, +h
cquations and incogualities, cerword problems, and vdy defi-
nittons (el themems, The fitth unit is o glossary of basie
algebraic terms Kxamples appear o Frioures 1.2 throagh 1.5,
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MATHEMATICS CURRICULUM

i |
I I
i SCOPE A~nND SEQUENCE |
| |
| SKILL :
|
a7 T
ANALYSIS OF ANALYSIS OF
THE LANGUAGE MATHEMATICS
USED SKILL
¥ Y
DIAGNOSIS OF DIAGNQOSIS OF
CONTENT LANGUAGE MATHEMATICS
SKILLS SKILLS
¥ ¥
PREVENTIVE PREVENTIVE
STRATEGIES FOR STRATEGIES FOR
CONTENT LANGUAGE MATHEMATICS

—

- -

PRESCRIPTION

b

MASTERY TEST

Figure 1.1.

Second Language Approach to Mathematics Skills {SLAMS)

instructional modeil.
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TUTOR PAGE STUDENT PAGE

TUTOR: Read each algebraic STUDENT: Lock at the algebraic
expression 1o your partner. expressions below. Listen as
Your partner will repeat. your tutor reads the expression.
Listen to see 1that he or she Repeal after your tutar or the
repeals correctly. tape.

Example; Example;

Student sees: x+ 2 You see: x+2

You say. "x plus twao” You hear, x pius two'

Student repeats: “x plus twa’ You repeat. "x plus two”

Figure 1.2. Working with numerical and algebraic expressions.

The first four units are organmized to supplement and re-
inforce traditional activities conducted in beginning algebra
courses. Thoev are designed to be used by students in pairs,
in a peer-tutoring appaoach that enables students to take on
Jhe roles of tutor and tutee. In this way, students can waork
one-on-one in tutoring sessions in the mathematies elussroom
ot in tutorial centers, Since the materials follow a progres-
s10n from easy to difticult for both mathematies and language
proficiency. they provide <tudents working in pairs or small
groups with numerous opportunities to engage in the debate
and discussion that are crucial for the development of math-
cmatical thinking., The in=tructional environment thus
created can offer <tudents oxtensive comprehensible math-
ematicslanguage inpuat. Algebra teachers have alzo used the
units with ontire classes to introduce or reinforce topics.
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TUTOR PAGE

TUTOR: Loox at the equations
below. Cenain steps are left out
and explanations are given for the
missing steps. Listen as your
pariner fills in the missing steps

in the equations by reading the
explanations. Checs his or her
answers with the underlined
answers bolow

STUDENT PAGE

STUDENT: In the equations that
foliow, certain sleps are left out.
and explanations are given for
the missing steps. Fill in the
missing steps in the eguations
by reading the corrasponding
explanations. Then read your
answer out loud to vour 1utor.
Qbserve how the equation s
salved in the example.

Examole: Soive 73 -2 = 3a+ 9

Stops
?8 - 2 = 3«] + g
7 -2 +i-3d)=3a+ 9 +1-33)

Explanation for Steps
The given problem.

Add —-3a ‘o both sides {0 sulate
the variable an one side.

Figure 1.3. \Working with equations and inequalities

Although peer tutoring is the ideal framoewaork tov thoese
materials, they can also be used by students individually,
with the tutor sections serving as answer sheets and a check
on the student’s progress<. The materials have been used in
thix mauner a= homoework supplements= and as materials for
mmdividual practice i tutorial centers,
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TUTOR PAGE

TUTOR: Listen to your pariner
read and answer the following
paraphrase and inference ques-
tions. He or she should circle the
letter of the correct answer. When

STUDENT PAGE

STUDENT: Read the foliowing
paraphrase and inference ques-
tions out loud Cirecle tha letter of
the correct answer. Reler to the
detfinition above,

he or she is finished. check the
answers and give explanaticns
for those that are incorrect.

1. Which of the following is 1
closest in meaning to the siib-
traction eguation?

. Which of the following 15
closest in maaning to the sub-
traction eguation?

Ay No. Check the definition agam. A) a over b, less c over b. 13 the

difference hetween a-cinio b

B YES B1 a over b less c over b, is equal

to the difference between a
and cover b.

Figure 1.4. Understanding definitions and theorems

The glossary offers students a reference tool for basic al-
gehbra that provides definitions of algebra vocabulary: a list
of symbols along with their names. functions, and the vocabu-
lary and phrases that express them: definitions and examples
of the tyvpes of numbers: and finally, & list of words and
phrases commonly u=ed in tyvpical algebra word problems.
The glossary’s entries were carefully constructed to provide
the technical language that students would find in their
mathematies texts, as well ax definitions and explanations
written in natural Language. In this wanv, students can un-
derstand the meanings of terms, svymbolz, and expressions
as they are exposcd to the techmeal inguage they ultimatels
necd to learn to function in algebra eliess,
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TERM EXAMPLE
commutative 4xB8=98x4
property of
multiplicaticn
complex -2+ 4y
number
COMposite 4.6.8.9..
number
counting 1.2.3.4 ...
number
Symbol Related Words
+ add
addition
plus,

increased by

slim

MEANING

If a and b are intagers, then ab = ba.
exchange. so the inteé_é-fs
exchange pasitions in this property.

Complex numbers have the form
a+ ti. where a and b are real
numbers. The ais called the real
part and the biis called the
imaginary part.

A counting number that is not
ornme.

The numbers we use to count
with. They are also called natural
numbers.

ADDITION

Examples

Explanation

3+ 4 "3 + 4" means add 3 and 4:
do the operation of addition

BCEN The symbeoi for addibion is

may be read the plus sign: +

"3 plus 4" or

"3 increased
by 4"

“Find the The answer to an addibon
sum of probtemn 1s called the sum
3 oplus 4" of the two numbers.

CAUTION: Do not contfuse
the word sum (requirng
addition) with the word
product {requiring mult-
plication)

Figure 1.5. A glossary for basic algebra.
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Finaliy, it i1 important to note that language-based math-
ematics materials such ax these can be used by all students.
not just LEP students. Since acquiring the mathematices reg-
ister appears to be difficult for most students. algebra
activities designed to reach the meanings and functions of
mathematics language are probably beneficial for
any student,

Mathematics-Based Strategies
for the ESL Classroom

Aany of the muathematicslanguage activitios suggested
for the mathematics elassroom can be adapted for the ESL
classroom. However, the ultimate goal of these activities is
differont. In the mathematics class, the goal i= to learn math-
ematies, but in the ESL classroom. the goal of every activity
is to fozter language acquixition and learning. As discussced
carher in the chapter and elsewhere in this volume, the in-
troduction of content-based ESL activities serves ta shift the
conscious focus of KSL student= from the mechanics of lan-
gnage learning to the function of language, that s, the
conmumunication of meaning. In academic settings. thoen, one
of the contexts ESL instructors can use to teach students how
language communicates academic meaning <(i.e.. to teach
tunctional Enghish:is that of mathematices,

To develop mathematics-content Linguage activities for
the ESL classroom, ESL teachers muast first ascertain the
mathematics ohjectives and =kill= of the mathematies courses
their LEP student= are ror will ber requirved to complete: they
al=o need to have some iden of the mathematies their <ta-
dents already know, Unless the BESL or bilingual teacher is
also the =students” mathematics teacher. this task requires
the advice and as=istance of the mathematios instructors,
preferably tho=e who teach the sione LEP stadents.

Together, mathematics and ESL teachers mast as=sess
LISP student=" mathematios necds and skills, Thi= diagnosis
citn then be incorporated into an assessment of students’ lan-
vuige proficiency, The resulting profile provides FSL teachers
with an overall picture of the two sets of shills cmathemat-
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1cs and language) on which they ¢an develop mathematies-
hased language activities.

At this point, it is probably obvious that ESL teachers
who want to incorporate mathematics content into ESL learn-
ing are faced with the =izable task of compiling a
mathematics-hased =ection for theinr ESL curriculum. a cur-
riculum that is already packed full with language (listening.
speaking. reading. and writing objectives and activities. The
key to making this task manageable is in =electing which
mathematics content to include. Depending on the goals of
the ESL program and on the needs of the students. ESL
teachers can =elect mathematics content according to two
bhroadly defined approaches. The objective of the first ap-
proach 1= to present a complete sceqguence of mathematics
taxks=., The vesult of this approach is a mathematies compo-
nent of an KSL cwrriculum that concentrates on teaching
academic Enghsh, The objective of the sccond approach is to
inciude o few mathematics-based activities among other more
traditionul second language learning activities. The approach
results in an ESL curriculum that introduces but does not
necessiarily concentrate on the academic language used tor
mathemiatics tasks.

A dizcussion of cach of these mathematies-based ap-
proaches for ESL follows, 1t =hould be noted that these two
approaches are two extremes of a continuum. ESL teachers
can develop many varations of the approaches that fall come-
where in the middle, aceording to the necds of their students=
and the time and rexources availabbe,

Developing & Sequenced Component of
Mathematics-Based Languaqge Activities for ESL

I ESL teachers find, after consuttation with mathoemat-
1= in=tructors and the students themselves, that their LEP
<tudent= are having serious difficultios with partieniar parts
of the mathematics currvicalum, the ESL teacher may choose
toinclude mathematies-hased language activities secquenced
to the mathematies currviculum as a regular part of K81, an-
struction. The following suggestions are offored,
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= ESL teachers, again with the help of mathematices in-
structors, need to analvze the objectives and activities of the
mathematies curviculum identified as difficult to determine
the language features that contribute to students’ problems.
These features and the mathematics content from which they
originate will form the hasis for mathematics-content lan-
guage activities,

* ESL teachers again mmust narrow down the mathematices
content to o component that ean be realistically incorporated
imto the daily schedule. Ideally, mathematies and ESL teach-
vrs should work together to prioritize all the mathematics
areas identified and to ensure that the mathematies mate-
rial students neced most will be covered,

*  To date. few materials specifically offer a component of
mathematies-hased ESL activities, In the absence of =scts of
ESL materials dedicated to mathematics, ESL teachers must
adapt and compile iperhaps with the help of interested math-
ematics specialists) sequences of activities for the particular
arcas of mathematices (general mathematices, algebra, geom-
ctry, ete.t that their LEP students are studying.

Figure 1.6 shows how mathematies/language materials
originally written for mathematics ¢laxsrooms can be adapted
for ESL instruction for high school or college students. The
example is based on activities from the series of materials
described carlier «Crandall et al., 1987, which were prima-
rilv written for use in atlgebra elasses, The mathematices
content comes from the first unit, which treat< numerical and
algebraic expressions.

The cxample in Figure 1.6 illustrates how parts of
nuathematies-based language activities can be incorporated
into the regualar daily or weekly schodule of B instruction,
with efforts made to paralie! the objectives being addressed
in the mathematics classroem. It isx also possible to bhuoild
an entire seqguence of mathematies-based languigre activitios
ax= a type of Enghi<h for spectal purpose< 1 ESP) section of an
ESsT course.
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TUTOR PAGE STUDENT PAGE

TUTOR: Listen 1o the sentence STUDENT: Read the foliowing
your parner reads, Be sure he or sentences cut loud. Be sure to
she reads the pumber correcily. say the numbers correctly.

The seniences areé below.
The numbers are underiined.
Example. There were live hundred Example: You read: There were

people at the meeting. 500 people at the meeting.

1. His father is six feet tall. 1. His father is 6 feet tall.

2. The electric bitl was three 2. The electric Hill was $313!
hundred_(and) thirteen doliars’

3. My car holds twelve point 3. My car helds 12.5 galions
five {tweive and five tenths) of gas.
gailons of gas.

4. There are five thousand 4. There are 5.280 feet in a
twe hundred {and) eighty mile.

feet in a mile.

7 My phone number Is two- 7. My phone number s
three-two-tour-tive-gne-six. 232-4516.
8. Over one million people iive 8 QOwer 1.000.000 pecple live
n New York. in New York.
Figure 1.6.

Math-based ESL lesson: Using numbers in everyday contexts.

Developing Problem-Solving Activities
That Promote
Second Language Acquisition

In many cases, ESL programs cannot devote an entire
component of the ESL o curricalum to mathematies content,
The bricef outline given oarlior shows that such o process re-
quires extended time and effort on the part of ESL and math-
ematics instractors, especially since materials are needed.
In addition, many ESL progrioms muay find that their LEP
students do not need intensive instruction in mathematios-
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based language learning, either because they already have
ua sound base in mathematics in their native language or they
have strong support from their regular mathematics teach-
ers, who pay special attention to the language needs of siu-
dents in their classes.

Even if students are doing relatively well in regular math-
ematics classes, ESL teachers may want to include some kind
of stimulating. thought-provoking mathematics-based lan-
guage instruction to stimulate second language use and
acquisition, One of the best sources in the mathematics cur-
riculum for such enrichment activities is problem solving,
specifically selving word problems. Furthermore, word prob-
lems, by virtue of their language “orme | are a natural choice
for language practice.

ESL teachers can develop sets of activities using word
problems <elected to fit various themes or instruetional ob-
jeetives, For example, lessons for elementary-level students
can he built around word problems that give students prac-
tice with specific mathematics skills:

e  cach of the four basic operations-- addition, subtraction,

multiplication and division;

e  bhasic operations with fraction= and mixed nambers:

*  huasic operations with decimals,
 applving the concept of inverse operations: or
e  estimatingrounding off the answer,

f.ossons can also be boilt around spoecific language skills;

o Jearning =cts of vocabulary that often designate the solu-

tiom operation in word problems, including both mathematics
terms= and natural-langunge word= teg., take aweay, decreased
hace left. and fast are terms used with subtractions

e Jearning sets of vocabularey that indicate comparisons
ted . fereerZmore than  less  preater than oy

lewrning how to read and understand problems written
as hypothetical =situations te., practicing how o read and
write if elauses),
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¢+ learning how to read and understand problems when the
question is at the end, the heginning. or somewhere else in
the problem: or practicing English composition skills through
rewriting problems using different time references, chang-
ing singulars to plurals, or, at a more advanced level, writing
paraphrascs of the problems.

ESL tcachers can simphity the job of finding word prob-
lems with the particular mathematics or language
specifications they need for cach activity by keeping a run-
ning file of problems on index cards. Word problems can he
colleeted from mathematices text=, newspaper ads, and so on,
or teachers and students can write them themselves, Sug-
goestions= follow for language-based activities u=ing word
problems.

Activity #1: Practice special mathematics vocabulary

Materials needed: Food containers. or anv other group of
items= to erente a store.

Procedure: Set up a store with as many items as possible,
cach with a price clearly marked on it. The grocery store is
alwavs a good choice. Develop questions that refer to these
marked items using terms such as more thean, fess than, as
mbch as. most, teast, equal te, as many as, al! together facioo
as el as, fewor tran, grocder than, add, <ubtract. and so on.

Sample questions ha=ed on a grocery store situation:

Name once item that cost=s more than %025,
How many apples can you buy with 50507
Whitt co=t= more at this <tore, 3 apples or 33 oranges’

Activity #2: Problem Puzzles-—Read all of the pieces of the

probiem, then put them in the order needed to make a
"good” problem.

Materials necded: Word problem file, index eards ov sentence
=trip, markoers or pens.
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Procedures: Select problems from yvour word problem file. Use
any criteria vou wish according to your activity objective.
Type cach piece of information {usually in elementary school,
this means each sentence’ on - strip of paper. (For primary
grades, vou may want to use sentence strips.r ldentify cach
part of a problem with & number. Ask students to put the
parts of the problem in order. You can make this as hard or
as casy as yvou wish by varying the number of problems vou
mix up or put into the pool of picces. You can also make this
self-correcting by putting the correet pur le nummber on the
h:ack of each strip.

Activity #3: Head the problem and tell whether there is too
little, too much, or encugh information to solve it.

Materials needoed: A set of word problems, preferably with
the same number cach of problems with too much informa-
tian, not enough. and exactly enough. These can he put on o
work sheot, on the board, or on index eards.

Procedures: From a group of word problem cards, hase stua-
dents read the problem and deeide whether there is enough
information to =solve the problem, not enough. or too much.
Thi= activity can tand should) have a second or third step: If
the problem has enongh information. solve it if the problem
does not have enough information. add information that
makes sonsc and =olve the problem; if there is too much in-
formation, take out ror ¢cro=< out) the extra information, then
solve the probleny. Sinee the exercise may be time-consum-
N, vou may want to =tart with just one group of thesce
problems. such as thosce with too much information, and swork
up to doing a group of mised problems.

Samples:
THIS PROBLEM CONTAINS ENOUGH INFORMATION:

Muargo bought 7 book= last week. This woeek she bouaght
three times ax many hooks How many hooks did she buy
this wecek?
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THIS PROBLEM HAS TOO MUCH INFORMATION:

138 fifth graders are going on a trip to the zoo. Thev will
take 3 buses. 72 of the students are boyvs and 66 are girls.
There must be an equal number of students on each bus. How
many students will ride on cach bus?

THIS PROBLEM HAS NOT ENOUGH INFORMATION:

Peter bought 3 pounds of meat at $1..39 a pound. How
much change did he receive?

Activity #4: Read the problem and fill in the missing
information.

Materials necded; Sets of word problems, index cards or seon-
tenee strips=. o1 dittos,

Procedure: Seleet o variety of problems tor =elect one par-
ticular sct of probhlem=. Go through these problems and leave
out key words, phrases, whole picces of information tie., sen-
tences), or tiie problem question, Make sure the problem s
rewritten with plenty of space tor the left-out portion. Have
students {111 in the blanks with whatever they think will
make sen=e in the problem. To check whether students™ fill-
ins make sense. let the students try to solve the problom after
the information is added.

Sample:
THESE PROBLENS OMIT SOME INFORMATION:

There were 2 basketball teams=, How many children were
on eich tegam?

Alfred bought 4 models for S1.75 cach. How much change
should he receive?

THES PROBLEN ONITS THE QUESTION:

M=, Nguven bought 3 casscotte tapes For 57489 cach. i
chiading tax, She gave the clerk $30,00),
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Activity #5: Write a word problem from a word problem
outline.

Materials needed: Word problem cards with the prohlem out-
line and paper and pencils dif for a written exerciso),

Procedure: Write word problems based on problem outlines.
You can follow the outhne format used in many mathemat-
ies texts in which just the bare, base phrases of information
are given. (r vou can make up vour own outlines according
to the Kinds of problems= yvou wish to practice or the language
vou would like to use.

Sample:
Problem outlinge:

9 tables
9 people at cach table,
How many people in all?

Word problem written from the outline:

There were 9 tables in the =<chool lunchroom. Nine people
=at at cach table. How many people in 01l were sitting at the
lunchroom tables?

Activity #6: Write a word problem from a number sentence.

Materials needed: Indes cards with the number sentence =sets,
or i blackboard., Use paper and pencil or o worksheet for-
mat if students e writing the prohiems.

P’rocedure: Sclect sets of number sentences. Thiz nctivity
works= best if “faumilies™ of namber contenves are uscd - those
indicating inverse operations. Forexample, 3 x4 =73 57 =
12,12 -4 =777 4 =1 ete. Have students =eleet a situntion
for cach number sentence =et, then have thoem make up a
problem to it cach number sentence. The problem fits the
numbor sentence i the number <entence is the one vou use
to <alve the problem.
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Sample:

Number sentence:
Gx 4 =11
6x| =24

Corresponding word problem:

Alex has 4 friends. He want= to buy each friend 6 cookies,
How many eonokies does Alex need to buy in all?

Alex has 24 cookies, He wants to divide the cookies evenly
among his 6 friends. How many cookies will he give 1o cach
riend?

The word problem activities offered here are best used
with s=muall groups of three or four stadents, ESL teachers
can organize their classes into groups according to students’
language proficiency or mathematies background. In this way.
problems can be selected to fit the ability of cach group in
order to keop intevest levels high and frustration levels low,
Teachers can also place more proficient students (in English
or mathematicsi in the problem-solving groups to act as tu-
tors for their pecrs, However the groups are arvanged, it is
often best to start with problems that require easy math-
ematical =olutions=, =0 that students= can concentrate on the
language of the problem while they get u=ed to the process
of problem =olving cwhich is often new to them o,

The advantage of using word problem aetivities in the
muanner described here is that they can be incorporated cas-
ilv into most KSL curricula, Word problem activitios can be
built arcund almos=t any theme or instructional obyective the
ESL toeacher mught neod to teach. The time spent on the ac-
tivitios can vary from o regular period ecach week covering
many problems to 10 or 15 minutes per day or per weck to
work on one speeific problem. Most important, time spoent
doing word problems is never wasted, even if student= do not
get around to actually solving the problems until later, From
the mathematies point of view, LEP students= can gain expe-
rience in doing different types of word problems in Enpghish
and consequently become familiar with the general processos
required for any kind of problem =olving, At the same time,
they are provided with numerous opportunities to use their
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second language for basic communication and communicat-
g meaning in mathematies,

Closing Remarks

This chapter has provided mathematics and ESL educa-
tors with background information and instructional strate-
gies that address the educational neceds of LEP students. To
thiz end. the authors provided a brief e verview of the nature
of the language used 1 mathematics and discussed the rolo
language plavs in mathematices teaching and learning. On
the basis of this information, suggestions tor the adaptation
or development of instructional strategios that integrate
mathematics and second Tanguage learning in the mathemat-
ics and ESL clussroom were illustrated, The underlying goal
huas been 1o assist teachers in the commumention of math-
cmatical content to students in order to develop mathemati-
cal and sceond language skills.,
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After o fow minutes the sow bug e hecause i1 s
hot to them and when they die they look ke a
cirele, Putting the sow bug in the projector micro-
seope and it is =ee big, They have hairs in the legs
they look like tires in the back. The sow bug look
fikoe o armadilio.

tBahrath ov al,, 1984, p. 260

Francisco, an Hispanic child of migrant workers in rural
Texas, wrote these results from observations made while look-
ing at a sow bug under an overhead projector microscope
during his fifth-grade science elass. Like all of his classmates,
he had entered the fitth grade in the fall unable to read or
write English. His home language was a nonstandard vari-
ety of Spanish. and English was his sceond language, During
his previous vears at school he had acguired an adeguate
level of Englisn proficiency for carrying out social interac-
tions with his tenchers and peers, Academicallyv, however, his
competence in English was extremoely limited. Scores on o
standardized reading test indicated that he was functioning
at the first-grade level. The best student in the class read at
the =econd-grade level, others were al a preprimer stage,
Schooling for these students, up to the start of fifth grade,
had bronght no success and very limited English-Fangnage
proficiencey for school purpaoses.

A sensitive fifth-grade teacher who undorstood the cal-
tural sctting of his students, their level of cognitive
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development, their language needs, and the negative eftects
of prior school experiences challenged Francisco and his class-
mates to heecome readers and writers of English before the
end of the school vear. Using the eontent of science together
with that of mathematics and =ocial studies. Francizeo and
the other fifth graders muade an average gam of more than 3
vears in reading level: and developed considerable enthusi-
a=m for writing in English, their second language. The
excitement of learning about culturally relevint sow bugs and
armadillos in ruril Texis became apparent. More important
{or long-range rains, however, was the fact that these chil-
dren developed Fnghish-language proficieney for academice
purposes to the extent that they could know =chool =uceess.
Specifically, among other axpect= of schooling, they discov-
cred the wonder of science inguiry and. simultancous]y.
developed the English competence necded for engaging in this
inguiry (Haves & Bahruth, 1935 Hayves. Babruth, & Kesslor,
19851, A process-oriented =science class using an inguiry ap-
proach i among the optimal =ources of social interaction and
rongunge input for facilitating acquisition of o sccond lan.
gucue (Resslor & Quinn, 19581 Mohan, 1986a. 189865
Rodriguez & Bethel, 19830

This chapter explores relationship= between learning scr-
ence and acquiring Mnglish as< o =<econd language 1EKSL in
relevant sociocaltural context=, Specifically, it considers wiavs
in which =cience helps student= with limated Euglish profi-
cieney (LEPY to develop in all aspects of langunoe use at
school: Histening, =peaking, veading. and writing.

Science Processes and Language
Science 1= generatly defimed as oo set of concepts and e
Fationships developed through the processes of observiation,
identification. deserviption, experimental investipation. and
theoretical explimation ol nataral phenomeni.

Approaches to Science

When science 1s taught feom an inguaiey-bascd, probleom-
solving ovientation, student= learn to define o =cience prob-
lemy, stote o byvpothesi=opather datan analyvze datia, and make
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statements relating the hypothesis to the data, Through scei-
entific ingquiry, students develop jearning processes inherent
in thinking: observing., classifying, comparing, communicat-
ing. measuring, inferring, predicting, and finding space and
titme relationships. These thinking processes, applied in a
problem-solving farmat, lead to the development of the con-
copts of 2eicencee.

A distinction between an inguiry approch to seience edua-
ation and 4 textbook-oriented approach is eritical in any
exiimination of the role of seience in second language devel-
opment. Emphasis on inguiry leads students to learn more
abhout the "how” of =¢ience than the “what™ and to understand
that science iz not a static body of knowledge but 4 dyvnamic
gquoest. Overdependenee on texthbooks reduces the scienee class
to excercizes n literaey and develops a fundamental misun-
derstanding ot the nature of seience. For scecond language
learmers, dependence on texthooks in preference to hands-
on investigation 2eriously constrains the conditions that
facilitate language development. I students cannot under-
stand the language of the textbook and have little or no
opportunity to interact with others to gain meaning, their
sccond langunge proficiency will not improve.

A lab-based ingquivy appreach to science muast also be dis-
tinguished from =cience programs that rely largely on
demonstrations by the teacher. promoting inguiry processes
and language interactions only to i very limited extent, Sci-
ence holds @ unigue position in the school curriculum in that
it s one of the few content areas that emphasizes hands-on
experimentation. An important dimension of <cience instruc-
tiom = recognition of the learmoer's cognitive characteristies
and how they interaet with piorticular steategies to determine
the overall effectivencess of instructional programs. Current
SCTCDCe INQUIrY programs stres<s the engnitive processes of
ohserving, inferving, predicting, hyvpothesizing, and experi-
moenting, These and similar programs provide a rich
cnvironmen for <simultaneons cognitive and linguistic devel-
opmont. Confronted with obscervable natural events that =et
up o diseqguilibrium or cognitive conflict, in the Piagetian
sens=c, children work haord 1o resolve the contliet i given the
time to investignte and the opportunity to discuss theimr work.
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In problem =olving. students must select and order var-
iecd types of data, using concepts that they already know to
guide their search for answers to questions. This process
leads to an understanding of new concept=s and their rela-
tionships. Associated with this process are the efforts
students make to convert these experiences to language.
Francisco, in his lab report on ob=ervations about a sow huygr,
waw relationships between the hug's physical appearances
and other phenomena in his world. He saw that a dead sow
bug looked like o ecirele and that the hairs on its legs together
with its =hape made it look like o tire or even an armadillo

The Language of Science

In a science texthook. abstract ideas are logically devel-
oped and linked through a4 number of linguistic deviees:
repetition of key words, usce of paraphrase or semantically
similar terms, and use of logical connectors such as hecause.
foncever, consequentiy, and for example. These eonnectors in-
dicate the nature of the relationship hetween the parts of a
text, They can carry out a number of semantic functions, Sci-
ence test= tvpically include connectors that =ignal addition
or similarity, contradiction. cause and effect or reason and
result, and chronological or logical sequence (Celee-Muarceia
& Larsen-Freeman, 19831 Although little rescarch has heen
done to identify the difficulties that logical connectors present
to ESL students in the context of =science learning, a study
ot 16.530 =tudent= cnrolled in Grades 7—10 in Australin
showed that substantial numbers of students experience dif-
ficulty with connectives used in varvious types of logial
reasoning (Gardner. 19200 Other Togical connectors in the
language of scicence may be expected to pose particular prob.
Jems for 198 student =,

As children pass through the Piagetian stages of intel-
lectual development., they learn first to make discoveries
through sensorimotor activity, then to ask questions of adults,
and finally to ask guestions of theomselves. Animportant com-
ponent of <cience instraction. espeeially with older learners,
anms to promote activities in which stadents are activelsy en-
gaged 1in discussion with one another aover the truth of
hypotheses presented and the meaning of data gathered. The
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ability to ask questions, gencerate tentative answers, make
predictions, and evaluate evidence as supporting or reject-
ing the answers develops as a result of attempting to carry
on discussions with others.

Students gradually internalize the linguistic elements
necessary for hyvpothesis testing and argumentation. Such
internalization appears to be a prerequisite tor aspects of
proportional reasoning and other types of advanced reason-
ing used in science, The ability, for example, to raise questions
abhout 2 problem, generate hypotheses, make predictions, and
dexign an experiment to test the hvpotheses rests on the
gradual internalization of the linguistic elements involved
A, Lawson, D1, Lawson. & C.A. L.awson, 1984). To the ex-
tent that scicnce students do naot have access te these
linguistic abilities, they cannot suece=sfullv engage in science
inguiry that demands this kind of reasoning. Thus, ESL stu-
dents who do not vet have the necessary linguistic clements
in their first language or who are unfamiliar with their use
in the second language may be expected to have particular
difficulty in science reasoning.

In a studyv of factors affecting academic achievement 1w
second language. Saville-Troike 1 1984) found that knowledge
of vocabulary is the most important aspect of second longuage
competence for learning academice content through that lan-
guange. Knowledge of vocabulary is more important than
knowledge of English morphology, such as plural markers on
nouns or past tense merkers on verbs, and even knowledge of
syntactic structures fo: sentence patterns, Fuarthermore, it is
one thing to be able to se langunage socially and another to
use it academically, Lingruistically, the most important aspoect
of language the ESL student needs is vocabulary,

Specialized vocabulary is closely tied to the specific con-
tent ol science. In a study of science textbooks that are widels
used in Grades 6 through 9, Huord, Robinson, McConnell, and
Roxs (1981 found that more than 2,500 new words were in-
troduced cach vear. They paint oat that this figure s twice
the number of new word= commonly introduced in a forcign
langunge class at the same grade level, Terminology, never-
tholess, is o centeal featire of the testbooks that most scienee
classes use as magor determiners of what student=s muast do
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and learn in science (Yoger, 189530 While the importance of
terminology 15 o general problem ot seience education, the
abundance of new terms poses particular problems for KSL
leiurmers, Recognition of sach problems is cruciad ain lyght of
the growing evidence that knowledge of vocabulary 1s exsen-
trad to fearning acadenne content through o second Language.

Student=s’ ability to recopgnize =cientific concept definitions
and their verbal Tabels is o feature of science communica-
tion. fanch, Chipman. and Pachaury ¢ 1985 studied a =t of
key concepl words used in defining the nature of nuater ey,
atomi, =olid, elements In adopnnistering cquivaleont tests to
TOth graders in Aastrabia, using Koghish, and in ITndia, us-
g Hindi. they found identical scores for hoth groups=. ltem
analvsiz ol the test, however, showed considerable variations
in the order of recognition for specific terms. In ane parn-
digm dealing swoth spatial and relational notions=, for example,
the order tor INnghsh speakers was joren before mass:; {or
Hindi student= the correspondimg order sas mass bhefare area,
I another parcadigom onm the physical torm of matter, Koo
lish =tudent= =cored consistently higher on the set of terms
abhout the state= of matter o o, solid, Hguid, gas, Flindi ~tu-
duents, on the aother hand, <showed higher socres for tormes
dealing with the =ubstructure of the atom e electron, pro-
ton. neutrons Differences in the order of developmaoent for
“crence vocabuboey are attethoted. ot feast in paot, to hneuais-
tie and cultaral variable= i the homoe lnnguanges. Findimgs
stieh o= the=e have impheations= for teaching scienee i S
Ditterence=an tirst Linguage aondd caltare may play a role i
the developient of ~erennfie iinouase to an extent that -
generally overlooked.

The Lingage of science b= comples, i much haos ver 1o
e sinadyvzed o it~ relation=hip to the needs of the ST, =ia-
dent studvinge scicnce. However, scveral hasie principles
should TesRept momond swhen workimg with the KPP stadent:

1 Student=" acipiasttion of new terminology or nes =trae
ture= reguires the presentation of these jtetgs in ~cienee
contest =, ot i hi=t< of i=<olated tems,

2 The mare stadent= ace physcallsy eneawed on biands

on activittes thiot involve talking aboat concept=, the sooner
the nvaape of science swall b aegquinred.
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3. Simultaneously, language in general will develop from
the communicative context in which 1t is used (Mohan, 1986a.
1986h),

Fortunately. much of the terminology and svmbol system
used in seience is recognized internationally, a facilitating
fuctor for the older ESL student with prior science instruc-
tion in his or her first language. Nevertheless, the
development of the language of science, or the seientific reg-
isters = a major consideration in using =science content with
ERL stadents.

Ethnoscience and Language

Culture. as a term in sociad science, refers to learned and
<huarcd standards for wavs of thinking. feeling, aiad acting
tErvickson, [986). Teaching science across cultures requires
taking into account cultaral differences and considering how
they affeer coneept developmient.

All cultures have well developed theories about how the
physical world apervates. Even young children before begin-
ning instruction in science have knowledge that they use to
explain and make predictions about their physical world, K¢/
noscience refers to theories and proceduares for learning about
the physical world that have evolved informally within cul-
tures {o explain and predicet natural phenemena, Children,
through membership in a4 cultural group and through con-
~traints of developmoent, bring their theories of othnoscience
to the =tudy of formal science in the schoot =otting. These
folk or nuive theories provide culturally satisfactory exphi-
mations and proedictions and by and large permit snccessful
functioning in the physical world, They are, however, diffi-
cult to veplace or moedily in formal science instruction
CChampagne, 19561

One major difference between formal science and ethno-
se1enee = in the meaning of termas. One example is the usce
of the terms cofocity and acceleration. From the standpoint
of cthnoscience, these terms are syvnonymeous, In formal sei-
ence they e vigorous=ly distinguished: cefoeftv s thoe rate of
change of position, cdeccteration v the rate of change of
velocity, Everns after formial <cience insteaction: however many
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individuals continue to confuse these terms in talking about
forward motion. A further illustration of persistent beliefs
about motion is commonly found in accounts of what hap-
pens to a ball dropped by a person who is running. In spite
of formal science study, many remain convinced that the ball
falls straight down. failing Lo adopt the baxic principle that
the ball will continue to move in a forward as well as down-
wird motion  MeCloskey, 19834

Ethnoscientific theories are generally applicable to a
much narrower range of natural phenomena than those of
formail science. Formal sciencee, for example, has one
theory to explain hoth the motion of a bhall in free fall and
that of one rolling down an inclined plane. Ethnoscience
may have two separate theories to explain motion in these
different settings,

In another example of ethnoscience, M. Smith (11986)
puints out that Native American Cree and Qjibway people
traditionally classify plants and animals according to their
function and use. Formal science classifies them according
to =tructure. While children aniversally carry out the pro-
coess of classification, the syvstem of classification made
aviulable to them is arbitrary. The classification syvstems of
ethnoscience and formal =cience in this case are both vahd,
just different.

Fthnozcientific perspoctives ean influence all of the think-
g activities of scrence-—from obse. vation and ela==ification
o inference and prediction. Although formal science typically
presents concepts as if all students conceptualize their phyvsi-
cal environmoent in the =ame way and ethnoscience recog-
nizes that students from diverse cultural backgrounds may,
in fuct, differ in science-related thinking processes, the exaet
nature and extent of these difTerences 1= not fully understood.
in a study of spatial thinking processes for Naviajo 6th- and
10th-grade <tudents, H .G Cohen (1985 found no substan-
tial differences 1in the development of selected spatial abili-
ties for American Indinan children Living in the traditional cul-
ture of the rescervation swwhen compared with non-American-
Indian students,

The extent to which scienee programs should be rede-
signed to make them cthnically relevant is o matter of debate.
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For ESL and science teachers, however, the principle remains
that all children share a set of universal thinking abilities.
regardless of first language or culture. At the same time,
teachers must be aware that cultural differences may frame
the view of the world differently for LEP students. The
learner’s ethnoscientific theories provide the starting point
for science instruction and. conseguently. for the ESL
student’s language development in seience contexts, The ESL
toacher and the science teacher both enter into the complex
role of bridging eross-cultural differences and mediating in-
tercultural nnderstanding.

Science and ESL teachers who fail to take into account
cthno=cienctific viewpoints, both culture- and age-related, ean
casily misinterpret the LEP student’™s ability to understand
the languape of science instruction. Although the surface form
ot the language ma» be understond, the underlying cogni-
tive restructuring needed to change a naive theory may not
have occurred. Communication breakdowns may arvise. then,
not from language but from conceptual notions ahout the
physical world. The necessary cognitive ehange may not take
place unless or until students experience o sociocognitive con-
flict. Such a conflict is triggored by a combination of social
interaction and the use of manipulative materials for echsery-
ing physical events,

Sociocognitive conflict also facilitates the acquisition of
a =ccond language. KEngaging LEP children in social interac-
tion not only creates internal conflict for restructaring wayvs
of thinking about the physical world, but also provides the
Langunge environment needed for linguistic development.

Language Acquisition Processes
in Science Contexts

“"Noing scienee” s a risk-taking activity, Kxperimenting
with phy=ical realitics does not offer presct, error-proot out-
comes, It often involves muany false starts, modifications,
restatements, and the need to gather more data as input for
reformulating hypotheses. Likewise, "doing language.” or
acquiring a new lioguistic systemn, 1< o risk-takiog activity,
Experimenting with linguistic elements does not guarantee
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successful communication., Negotiating meaning during in-
teractions, oral or written, also involves false starts. editing.
paraphrases or restatements, and the need for more input
to reorganize or reformulate hypotheses about the develop-
ing language system. Risk-taking. in science inguiry or
language use, involves hypothesis-testing processce=. Such
processes necessarily hold elements of uncertainty and the
pussibility of error or failure. The science student makes
pFuesse= abhout physical outcomes; the language student
makes guesses about communicative outeomes. For language
learners, suessces apply both to meaning, or what is said, and
to form. or how it ix =aid.

Az Beebe 01898330 observes, nearly all attempts to usce o
new lunguage productively are risk-taking acts. Succes=ful
Langruagze learners are willing to take these risks in spite of
possible negative consequences. Franciseo, for example, took
risks in writing his scicnee lab report. He made many errors
in form, inchuading omission of required past tense markers.
incorrect prepositions, pronouns miarked for wrong number,
an incorrect article, errors in the verb phrase. and omission
of i1 sentence =ubject. For Francisco, the canscquences were
po=itive. The teacher praised his eftorts and understood has
intended meaning, Efforts such ax these gradually facilitated
the development of Konglish a= Francizco moved from the vir-
tuil absenece of academic competencee in Engli=h at the
heginning of the vear ta a level at which he functioned with
considerable suceess,

Ac - aring o second Tanguage 12 0 =oelucognitive process
resulting from etforts to take part i communicative inter-
action=. A= the exchange and negotiation of conceptual.
<ocioeultural, and affective content. ~ciencee providoes o form
of =ocial interaction that qualifies a= genune language vre
and thes as o context for binguage aequisition, Delining lan-
aaage avqguosition as oo matural, subconscious process< that
takes phiwe when the focus is on communication ol meaning,
Krashen 119825 argues that this process ix contral 1o =ceond
language development. The amount and guality oF languagoe
that the student recerves and understands are eritical fac-
tors in determining language proficioney outeomoes.
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Science mects requirements for an optimal source of rel-
cvant, comprehensible language input. affectively positive
conditions of high interest and low anxiety, and opportuni-
ties Lo engage in genuine communicative inleraction. Tapping
the thinking processes assoviated with seience sets conditions
for the simultaneous development of seientific conecepts and
Janguage. In summaary, the interaction hetween =science and
ESL development 1= threefold:

s  providing language input to enguge thinking processes:
e facilitating positive affecuve variable=: and

s <ructurin, oroup interactions in an academic sctting.

Language Input

Science offer= a particularly rich =ource of inpuat for the
ESL learner. For elementary =chool 2tudent= such as Fran-
cisco. it provides experience in the clements of scientific con-
cepts and basics in the language of =eience. The =same could
al=o be =aid for the =econdary school and college or univer-
=ity seience student: the overall principles are not age depen-
dent. Extensive use of graphics. detimimions of new terms, use
of fairly <imple =vntactic <tructures, and copheit and casy-
to-understand divceetions for carrving out investigations atl
contribute to the transmis=ion off meanings=. Input =ach a<this
corresponds= closely to Krashen™s (19520 view of optimal
mmput-—-comprehensable. meaningful, and relevant, Pictuares,
dingrams=. graphs. and other visual= typicdly found in sci-
eiwve text= and laboratory manuals supply extralinguistic con-
text= for helping LEDP students grasp the intended wmeaning.
Vocabwalars, new to native speakers as well s BST <tudents,
i= often given with o boldfaced definition ora visua!, Thix con-
tributes to clarifyving meaning and provides opportuniticos tor
the aequisition of torm= and refated bimgunge torms Kffoe-
Pive selence in=truction draws estensivels ona viaricoty of de-
viees, linguistie and extralinguistic, to ensnre comprehension.

Science, inomany wavs, helps the KST learner got the in-
put necessiary for language acgu=itwon, To the older student
with prior =cience instruction, the basie tvpes of seientific
dixcourse may already be famihiar: deserviptions, reports, in-
<tructions= for lnboratory procedures, accounts ol experiment =,

B1.AT COPY AVAILABLE b7
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and statements of conclusions and generalizations. Recogni-
tion of these discourse forms in a new language draws on
basic scientific reasoning processes and helps to make the
new language input understood. For vounger students not
yet familiar with these discourse uses of language, science
texts and laboratory manuals present new meanings in clear,
comprehensible language.

In addition to the =cience teacher, the texts, and the labo-
ratory manudals, the interaction of the ESiL student with peoers
serves to generate input. Interactions during science inves-
tigations call for a wide range of language functions,
including requesting, informing, secking clarifications, and
making ohservations. Following directions, carrving out in-
vestigative procedures, observing results, and drawing
conclusions constitute aspects of the genuine use of language
found in seience. Language used in science contexts such as
these provides a rich source of input for the ESL learner. The
oral language used 10 =cience experiences and the literaey
demandx in reading textunl material, following procedures
for conducting investications. and writing {ollow-up reports
contribute to the overall development of KSL.

Affective Variables

FHigh interest and motivation, intrinsie to scientific in-
quiry, are major contributars to second language dovelop-
ment. Affective varmables sach as motivation, =elf-confidenec.
and anxicty promote or hinder the mental proces=es govern-
mg language dovelopmoent. An effective language develop-
ment environment provides comprehen=ible input in a
low-unNiety setting, Serence meoets these requirements.

Whoen student= are actively engaged i science, their focus
1= on the phyvaicil ovents taking place. Lamguage use revolves
uround relating oh=ervations or communicating other aspects
of the imvestigation. Because students are focusing on tehad
1= being saltd—-meaning. they are not paving explicit atten-
tion to Ao messages are expressed-—-their form. Krrors in
language form are passed over as long as they do not dis-
rupt communication. If understanding does break down,
variots strategies may be used to determine the meaning and
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continue the activity Looking puzzled, asking what a word
means, and repeating a sentence or phrase with a question
intonation are various striategies learners use to cope with
not understanding. Such coping mechanisms, often referred
to as strategic competence, are used in abundance by good
language learners, In a supportive classroom setting, use of
such =trategies does not cause learners to become overanx-
ious or feel threatened. Because seience experiences are
intrinsically interesting, language learners readily use these
strategies while maintaining positive attitudes and continn-
ing to receive the input needed for language development.

Atfective variables play a critical role in second language
developmoent tor learners of all ages, Attitudes toward the
new language and calture may intersect with the aftoctive eli-
mitte set 10 the ¢lassroom. Nogative responses in any of these
dimensions can inhibit second langunge development. just as
very positive ones can promote it «Wong Fillmore, 1979),

A major roloe of the teacher, setence or KSL., i to make
certain that students understand intended meanings. The
teacher also keeps anxiety lovels lowered by not demanding
language production prematurely and not requiring error-
tree production when students trv to use the longuage.
Correction is focused on thoe truth value of the language used
in terms of scientific aceuraey, interpretation, analysis,
creativity, and evaluation, Many ervors in form are naturally
eradicated as the learner develops more of the Tanguage syvs-
tem. Errors in written aetivities, including lab reports, may
bhe addresscd through nonthreatening technigues such as
those usced 1n teaching wreiting, including peer editing and
teacher confercneing (Calkins, TORG).

Learner Interactions and Classroom Structure

The ela=sroem structure, which includes instmactional
<tvlie and student composition, can inhibit or promote sec-
ond language acquisition,

In alongtadinal study of voung children acguiring Kng-
hsh as a =econd language, Wong Fillmore ¢ 198:3) found that a
relatively open elass structure works only if enough native
Fonglish speakers are in the cluss to enable sustained interace-
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tions with the ESL learners. In aun open. interactive setting,
the amount of language input to any individual student
depends on the student’s own ahility to secek out others in the
class who speak English and to initiate some kind of mean-
ingful exchange with them. Because of each learner’s unique
wot of personality characteristies, not all student= can do this
cqually well, For elassrooms with a high concentration of scc-
ond language learners, a more teacher-centered approach
mayv he necessary. particularly if the ESL students sharve the
same first language, The teacher must then structure and
manage the activitios in such a way as to ensure that cach
student has adequate aceess to second language input,

Sceienee presents extensive opportunitios for student in-
teraction. Laboratory work is a tyvpe of open classroom thid
provides enough structure and management to make condi-
tions for second lanpguage developmoent possible even when
the concentration of ESL students is high.

Science labs normally require student= 1o work together
in small group=. KSL lcarners doing =ctence investigations
together receive ianguage inpuat and participate in meaning-
ful negotiation=, Even when rthe imteracuion is hetween non-
native speakers of Knglizh, the quantity and variety of lan-
punge practice and the guality of the process tor arrviving it
an understanding of meaning thirough group work continuee to
lacthitate second language acqguizition Long & Porter 1955,

Science labs also provide language Tearnervs helpful varia-
tions for getting input. Students often have opportunities in
a lab to act a= peer tutors. In a study with Mexican-Ameri-
can LEP students and monolingual Konglish-speaking
student=. Johnson (1983 found that <tructurced poer-tutor-
ing se=xitons that fecased on the natural usce of Enghsh lod
tao signilicant increases in vocabulary for the LEDP children.
re carefully structured =etting= designed for exchanges of in-
formation in English, LEP students functioned as tutors tor
the non-LEDP students in this study, Scicnce labs prove oo
stmilar structure in the sensc that the rele of tator mas al-
fernate svithiin the group. The 1851 =tudent may at times be
atutor as the group completes all the steps necessary {or
the lab, and at other times be the one tatored, Benefits are
dervived iy cither case,
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Peer interaction must also take into account factors that
can potentially alter its effectiveness. As Cohen and Anthony
119821 explaun in detail. classroom social status affects the
irequency of student interaction, Interaction itself affects the
amount of learning. They found that children with higher
sociul stiatu= have more access to interaction and that chil-
dren not fully proficient in English are perceived as having
lower statu=. For peor interaction to be offectivo, status of-
fects must he treated. Ohne program that has reported
cftective results in modifving status etfects is the Finding
Out Descuhrimionto carrviculum developed by De Avila and
Dunrcan ¢ 19545 This bilingual science/mathematics program
metkes us=e ol learning centers in which children take turns
at various as=signcd roles. They gradually understand that
new learning draws on not ju=t a single ability but a num-
her of unrelated ones. This multiple-ability approach to peer
interaction reduces negative status eftects, allowing all =tu-
dents to expervience the sigmificant fearning goans from group
interactions, Students learn to use one another as resources
regardless of linguistie differences. Interaction in thas type
of heterogenceous grouping tacilitates conceptual learning for
all students, Whon classroorms= are orgamzoed =o that LR stua-
dents have access tointeractive settings, students can ircgure
both science and English stmultancously Pre Avila, 19830,

Cognitive Benefits

For children devoloping o scecond Language at school, ac-
cess to two hiaguages appears to have positive effects on
cognitive functioning onee student= reac’ a certain thresh-
old Tevel o bhibingual inguistic competence «Commins, 1976,
Studies from aowide range of sociocultural contexts indicate
that children who know two Tangunge= may have an advan-
tage over monobhinguals on vavious measures of cognitive
abilitie«, con=1=tent waith Camminss hypothesi=, Positive ef-
feet= appear even before the =ccond limgoage leqarner has
achicved fully biddanced proficiencey in two languages.

In a =citence cducation program comparing monolinguadi
FEonglish-speaking sixth-grade children with hilingual peers
u=ing K&, Kesster and Quinn 1982, 1985 tound that
Dilinguals performed significantly better than monoelinguals
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in formulating solutions to science problems, For this study,
physical science problems were presented through 3-minute
film loops. Students then collected data by asking ves/no
questions of the teacher. The film session ended with stu-
dents writing as many hypotheses as possihle in a rigorously
controlled 12-minute period. In discussion sessions follow-
ing presentation of the film loops and the writing of
hypotheses, children learned how to judge their own hvpoth-
escs and how to make use of their observations and inferences
to generate hvpotheses of higher gquality, The ability to gen-
erate multiple solutions to a problem illustrates an aspect of
divergent thinking. In addition, children using ESL were su-
perior in convergent thinking, as seen in the linguistic process
of metaphor formation (Quinn & Kessler, 1986). The similes
in Francisco's lab report relating sow bugs, cireles, tives, and
armadillos give evidencee of this process. Rescearch on the in-
teraction of cognition and language with science suggests that
hilingual children may enter inte divergent and convergent
thinking more fully than their monolingual peers,

Drawing on interaction between cognitive struetares and
cultural experiences, science provides the external eveonts to
challenge existing cognitive systems by presenting inconsis-
tencies to existing systems. Efforts to use two lunguages can
also function as a securce of disequilibriun: cauze compet-
ing linguistic codes are available to the leas oer. This conflict
leads bilingual individuals to build new cogmitive systems at
higher levels., Affective disequilibrium triggers the feeling
that “something is wrong™ or that “it deesn't fit” and contrib-
utes to the process=. For hilingual children, even those not
fully proficient in the second language. effort= to make things
fit cognitively, affectively, and linguistically in scionce prob-
lem solving enpgage brain mechanisms that stimulate both
languape and cognitive development. This interaction facili-
tates positive gains linguistically and cognitively tor all
children, but possibly more fully for dual-language uscrs
tRessler & (Quinn, 1982,

In a study of 64 Moexican-Amcerican LI third graders,
Rodriguez and Bethel (1983) found that science inquiry fi-
cilitated the dovelopment of elassification skills and English
oral language commmunication simmultancously. In o series of
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30 seience lessons that introduced scient fic concepts by re-
quiring the manipulation of concrete objects such as rocks,
buttons, blocks, and shells, children learned to make obser-
‘ations, comparisons, and descriptions, They eventually
learned to group objects on the basis of perceived and interred
attributes. Each lesson introduced specific terms appropri-
ate to the ohjects, such as solubility, texture. and
permeability. In developing the language of science, children
learned new vocabulary in context, word meanings. and op-
critional detinitions of terms. They learned how to usce the
precise and descriptive language of scienee. Manipulating and
clas=sifving objects gave children opportunities to talk about
something they were doing. Interactions with peers and the
teacher were an important part of earrving out the classifi-
ation tasks, Having somethiong new, different, and
intere=ting to talk about contributed to oral language devel-
apment in KSL As a result of the =science lessons, scores
improved sigaificantly on o test of classification skills and
on a test measuring oral language skills. The inquiry ap-
proach used in this study <pecifically identifies contributions
ot the following to the successful simultancous development
of cognitive and linguistic process<es in i science context:

¢ uscof manipulative materials;

teacher's immteraction with the children:

*  poeer interaclion:

e independent work: and

dizcovery of relationships through activity

The Finding Owd D Descebrimiienito curriculam meoentioned
earlicv (Do Avila & Duncan, 1984015 o hihingual =cience and
mathcematics progriun that has been effeetively implemented
in a numboer of schools with Spanish-dominant children ace-
quiring English, Desipgned for use with small groups, the 130
activities are divided into 17 umits covering principles of phys-
icx and mathematics ina way that refates them to childrens
tnterest= and experience. By structuring activities to encour-
ape collaborative problent solving, the program iz dhreeted
toward development of higher level cognitive <kills. At the
sine time, activities also make use of both oral and written
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language in Spanish and English. Through concrete experni-
mentation and interaction with the teacher and peers,
students are actively involved in completing their tasks as
they talk and work together.

A project using the Finding Out miaterials with more than
300 children in nine Grade 2-4 bilingual elassrooms« in San
Jose O indicates o number of gains (DeAvila, 1983 [DeAvila,
Cohen. & Intili, 1881, The hnguistically heterogeneous
sample inciuded monolingual Spanish-speaking and ISnglish-
speaking children together with others at various levels of
hilingual proficiencey in Spanish and English, Results from
the Multicudtural Improvement of Cognitive Abilitios (1 MICA)
project show that participant= made improvements not only
in cognitive and academic achieveanents bhuat also in language
proficiency. Success is attributed to factors including o cliass-
roont organization encouraging =tudents to talk with cach
other while doing intellectually challenging adtivities and the
availability of a wide varicety of linguistic subgroups. For LEP
children, the availability of peers who can provide [inglish
Inguage input is an important resouree. Language profi-
cieney gains are a by-product of problem-solving imteractions

in linguistically heterogencous groups such as thos " he
MICA project. The positive effects of one group on th Cer

argues for not dividing & class into separate linguistic sube-
srroups for imstructional purposces.

A tyvpical activity for the Finding Owt curvicalum is the
following anctivity taken from the unit on electricity 1 1e Avila
& Duncan. 19840, The teacher’s guide and all materials aoe
riven in both Spanish and English. For purposce= of illuxtra-
tton, the Knzlish portion is providoed here.

Title: CONMNECT A BULEB
Purpose: To inveslunate circuils

Matlerials: Vanety of cell batteres. msulated wire (with 3 cm o insalation
removed al ends), flashhght bulbs. penciis. workshoets

Corresponding Operations (Concepts):

Inference: Prediching which bulbs will ight on the basis of prior expenence
with battenes and bulbs

Multiple classes/inclusion-exclusion: identifying working and
nonworking ways to connect batlernies and buibs
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Inference: Understanding why some arrangements work, scme don't:
grasping concept of circuitry

(Students working in small groups complete a worksheet to show the ways
to connect circuits that will work. They are asked ta draw circuits that work

it the box on the left-nand side of the page and those that de not in the box
on the right-hand side .}

Suggestions for Teacher-Student interactions:
1. What did you think about when you made your predictions?

2. What did you notice about all the ones ihal worked? How abgut the ones
ihat did not work?

3. 1n what other ways do we use circuits? Mouse. school towns.
phones .. 7

Vacabulary: connect, battery. bulb, wire. predict, circuit

The teacher’s rolo s one of facihtator and muanager, ask-
ing appropriate questions and guiding the children's
experiences as they work in =mall groups, pairs. or cven
individually ot the lcarning conters ESL Adevelopment takes
place naturally as LEP children do the activities that em-
phasize how childven think through a given problem.

Science Learning and
Second Language Acquisition

Evidencee indicates that ESL students can simultancousiy
develop new science concepts and acquire a new language,
As DeAvila (1983 points oat. LEP students will develop sci-
cnce concepts as readily as mainstream students. while they
acqguire Englizh proficieney. provided that certain conditions
are meoet. This point s eritical becausce it argues igramst mod-
el of Liinguage and science instruaction that reguive vervtaon
levels of linguistic proficiency before the introduction of new
scientific concepts. Buch models ryay use science for language
development but tap basie, prior =cience knowloedge a= a
source of input for hhnguage acquisition, dealing with new
=cientific concept= in the student's first languoage before in-
troducing them in the =econd language ' Penficld &
Ohrnstein-Gialicta, 195810,
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In conceptuatizing an Integrative Language Development
Approach as a counter-model in which both language profi-
cieney and academic content can develap together, Milk
(1985 identifies two critical elements: integration of second
language development into regular content-area instruction
and creation of appropriate conditions for providing input.
Sucecess for this model, as Milk suggest=, rests on coopera-
tive learning in heterogeneous small-group settings, This
entails the following:

* prouping strategies:
e alternate ways for providing input:
* technigues for making =ubject matter comprehensible: and

* opportunities to develop language proficieney tor academic
PUrPOSOS,

Criven the necessary conditions, the resualt is the develupnient
of cognitive academic language proficiencey «(CALDPY, the hit-
cracy-related aspects of languapge use necessary for school
=ucces= tCummins, 1981, 19854,

Evidence sugges=t= that LEP <tudent= ¢an develop new
=cientific concepts in either hilingual or monalingual Eng-
lish envirenments. FESL is used in either caxe. When the
conditions necessary tor =<ccond language acquisition are
present, English develops along with <cientific coneepts= for
LED students.

ESL and Secondary School Science

Ho 118982 conducted o stady of the reliitions<hip betweeen
phy=ic=s achievement and the language of instruction with
10th @raders in Hong Kong, Chinese student=s who were
taught physics in English, their second language, by a non-
native =pcaker of English, learned the content of physies as
well as peers who were taught 1in Chinese, thes native tan-
gunge. Achicvemoent in physies wias not impeded by using the
=ccond Tangoage a= a moedium of instruction. On an English
proficiency test that assessed Istening comprehension, Eng-
lish structure. vocabuiary, veading comprebension, and
writing ability, the mean perecntile for the Chimese ESL stu-
dents was 54, an intermoediate proficiency level,
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A case study conducted by Kessler and Quinn (1984) of
the aequisition of ESL by a native speaker of Gujarati pro-
vides evidenee of substantial Englizh-language development
in the context of a physical =eience course. Data from lab re-
ports show that during an academic yvear the student moved
out of a beginning preproductive stage, systematically and
extensively acquiring vocabulary, syntactic structures, and
the mechanies of writing., Language development occurred
without the teacher correcting language forms. Evaluations
of work rested on the scientific accuracy of the reporis. Data
for the case study were 20 lab reports collected in a physical
science class along with personal letters to the teacher in an
ESL class during the course of the year, The science elass
and the KS1. class woere taught by the same teacher. Written
data for the lab reports provide a source for analvzing the
development of form-funetion relationships with emphasis on
following written directions, identifyving materials, uescrib-
ing procedures, making obsorvations, stating hyvpotheses, and
drawing conclusions. In addition to analvsis of the linguistic
svstem, the student’s handwriting and the mechanics of writ-
ten English—spelling, punctuation, and capitalization —were
examined to gain insight into acguisition of English literacy.
Letters written in the KSLL elass corroborated language pro-
ficieney shown on the lab reports,

The student followed a format preseribed by the teacher
for all =cience reports, giving the following:

e the title of the =eience experiment as stated in the text:
* the probiem as svnthesized by the student:
s the material= as listed i the directions;

* the procedure as summarized from the detailed version in
the text:

¢ the presentiation of findings or oh=ervation= o= determined
by the actual lab experience: and

s the conclusions= drawn from the data gathoered.

With thas format, lnb reports tvpically generaied languige
that tn same parts was copied from the text and in others
witm produced creatively by the student. The foliowing
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example of o report on the force of friction based on direc-
tions found in the science text (Bickel, Eigenfeld, & Hogg.
1973 vepresents the carly stage of English development:

Title: The farce of friction and the waight of a Body
Babelm: whal happned to the force beok.
Malerials = spring scale: loop of thread: 4 Textbook

Procedure—Four texibook will be needed for this experiment. so shauld
work 1in groups of four 4 the weight of book by means of a
spiring scale, and reco .. u1e weight

rnumber of book weight ¢of Bogk force of {(Friction)
in newton N newton
1 g N 3° N
2 18N 6 N
3 27 10N
4 36 N 12 N

Congusenel—the book differce newten and twice time

The student clearly understood and followed the proce-
dures in recording the weights and caleulating the foree of
fricuion, arriving at a reasonably appropriate conclusion even
though verbalization posed problems. Errors are present for
hath copying and productive language use. but the main
meaning is conveved,

During the veuar the student generated increasingly mere
productive langnage, and the gquality of languagoe u=ced in
writing lab reports showed marked changes. The following
report un the solubility of sodium chloride shows the level of
FSL development reached by the end of the venore
Titais= To Find the Selubility of Sodum Chionde by Evaporating a

Saturated Sotution

Problern: ind solubivty of sodium chlondn

Materals- 100 mi graduate: evaporating dish. equat-arm balance. stand:
danch nng. wire gauze, burnar

procedure 1) find the mass of the evaporating cish, pour the solution
it the dish
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[}

Attach the ring to the stand so that tne ring is about 10
cm above the top of the burner

3) When the salt appears tc be dry. heat the dish strongly
with the full flam of the burner

data: 1) mass of empty dish 442 g
2} mass of dish plus soiution 66
3) mass of solution 21.8g
4 mass dish plus salt 51.4
51 mass of salt 7.2
B! mass ot water 14 .8
7 volume of water (m!) 4.6
8 sclubiiity of NaCl 493

mass of salt
volume of water (mi}

Conguisen: Salt 1s very sclubility in waler,

By this stage, the student paraphrases and summuarizes
mueh more extensively than at the beginning of the vear re-
Iving much less on copying from the text, and fewer errors
appear in language forms and writing mechinices,

ESL and Elementary School Science

In Francisco's fifth-grade bilingual class in Pearsall,
Texas, science was an integral part of the curriculum. Stu-
dent=, usualiv working with partners, regularly designed
their own investigations. On the pattern of the high school
physical science reports, they alzo wrote up their investiga-
tions, Since all students in the elass were ¢las=sified as LEDR
scionce acnvities m Fnglish were simultaneously ESL activi-
tics. A major project of the vear was to write, s o elass. a
=<eries of books=, including two on =<cience. Students wrote and
edited their materiall adding illustrations where appropri-
ate. The teacher provided examples and scrved as o resource
person, but did not correcet the work before it= publieation,

A tyvpicial =cience report produced by Tate March of that
vear ix the folowing on using an overhead projector micro-
seupe to study insect s,
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A flea
MATERIALS: cne flea, paper. projector miscroscope, two glass slides
PROCEDURE:
1) Get adogor acat
2) Then get the dogs ear and you can find a bunch . ‘leas,
3)  Get the flea with your finger naiis and pull it out.
4y Putit in a smail bag abreut the size of a cigar bag.
5y Putthe flea on a glass shde and then put the cther glass stide on top.
6) P the giass slide on the projector microsope.
7y Turn gn the projector miscrosope.
8y Focus.
RESULTS:

First the flea was littie and then the flea was big. And the fiea had ke a
needle on front of his head. The flea had like hair on there feet and on
there back. And the flea s 1at b it when t's out of focus it looks skinny and
it (iflustrabon given)

Having started the vear basically as nonreaders of Eng-
lish, these fifth graders Literally wrote their way to reading
through this process (Hayes, Bahruth, & Kessler, 19851,

Rescarch evidenee from teaching science in English to LEP
students indicates that both =eience and languape can develop
at the same time when conditions for effective science inguiry
and sceond language acquisition are met through the elass-
room structure aoul management, This goal entails adjust-
ments in the materinds= to meet langiiapge needs, oxtensive peer
and teacher interactions, and intrinsically interesting and
cognitively enrehing activities for the ESL «tudent.

Materials for Science
and ESL Developmen:

Materials designed specitically for the simualtancous de-
velopment of seientific concepts ana KSL are not vet widely
available, In most cases teachers are left with the task of
trving to adapt texts ond activities designed for native speak-
ers of Fnpglish, Knowing how to use the materials at hand,
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however, can lead to successful experiences for both science
and language learning. The physical science investigations
by a4 high school student. the examinations of the environ-
ment by migrant children. the classifications made by third
vraders. the hvpotheses formulated by sixth graders—all dis-
cussed in this chapter—indicate that science and ESL can
develop together ¢even without uniguely prepared materials
provided that the materials selected are used under appro-
priazte conditions,

To help teachers make appropriate adaptations for =ci-
ence materials, many school districts have developed science
curricalum guides that serve as a resource in working with
LEP studoents. Written by clas=room teachers in many cases.
these guides tvpically give apecifie objectives for o lesson,
identify relevant vocabulary, and present a set ot activities
to carry out the objectivez. Following is an example of o les-
=on dexigned for use with kindergartners, adapted firom a
science guide for the Northside Independent School District
in San Antonio, Texas THaves & Pearee, 1985 [t s intended
for use with a wide range of English proficiencey levels,

Pnysical Science Strand: ENERGY

Sample Activilies:
1y  Shake coffee cans and decide if tha sound is loud or soft.

2) Listen ioc a sound made by the teacher or leader with an unknown
instrument cut of sight of the children. Have students \dentify the
chject.

3 Listento a rhythim clapped identify it as loud or scft. Reproduce the
rhythm,

4, Make a teiephone See what will carry sound vibrat:ons,

5 Make drums from emply coffee cans and catmeal boxes Compare the
sounds and discuss why one s loudoer than the other

61 Maxe a xylophone from jars 1o see and hear how vibraticns are made
For e¢hildren acquiring FEnglish, these activities help 1o
developthe concepts associated waith sounds= along with rel-
evant vocabulary presented in oo meaningful experience.
Muanipwdating objects such as cans or jars, acquiring data
through the =ensces by listening to various kinds of sounds=.,
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classifving sounds into loud or soft, and developing the con-
cept of sound vibration are all part of scientific inguiry,
Communicating data by identifying objects and describing
and contrasting sounds are activities that contribute to tan-
guage development at the same time. Activities such as
clapping to reproduce a rhythm or following the ceacher’s di-
rections to make a telephone are similar to tho=e of Total
Physical Response. a methodology for second language teach-
ing i Asher. 1982,

For older children who can read i their first language.
supplementary matenrials for the science text may help de-
velop the language necessary to partieipate more fully in class
activities and at the same time contribute to arderstanding
uf the science content. Kessler and Fathman 11985 devel-
oped one such set of matermals to accompany a commercially
available science series. Designed to help student= get mean-
mgful input from reading the science text and from
mteracting with the teacher and pecers, the activities draw
on i variety of cognitive and language activities,

The following exercise for the unit on electricity and mag-
petism for sixth grade illustrates how the text is integrated
into the reading and writing activities (Kessler & Fathman,
1985, p. 350,

Unit: ELECTRICITY AND MAGNETISM

Exercise F. Read about conductcrs of electricity on pages 160 and 162 of
your book, Dectde 1t each of the foilowing things 1s & good or a poor
conductor of electricity. Write it in the correct box below.

aluminum copper wire paper
rubber balioon eraser go'd
siiver plastc
GOOD CONDUCTORS POOR CONDUCTORS
(o foar listy {box for list)

1. Why re some things good conductors of elecincity?
2. How are pocr conductors useaful?

The items listed for classification are pretured and lahbeled
cither in the text itself orin the ESL workbook. Before this
exercise, stndents have completed a number of others thit
contribute to the gradual buildup of the voceabulovy assoeci-
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ated with electrie currents, circuits, and conductors. As they
acquire vocabulary for these concepts they can engage in class
inguiry built around these notions. In linguistically hetoero-
geneous classes, peers can serve as tutors to help ESL
learners successtully complete the exercises. The teachor,
peers, textbook, and workbook all serve a- sources of input
for language acquisition in the context of science lessons.,
At the secondary schoo! level, a text by Fathman and
Quinn 11988 is designed to provide ESL or science teachers
with i series of ideas specifically for teaching scientifie con-
cepts 1o LEP students. Organized around a unifving theme
of encergy, the text consists of o cohesive set of science dis-
covery lessons togethor with suggested languapge excreises.
All students participate 1n the investigations, but the
teacher’s explanations, vocabulary, and language exercises
can he direeted Lo the specifie needs of students at varving
Fnglish language proficiency levels. The language exercises
follow a notional/functional approach, relating lLanmaage fune-
tions with =pecific scientific concepts. Each chapter includes
descriptions and directions for three kinds of activities: a
teacher’s demonstration, a group activity, and an individual
avtivity, The teacher’s demonstration gives students the op-
portunity to listen and obscrve before producing any
Fanguage, For the group activity, students work together in
setting up and earrving out o <imple investigation. Student
interaction is encouraged through observing, recording, nnd
interpreting the data obtained. For the individunl activity,
specilic divections ave given for what to use and what to do.
Following cach tvpe of activity, suggestions are given for Llao-
guage exerci=es, including voeabularvy, what to discuss
istening and speaking:, and what to record rreading and
writing . Work=heots accompany each of the physical or life
=cience activities, providing oxcrcises for KSL students ot
varving proficiencey levels. Drawing on corrent approaches
to both language and scicnce teaching, the text i intended
for u=e by ESL and seience teachoers working individualty or
as a team. Itix designed tor hoth experienced and inexperi-
enced teachers to give assistance in teaching language while
presenting content reliated to the science currviculuam,
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The following sample activity from the text is excerpted
from the chapter on animals. The science concept for this
chapter 1= to show that animals ave living things that move
from place to place on their own power. Related language
functions emphasize making suggestions and expressing
opinions. Scicnce and language notes to the teacher are in-
c¢luded to provide anyv necessary background in doing the
activities. Science notes summarize the basic concepts around
which the chapter s organized. Language notes give the hin-
guistic background for the form and function relationships
u=ed in the science content,

Tile: ANIMALS THAT MAKE TRACKS
Activity: Teacher demonstration
Topic: Observing how some animals make tracks when they move

What to Do: Listen lo the teacher and follow directions ds the teacher
shows you how tracks are made.

Waords 1o Study:

Beginning: armmal. human, lracks. newspaper. ¢lay. move. walk, print,
across. sand. mud

Advanced: characteristic. energy of monon. pattern, a set. a seres.
evidence

What to Discuss:

117 Make suggestions to your classmates on how to ook for tracks in
places outside of your classroom. For example. you might say. "Why
don't you look in sangd for tracks? or "t | were you. I'd look in mud.”

21 Suggest where you think the best tracks might be found.
31 Descrnbe ditferent tr @« patterns.

41 Discuss the questc 15 What are some ammals that make tracks” How
are fracks made? What other things bestdes animals make tracks?
What do tracks of diferent sizes and shapes tell us? Where arc tracks
oten tound? Why are tracks cvidence of energy of motion?

What to Recurg

1 Draw a picture of the tragks that some of the students made when they
walked in the powder.

21y Wr e the namaes of animals thal make tracks and the best place Lo find
the iracks,

(Appropnate forms for making these recordings are given.)
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Activities continue with a variety of language exercises.
Among them are drawing circles around terms, identifying
and writing the most polite suggestions in a set, and writing
answers to questions based on the investig:ation of animal
tracks. In subsequent activities, students work 1in small
groups and, later, independently on further elaboration of the
concepts involving the motion of animals and the launguayge
functions of suggesting and expressing opinions.

Whether designed for kindergarten, upper elementary, ov
secondary school students, the sample activities presented
here are illustrative of how science and language develop-
moent can take place together, It can occur under the direc-
tion of the KSL teacher or the science teacher, Successful
implementation. however, rests on a number of factors. In
addition to clas=room structure and management and pro-
viding a chimate for langunge interaction and input, a key
factor is the ESL teacher’s willingness to handle basic sei-
enee coneepts or the science teacher’s sensitivity to basic no-
tions of second language acquisition. For both, it is impaoartant
to understand that the oral exchanges in the science elass-
room or laboratory contribute to the development of listen-
ing and speaking, or spoken dizcourse. Writing to learn
science (Johnston, 1985) can develop literacey for both read-
ing and writing., The writton discourse found in texts, lab
manuals=. or student-generated material is erucial for the de-
velopment of the ability to function academically in ESILL.

Key Factors for ESL and Science

Current approaches to science and second anguage edu-
cation, based on results of both rescarch and classroom
practice, indicate a et of central notions for relating scienee
and ESL. Evidence presentoed in this chapter gives particu-
lar emphasis to the following reasons why scicnee inguiry
et facibitate development of S

1. Science provides the sociocognitive conflict that spurs
doevelopment of o new language svstem.

20 Sciencee provides a souree of meaningtul and relevant

Finguage input, using hands-on materials and texts with
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extralinguistic devices (diagrams. charts, pictures, ather
vizuals) to clarify meaning.

3. Science provides the positive affective conditions of
high motivation e, low anxiety.

4. Science labs provide extensive opportunitices for smuall-
aroup interactions in which students negotiate meaning and
receive comprehensible language input.

H. Sciencee provides opportunities tor heterogencous
grouping with the role of peer tutor alternating among stu-
dents, which contributes to input. interaction, and a positive
aflfective ¢limate.,

6. Science provides experience with a wide vange ol lan-
ruage functions,

7. Science leads to oxtensive vocabulary developrent
needed tor school success.

R Seience integrates all modalities of banguage uas=e; his-
tening. spe ang. reading. and writing.

9. Scicr.ce provides literaev-related tasks for develop-
ment of cognitive/academice languapge proficiency.

10, Science uses prior cultural and educiational oxpoeri-
cnces for developing new concept=.

All of the=e factors taken together reflect the optimal condi-
tions= provided through science for ESL development,
Howoever elas=room integration of =cicnce and language edu-
cation will necessitate changes an carrent approqstches to
teacher preparation, For science education to affect K51 as
fullv as possable. seience teachoers necd an understanding of
bo=ic prinviples i =ecand hanguage acquisition: ESI teach-
ers necd experience with hasic processces in =science imguiry.
Although inguiry expervicnces arve integral to effective =eionce
programes, thoy mav require structural adjustmoent= in g num-
hor of ways 1in order to promote language developme it Both
S and science teachors need awareness of how 1o rocog-
nize and make use of conditions that Gwerdhitate aonpguaage
Acguisition in g content areda.
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Sclence gives

a rich context for genuine language use.
From a language

acguisition perspective, science as inguiry
can serve as a focal point around which oral language and
literacy in ESL can develop. In science, the ESL teacher can
find the content and conditions to encourage languagoe
acquisition. Specifically, from the ESL perspective,
seience ofters the following:

e interesting, relevant, and challenging content:
opportunitices for students to negotiate meaning:
an abundance of appropriate language input:
conditions fur keeping students involved:
interactions for oral language developmoent:
nuiterial for development of reading:
activities for development of writing: and
experiences with the forms and functhions of Enplish,

oo
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ESL and
Social Studies
Instruction

Aelissa King, Barbara Fagan, Terry Bratt, & Rod Baer
Aritngton County (A Ay Public Schaols

The ultimate goal of English as a second language tESLy pro-
grams in the clementary and seconcary =chools 12 te prepare
Hmited-English-proficient t LEP) students for success in main-
stream classes, To achieve this goal, the scope of instruction
should be broad enough to embrace the langunge and the con-
cepts of content-area subjects=, Teaching English i= not an end
in itself, but only o means to an end: the critical outcome 1=
now well teachers equip students to succeed in school
tSaville-Troike, 1951, It has been documented that second
languape students can deve.sp and strengthen language
=kills while acquiving knowledge and academic <kills that aee
crucial for success in content-area subjecets (Lambert &
Tucker, 19721, Using language as a vehicle to foeus on sub-
ject-matter content is an effective wav of providing natural
exposure to the language,

This chapter addreesses the [olleswing areas as they relate
to S and social studies fnstruction:

e why <ocial studie= 1= or <hould be a component of K81,
imstroetion:

*  curricalum developmuent and program design:
o  staff development and teacher training: and

s  effective teaching strategices and model Tessons,

83



56 £SL Through Centent-Area Instruction

Language and Content

The language used for academic instruction ix clearly dif-
forent from the langunge used for secial communication,
Cumnmunss (19800 two aspects of language proficiencey are
context-embedded, or face-to-face commumceation. and con-
text-reduced. or academic communicative proficiency. The
former 1s eritical in establishing social relations outside the
classroom and includes paralinguistic aids to comprehension
such = gestures, intonation. ohject=, and people. The lattor
i< essential for achievement in acidemic subjects in school
and relies on cognition. coneeptual development, sind the
more formal language used in textbook= and lectures, Re-
scarch conducted in Canada 1 Cummins, 19820 revealed that
LEP children can reach native-speaker ability in context-
emhedded proficiency within 2 vears, That is. within 2 vears
ol exposure to the target language (English, mo=t children
were able to mmteract socially and affectively with peers and
adults. Success 1n a socia! context, however, does not guar-
antee =ucces=s in an academic environment. For children to
perform at a level comparable to that of their Knglish-speak-
ing peers requlred H-7 veoars, There a2 o conziderable gap
between the time second language learners are eapable of
commuuication andd when they are able to function offeerively
invontent-area classes,

In many ESL programs, LEDP <students are mainstreamed
after reaching the “threshold”™ leved by doenonstrating <ocial
communicative proficieney. The threshold level 1= the degree
of lnngunge proficiencey needed for survival in o =econd fan-
cuage environmoent, It distinguizhes hetween the Tanguage
skills necos=ary for basie oral communeation and the acei-
demie, literacv-reiated sKkills uscd foranstructional purposes
Chamot, 1O i=ce Fipure 310 FFor LLED student=. acodemie
subject= muay pose particalar problenss becoase they nuny not
hivve been adegootely propored to dead wath the Linmuagee and
skill= neces=sary for content-arcea subyect matter, Clearly, 0SS
programes can play anoactive role i promoting the academice
Language proficicney ol P <tadent = therehy ineroasing the
rite of sucecoss o mainstreamed =ccond language learners,
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ESL teachers should try to integrate language and commu-
nication skills with academic skills and c¢ritical thinking. The
second language classroom should be viewed ax more than a
place for children to develop linguistie competence. It should
be recognized as a place where students fearn how to ma-
nipulate, apply. and expana language in order to increase
their knowledge of content-area subject matter. It should he
recognized ax a place where students develop an increasing
awareness of how to use what theyv know in order to under-
stand relationships and solve problems,

It is alzo evident that main=tream teachers necd to be-
come Mmore janguage =ensitive in conducting classes that
include nonnative English speaker=. Being aware of ESL
meoethod= would help these teachers incorporate activities that
enhance language development. both oral and written, into
content-area lessons, The need tor teacher training i con-
tent-based Englizh instruction was sub=tantiated by o =ur-
vey of secondinry teachers who constdered then top priorvity
o he =strategics for K8 mstruction in the contont arcias
AleGroarty, THUX3 1

Chamot 19830 has designed a scceond lamguage Tearning
model ba~ed on Bloom™= taxonomy  Bloom & Krathwolil,
1977 of cogmitive domuain=. In thiz model t=ee IFrg 3.1 on the
next page o cach of the =ix cogmitive fevels is muatehed with
corresponding lingoistic proces==cs=, cach succe=sive level
building on the concepts and =kills ot the previous one Both
internal vreceptives language <kill= and external qproductive
language <kills are outlined for each level, The first three
levels - knowledge, comprehension, and application- ¢com-
pri=e the =urvival Tanguage <kills developed by =econd
linguage learner= as they approach the threshold Tevel, At
these =tage=<. <student= memorize, recombine elements, and
u=e lanpaage for real communication. The nexst thyeee fevels
analyv=ix, svnthesi~. and cevalnation inclade the academie
manguarre skills that arve critical 1in content-area instreaction.
At those stages, staden' = give and receive information, give
explanation=, make conngrrisons, relaone ideiss, draw conelu-
~ons, capress udgment =, and make decisions
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Linguistic
Process

Recaling

Hecombining

CTommun:cating

Internal
Language Skills

Ciscrimination of and re-
sponse to souunds. words,
and unanalyzed chunks in
hstening. ldentification of
labels. letters, phrases in
reading

Recogmition of and re-
sponse to new combina-
tions of known words and
phrases in hstemng and
oral reading. tnternal trans-
tation 1o and from L1

External
Language Skilis

Production of single words
and formulas. imitation of
madels. Handwriting. speli-
mg. writing of known ele-
ments from dictation.

Emergence of interlan-
quage - tetegraphic speech:
code-switching and L1
transfer Wrnling from
guidetines and recombina-
tion dictation

Social Interaction

Understanding meaning cf
what 15 listened 1o in intor-
mal siuatons. Emergence
of silent reading for basic
comprehension

Communicaticn of mean-
ing. teelings, and intention
in social and highly contex-
tualized situations. Emer-
gence of expgsitory and
creative writing.

—_— et —— s e s e et E—— — o . . E—— R — . o —— — — — — ———— ——

Analysis

-
o

Synthesis

(3]
Fovaaliintoorn

fntormeneg

Grenaralizing

Jastirnn

Acauisihion of factuat intor-
maton fram histening and
reading in deconlextualized
situations

Use ot intorrmation acquire:
through reading and hsten-
g ta find relationships
mahke irterences draw con-
ciusiong

Evanntion of aoouracy val-
e and apphoeabihty o
eds acgured "hrough
roarhng and listening

Apphcation of factual infar-
maticn acgu:red to formai.
academic speaking and
wrnting achvities

Explaration of relaton-
ships mferences. and con-
chusions through formal
speech and wriing,

Expression ol judgmaents
through specch and wnting
use of rhetoncal conven.
tions

Figure 3.1. Second Language Learning Model

Note From "Toward a Functienal ESL Curncuium i the Elermentary School” by A L.
Chamot, 1983. TESOL Quarterly. 17 p. 462 Copyright 1983 by Teacners of Enghsh 10
Speakers ot Other Languages. Reprinted by permission,
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Chamot’s Second Luanguage Learning Model is develop-
mental in nature and provides a basic framework for skills
progression. The designated threshold level separates social
from academic proficiency. Going bevond the threshold level,
there is a high degree of correlation between the highest three
levels and the eritical thinking skills that are emphasized in
social studies instruction. Students are often required to draw
conclusions. make inferences, determine relationships, and
make comparisons in historical contexts, Furthermore, the
vocabulary and concepts presented in =ocial studies lessons
provide a natwral means for developing higher level think-
ing =kills. The terminology and factual information become
the vehicles for building concept= and stimulating divergent
thinking in social studics lessons,

Integrating Language and Content

Learning ix a holistic process that cannot be compartimen-
talized. Too often. specifie skills are isolated and taught
outside of meaningful contexts., making it difficult for the
learner to reassemble the whole picture in applving the skills
forr real purposes. Language teaching and leaming should
be anintegrated and syvstematic process that provides moean-
ingful content (Titone., 19811 Integrated language arts
instruction develops oral and written communication simul-
taneously. fostering the development of all language =Kills
in meaningful contexts, In contrast, ESL lessons that focus
only on structural patterns, for example, appear to contrib-
ute littie to student=s’ eventual suceess in academic programs
iNaville-Troike, 19840,

Furthcermore, subject-matter content can and should be
mterwoven into language lesson=. Anderson, Hichoert, Scott,
and Wilkenson (189510 state that the moxst logical place for
instraction in reading and thinking <trategies is in social
studies and =¢cience, rather than i sceparate lessons about
reading. Although the integration of reading and subject-
matter instraction ix not oonew tden, there 1= Iittle indication
that =uch integration is commaonly practiced.

Asher (1982 and Carroll 11967 have documented the
beneficial eflects of natural language exposure for seccond lan-
gunpe acquisition, Social studies content provides opportu-
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nities for natural language learning, allowing the learner to
focus on the content or meaning rather than on the struc-
ture of the language. For example, after students have
fearned about the vovages and discoveries of varioas Euro-
pean explorers. they may be askod to express points of com-
parisoen amoeng them both orally and in written form. Using
flusheards that give kev information about each explorver, the
teacher can help students form specific ~entence construc-
tion= 1o express comparison. Following are szome sample sen-
tence patterns,

Columbus was a Spanish explorer. and so was Balbca
Columbus was a Spanish explorer. and Balboa was too
Both Columbus and Balhoa were Spanish explorers.

Students 2ee an immediate application of the hinguistice struc-
tures and will be able to make samilar conm parisons i future
les=ons,

Now information pres<ented in social stadies lessons s
often a catalvst for further academic and language learning,
The motivation for lnnguage lcarning arises naturally as sta-
dents boeome involved in understanding concepts= of history,
veography, culture, and - on. At the <ame time, social stud-
tex knowledge «strengthens and enriches an increased
awnrenes= ot =clf, the community, and the environment. A
les=on on westward movement in the United States in the
1880, for example, mayv activate =tudent=s” intere=t in mi-
gration patterns throughout UUS0 history. This knowledge
may al=o lead them to discover morve about recent immigants
and whoere they have settled and eventually to explore how
theyv themselves i1 into these pattern= of movemaoent as nea -
comaers to the United Siates,

The Role of Background Knowledge

Social studies play s an important role in the accenltara-
von process of LED stadent=, When they first come 1o the
[ nited State<. they are expected to particpzate in elassroom
~etting= and to operate within a society that they do not tully
nnderstand. Beciouse they muay not be aware of American
rule=s and hehavioral expectotions, language minority =ta-
dent= are at o disadeantage. LT ctodents bhrings with them
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thow cultural framework for social interaction, as well as
subconscious assumptions about acceptable behavior and
belief svstems. Culture is the context within which people
think. ¢xist, feell and relate to others tBrown, 19800, repre-
senting a blueprint for personal and =ocial existence. People
unconsciously learn what to notice, whiat not to notice, how
to divide time and space, how to relatde to other people, how
to handle responsibility, and, to some extent, whether expe-
vience is scen as whole or fragmented. Because their values
miay be dramatically different frony North American values,
foreign students may encounter confusion and conflict trv-
ing to adjust to life in the United States, A sociad studies ¢lass
can give LEP students an introduction to the American ex-
perience. helping them to understand American vialaes and
relationships with the outside world.

LEP students, naturally, are as unaware of their assump-
tions as anvone: cach calture has its oswn reabty (Hall, 19760,
Thexe students can never participate fully in American soei-
ety unless they understand the American reality, It is not
an exaggeration to say that one of the ESL teacher™s great-
e=t responsihilities i to vive students tools that enable them
to funetion effectively in society.

An ESLisocial studies class should be concerned with
maonre than historical fact=, geography, and terminology, It can
promote the development of eritical concept= of American his-
tory, thereby helping culturally different student= to
understand their new country and itz origins, In an ESL «o-
cial studies elas=, student= can learn abouat the spirit of
independence and the =ense of individuali=m that character-
ize= American behavior, They can =study U8, laws and
m=titntion= that areoan fact, a reflection o American people.
They can wdentity with the colonixts" <truggles for freedom
andd apprecinte the sigmbreance of the Bl of Roshts<as<a pro-
tection of thas freedom, Students can discover how the U7S,
govermnent functions and what 1= expected of responsible
citizens, Indeced, the ESLesocial studies cliss can he o sup-
port sv=ter lor LEP students who are teving 1o adjust to o
nesw culture. In expanding there kKnowledge, the students en-
vision i more reali=stwe picture of the new culture and how
they nighi operate wathin it A more positive attitude and
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concept of self in turn enhance language proficieney (Oller.
Baca, & Vigil, 197K

Curriculum Development
and Program Design

At the clementagy and secondary levels, the KSL curricu.
lum must reflect the mainstream curriculum., If students are
to be prepared to cope with the academic mainstream, they
taust acqguire not only the language skills, but also the eriti-
il thinking and stady skills required in content-area classes,
The locally designed curricula of most school districts corre-
late with adopted texts, Generally, schools set grade-level
objectivex by subject area that students must master as they
progress through the system. School districts with Iarge LLEP
populations have experienced difficultios in efforts to tailor
content-area instruction to meet the needs of second language
students. The following problems have become evident:

*  LEP students mav not have had social =tudies instruc-
tion in their native countries,

*  Social studies concepts may nhot have been adequately
developed in classes LISP - tudents have attended previously.

*  The content of American social studies instruction may
differ greatty from that of other countries fthere may be gaps
in students” knowledgen,

» LEP students mav Tack the English-language =kills
necded to participate on grade level in soecial stadies clisses.

¢ Social studie=s materials are often too d Tiealt for hegin-
ning and intermediate LEP student= rrext s assame a=pocific
reading level for cach graden.

*  Teachers may feel unprepared to integrate FSL and =o-
cial studics instruction rmainstream teachers need training
in FESL o methodology, and K510 teachers need content-area
pieparation

*  LEP students are nnfamiliar with social studie= vocabu-
lary and have trouble keeping pace with native-English-
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speaking students who have & broad vocabulary base in =o-
cial studies.

*  The cumulative nature of social studies often creates situ-
ations in which LEP students fail to grasp concepts orideas
because they have missed previous instruction.

Integrating ESL and social studies instruction is by no
means easy, but the advantages are clear. LEP students who
progress in both language and content-aren skills simulta-
necusly will make a smoother transition into the mainstresm.
Programs that make a firm commitment to integrated ESL
and social studies instruction may find that LEP students
demonstrate greater gains overall and reguire less actual
time in <pecial English-language elasses. Results from addi-
tional research are needed Lo verify this generalization.

Curricuium Development

Curriculum development i= a1 muajor concern of proponents
of ESL/social xtudies instruaction. Administrators and teach-
er= need to find ways to ereate meaningdul learning situations
that build on previously acquired knowledge and are realis.
tic for the culturally difterent and LEP studeno. Through
meaningful learning. new material becomes an integral part
of existing cognitive structures tAuscebel, 1963, F. Smith
(1975 contends that a learning situation can be meaningful
only if the learner can relate the new learning task to prior
knowledge and if the task it=elf is related to an existing
knowledge structure. For the teacher of secial studies, this
tlest 1< oxtremely important. For the teacher of social stud-
ie= elasses with LEP students who eome iror o wide variety
of backgrounds=, developing this idea becomes an awesome
challenge. Is there a viable solution? Omne of the most effoe-
tive approaches scoms to be ene that makes few assumptions
about students” prior knowledge of social studices. Teachers
should start with the most basie concepts and gradually de-
velop related ideas into broader units of study,

Rather than adapting a fifth-grade texthook for fitth-
griade LEP <tudoents, the teacher may want to develop a serjes
of lessons that incorporate important concepts from Grades

1 through 4 or 5. Students who have not yvet grasped con-
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cepts introduced at an earlier level may experience difficulty
with the fifth-grade social studies curriculum. To ensure more
depth of understanding, particularly as it relates to histori-
cal developments and social studies concepts, teachers may
need Lo adopt an approach that is comprehensive and cumu-
lative in nature. This does not imply a watered-down
appreach, but stresses the need for the learner to be given
an opportunity to acquire new knowledge in a meaningful
and relevant fashion, rather than in a piecemcal approach.

Alany of the significant events and historical develop-
ments covered in social studics lessons can be related to
fundamental concept= that may appiv to a varicty of situa-
tions= and 2ettings. Before beginning a unit on the American
Civil War, for example, the teacher should discuss the idea
that differences can eventually lead to conflict. Students may
well understand this concept from their own personal expe-
riences. This understanding can be oxtended intu an
exploration of their awareness of social, politieal, and eco-
nonic differences among groups of people and nationadities.
The teacher can then focus on spectfic facts related to differ-
cences between the North and South in the antebellum period.
which cventually led to the Civil Warr A hasic concept can
thus become the starting point for a <ocial studies unit. An
appreciation of such fundamental concepts and their role
througzhonut history is an essentiad eomponent of social stud-
s instruction. Students who memaorize facts and figures, but
fail to comprcehend the important concepts=, will not really
master the content of social studies. In addition, by relating
the current unit of =tudy to the student=’ own background
knowledee, the teachoer promotes understanding and stiumu-
lates enthusia=m for the topic. ESIL students, for example,
miay not bhe keenly interested in the Confederacey in the 1860s,
but they will probably he anxious to discuss theinr oswn per-
<onal problems with being different. The teachoer capitalizes
on these experiences by tving them into the social studices
concept and the events leading up to the Civil War

[t is important to understand that the content-basced K51
curvicula are not asuabstitute for the mainstream caericula,
but are o prepavation for them. The language of the maodi-
fied curricula may be <implified, but not at the exclusion of
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higher level thinking skills. Curriculum developers should
examine the requirements of the mainstream curricula and
determine which objectives are essential for academic suc-
cess, ESL and social studies teachers can plan staff
development activities that enable them to share strategies
and resources in order to implement the carricula in the most
effective and efficient way possible, Quite often, curriculum
writers of ESL/social studies programs develop model lesson
plans to illustrate how teachers can relate content-area in-
formation whil»> reinforeing language and communication
skill=. No matter how much advance planning is done, how-
cver. it i= during the actual implemoentation process that a
areat deal 1s discovered about integmrating ESL and social
studics instraction. Teachers’ real experiences help them to
understand and assimilate successful instructional practices.

{Hher school syvstems with large coneentrations af lan-
guage minority students have elected not to weparate these
learners from native speakers in the content-area classes,
Instead. mainstream teachers have been trained in ESL
methods and provided with adapted curvicular materials for
the sccond language students. In Foirfax County 1 VAY the
ciose collaboration hetween ESL teachers and =ocial studies
teachoers has ereated an effective instructional setting for LLEP?
students. In such situations, however, it is imperative that
cducators from the two diseiplines work ¢losely together to
provide o balanced. methodologically sound ~ocial studies
program for these special-necds students,

Choosing a Program

Cienerally speaking, the specific type of KRS social stud-
ie= program that is adopted by any =chool distriet depends
on several varmables: the 2ize of the LEP population, the dis-
tribution of the LI «tudents throughout the district, the
cducational backgrouwnds of these =tudent=, the human roe-
=ources aviadlable, the specific expertise of stalf mombers,
mandatoed regquirements of the schoot sv<tem. and the amaoant
of financial support available, Because no twao school disteicts’
needs and resowrees are adentic: oo o variety of =olutions o
the proabloms of ESL learmers o social studies cliasses has
ari=en, Indecd, it is extromely important that any =yvs=tem
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agsess its own needs before implementing a new program,
whether it is an entirely novel idea or one that is patterned
after other model programs already in operation.

School systems with large and growing numbers of lan-
guage minority students may opt for some type of content-
based ESL instruction that places the ESL learners in special
or “sheltered™ social studies courses. Locally designed cur-
ricula may provide the instructional fromework for such
classes. The currieula arve based on the mainstream curricu-
lum with grade-level objectives and specific exit eriteria. Text-
bonoks with a lower reading level are used so that the LLEP
student can comprehend reading material but still henefit
from the necessary application of <study =kills in such con-
tent-area texts, When the proticiencey level of the second lan-
guage learners precludes the use of surh texts, adapted
materials are used. Development of simplitied instructional
materials requires considerable time and creative calent, bat
without adequate teaching materials, the suceess of the ESLY
social studies classex mayv be undernnined. Experienced teach-
crs have also diseovered that lower grade-level supplements
to sovial studies programs are often appropriate.

School systems with smaller LEP student populations
may chooxe to keep these learners in the mainstream, pro-
viding them with additional support as necded. Specially
trained social studies teachers can be highly effective, and
the influence of native-English-speaking peers on language
acquisition cannot he anderstated. In these situations, com-
munity volunteers tperhaps bilingual) and peer tutors may
he o possibility well worth exploring. These paranrofession-
als and =student teachers can provide valuable individualived
as=sistance to the language minority <students,

Model Programs

School districts with o heavy influx of =econd languagce
learners have begun to look toward content-based ESL in-
struction as= a viable and preferable approach for cducating
LEP students. Several different program designs have been
developed and implemented. In the Arlington (VA) Public
Schools, a tremendous influx of language minority students
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in the 1970s led to unique problems. Not only did these stu-
dents require extra help in learning to speak, read, and write
in English, but they also needed additional support in order
to function in content-area classes. The fact that many of
these newcomers were deficient in previous schooling expe-
riecnce compounded the diffienltie=s they encountered in
American classrooms,

The High Intensity Language Training (HILT)Y program
was developed in Arlington to serve the language minority
students in Grades 1 through 12, At both the elemoentary and
secondary levels, the HILT program provides instruction in
mathematics, science, and social studies as well as language
and communication. The purpose of the content-area classes
is to expand students” knowledge of vocabulary and concepts
while strengthoening the stedy skills and eritieal thinking
=kills necessary for success in content classes in the main-
stream. By preparing students with the academic prerequi-
sites and by exposing them to key coneonts and terminology,
the HILT program helps sccond language learners feel more
comfortable in mainstream claxses and bousts their chances
to excel in subjects such as ULS, history and governmeoent.

The HILT program in El Paso ('T'X) follows a similar ap-
proach in preparing LEP students for the mainstream. In
this program. students are first enrvolled in special English
classes that teach content-area vacabulary and concepts. The
second phase is sheltered content-area courses, which are
grade-appropriate but designed for second language learn-
ers. Finally, the students are placed into mainstreant classes
with their English-speaking noeers.

In the state of California, sheltered English and content-
arca courses are being implemoented in many school districts,
Sheltered English is a teaching method in which core ecur-
riculum (mathematics, veading, social studies, oter =
presented to LEP students using special techniques to en-
sure that the content is understood, Instructors may modify
lessons threaking down content information, simplify lan-
pguage, make u=e of a variety of visual aids, encourage student
invaolvement, and make frequent checks for comprehension.
Beginning LED? student = receive ESL instruction as well as
sheltered mathematies and science. The San Diego City
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Schools English for LEP Students (ELEPS) program includex
a comprehensive outline of topics that develop basic skills
as well as the content areas. Instructional materials for shel-
tered social studies classes have been locally designed, and
sample units are available upon request. Educators have ex-
pressed widespread satisfaction with the sheltered English
nrogram in terms of gains in student knowledge of subject
matter and overall progress in second language acquisition,

Program Evaluation

Evaiuation of the effectivencss of £S1 programs and of
LEY students’ progress i= eritical to continued improvement
and succexs, but the method and instruments used for evalu-
ation require careful serutiny. By virtue of the fact that their
English iz hmited, LEP students do not perform as well as
mainstream students on standardized te=ts such as the SRA
1Science Research Associates) and the California Achievement
Tests. Furthermore, ditferences and deficiencies in educa-
tional backgrounds and experiences contribute to the
difficulties LEP students have swith =tandardized tests, On
the other hand., standardized test result= can provide help-
ful evaluative and comparative information regoording LEP
students’ progress.

Content-based ESL programs mu=t provide tor some as=-
<essment of student mastery of =pecilic program and
curricular objectivos, This as<essment must recur and be con-
sistent from vear to yvear. Such evaluative information and
feedback is absolutely necessary for appropriate curvicular
and progriunmatic deci<ions. Evaluation is the foundation for
future planning., ongorng improvement, and modifications,

Unfortunateldy, fosw testing instruments aore avaalable that
nright he used to evaluate LEP students” social studies know!-
cdge. Mo=t school distreict= usce locally developed tests to
monitor students’ progress, but few, if any, attempts have
been made to colleet substantive data for <tatistical purposes.
[t ix hoped that further vescarch and collaboration among
cducators will result 10 some <tandarvdized evaluation instru-
ment= for this purpos=c.
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Staff Development and Teacher Training

Regardless of decisions made for curriculum development
and program implemnentation, the key to successful learning
on the student’s part is the teacher. It is absolutely essential
that teachers of ESL/social studies classes have knowledge
of second language acquisition and ESL methodology. These
teachers alzo need to become familiar with the cultural back-
grounds of their students and to develop sensitivity in
working with culturally different learnervs in the school =et-
ting. These teachers will need to increase their awarceness of

‘arious learning stvles and their influence on language ac-
guisition. Teachers of KSL/xocial studies classes need
opportunities to share ideas and cexperiences with other
teiachers, as well as suffivient time to explore new instruc-
tional strategies, materials, and resources. Staff developmoent
ix a necessary component for any school with an LEP popu-
lation. particularly if curriculary or program innovations are
being instituted to serve this LEP population.

One way to meet these curricula and =t if needs s
through the formation of “technieal teams.” The purpose of
a technical team is to develop curricula and materinls for an
ESLoprogram and provide =taff development in response to
program nceeds identified by teachers, Each need is defined,
the taxks neeessary to meet the need are outlined, and the
necded product is produced on an ongoing basi= by the tech-
nical team. While the curricula and materials are being
developed. staft development = provided through team in.
teraction, demonstration. and training provided by staff
mombers and consultants. Aluch of the planming for carricu-
[um revision i= done during the =chool voanr, while the actual
writing of curriculum guides and teaching materials is com-
pleted daring the summer months.

In Arvlington (VA for example, a group of teachers work-
ing with beginning <peakers of IKnglish at the csccondary Jevel
identifiecd o need for =ocinl studies materials wimtten an a
primer first gradoe level, This groap met for a brainstorming
=~v==ion on what neceded to be developed and how, By the end
ol this ses=10n, a teehnical team had been formed and was
ready to begin work, It was decided that a =social <studices
reader with an acenmpanying consumahble workhbook would
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be developed. The team also decided that it would survey K-
4 social studies texts written for native speakers in order to
decide what concepts and vocabulary needed to be included.
When this task was completed, the team began Lo write units.
A teacher with artistic talents was invited to join the team
=0 that the materials would be illustrated. The materials were
completed during a summer curriculum project and piloted
during the following school year. The team surveyed the
teachers who had used the pilot materials and made appro-
priate revisions on the basis of the teachers’ comments. Little
was changed in the way of content or illustration, but it was
decided to make the workbook a two-part series. A detailed
teacher’s guide was also developed., Five years later, these
social studies materials are =till in use, and teacher satis-
faction with them is high.

Effective Teaching Strategies

The experiences of Arlington’s ESl/social studies teach-
crs since the inception of the HILT program have contributed
to an increased awareness of what works in these content-
area classes, Specific teachi. g strategies have proven to be
highly cffective in reaching LEP students, Some of these
strategies ore discussed in the following section, with prac-
tical sugrestions for incorporating these strategies into social
studies lessons included in the discussion, These strategies
were not devised strictly as ESL nuiethods. They are intended
to show how teachers can adapt some conventional instruc-
tional activities to take language advantage of social studies
lessans, The strategies illustrate how teachers can readily
use =ocinl =tudies content to enhance language development
and. converselyv, how teachers can use language classes ax a
means of expanding social studies knowledge. Tt is evident
that content-area subject matter provides a rich body of
knowlodge through which creative instractional activities
My CMerge.

Use of Manipulatives and Multimedia Materials

ESL programs that include a soecial stadies eomponent
must create a learming environment rich in multimedia
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materials and manipulatives. Many of the concepts presented
in social studies lessons are abstract ideas that imay be par-
ticularly difficult for nonnative students. Pictures provide stu-
dents with visual experiences that transcend language
barriers, For example. desceribing a scene from an old western
mining town in the 1850= is =imply not the same as showing a
photograph or picturce of the scene. When langnuage proficiency
is a problem, verbal or written desceriptions are inadequate
and need to be supplemented with pictorial representations.
The visual image makes an immediate impression on the
viewer and does not rely solely on an oral or written explima-
tion that may elude LEP students, Without such visual expe-
riences, teachers cannot know whether they have reached all
students with important idea= and information.

Real ohjects or historical artifaets that reinforce socvial
studics concepts provide students with tactile as well as vi-
sual experiences, Conercte objects bring ideas to life and
make learning exeiting and fun. By including kinesthetic ac-
tivitiex in content-area lessons, the teacher mav reach
students who are at the lowest level of English proficiency
and those who are predominantly experiential learners, A
discussion of the common tools and houschold objects of the
carly 18th century. for example, does not have the same im-
et as a display and demonstration of these object= and how
they were used. Such a display and demon=tration is 2 memo-
rable experience that students ean relate to new vocabulary
and concept=.

A wide variety of media materials for social studies is
available in most public =chool librarvies, Large study prints
and picture =sets keved to speeific themes are usetul for re-
lating information and stimulating thinking in the classroom.
Filmstrips iore easily adapted for use with LEP students be.-
causc the teacher can tieke ads antagre of the visual experience
while altering the actual text to accommodate for different
levels of English proficienes, Numerous 76mm films for so-
cinl =tudies are alzo available but miust be chosen with carve
hoecause the fanguage is often beyvond what LEP students ean
comprehend. ldeas presented in Alns depicting historieal
events or processcs may make reading and writings assign-
ment= as=ociated with these ideas less difficult to process
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{Sinatra & Stahl-Gemake, 1983). In addition, periodicals such
as National Geographic sc.ove as excellent supplementary
resources for social studies lessons. Vivid photographs and
current themes make such resources a perfect complement
to other instructional materials.

Language Experiences

Shared experiences initiate the desire for communication.
In the ESL classroom. the teacher can use concrete experi-
cnees as stimuli for language development. In the traditional
language experience approach, the teacher encourages spon-
taneous languaze from students that eventually becomes the
foundation for a written story (Lee & Allen, 19631 Because
LEDP students may have extremely limited abilities in spon-
tancous oral English. the teacher may want to adapt this
approach. In an adapted language experienee lesson, the
teacher becomes a participant in an activity with the stu-
dents, In advance, she targets specifie vocabulary, structures.
and concepts to incorporate into the lesson. and during the
active experience she elicits this language from students,
Throughout the experienee both spontancous and guided lan-
puage are evident., and literacy =skills are encouraged with
the uxe of flasheards and sentence strips for language pro-
duced. A story created by the class with the teacher’s help is
a natural follow-up.

Social studies lescons lend themselves well to this ap-
proach. In a unit on demoeratic government. for example. the
teacher may want to stage an cleetion of ¢lass officers to il-
lustrate voting procedures and the concept of representative
democraey, During and after the election, the class can dis-
cuss the process and the teacher ¢oan help them put their
iddeas into writing. The experience itself makes an impact on
the students, helps clarify meaning, and assist= in long-term
memory, Research on the kinesthetic memory system indi-
cirtes that when the body i actively involved in the learning
process, ideas and concepts are integrated rapidly. Learning
hy 1o i< highly effective tWayman, 19850,

'he following hyvpothetical example ix included to ilihas-
trate how an ESL/social studies teacher can
experiences to clarify the meaning of new concepts,
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In an intermediate-level ESL =ocial studies class study-
ing the role of the Constitutional Convention in writing the
U S, Constitution, the concept of reaching compromises to
make decisions may be an entirely new idea. The social stud-
105 teacher needs to determine whether the students can
either recall aspeets from their own experiences that might
he similar, such as the various lawmaking bodies of their
countries. If the students do not clearly understand this topic,
then the teacher must ¢create an experience that the students
can draw from later. For example, the students could rule-
plav varicus scenes from colonial times, when power was
concentrated in the hands of a few. They could represent dit-
ferent interest groups. cach arguing to have certiain laws
passed. With the teacher as facilitator, the students will come
to understand that they must commpromise or give up certain
wants it any progress is to be achiceved. Oncee the students
have understood the concept of compromisce, the teacher can
proceed with the lesson on the Constitution and how its fnws
were created.

Managing Multilevel Classes

Most ESL and classroom teachers have experienced the
difficulty of working with multilevel classes. The range of
abilities can bhe as great as four or five reading grade levels,
Teachers feel that many subjects must he taught in smatl
giroups in order to meet individual needs. However, the wide
range of KEnglish proficiencey levels does not completely pre-
clude total-group instruction. Because many social studies
leszons= may be in the form of directed teaching and discus-
wiot, they provide excellent opportunities for involving the
whole clas=. Students at lower proficiency levels benefit from
the exposure to the language prrovided by the more advanced
students during oral language activities and discussions, Stu-
dent= at advanced levels benefit from the imercased amount
of reinforcement of vocabulary and concept= that is provided
for beginning-level students.

Creative drama, role-playving, hands-on experiences, ficld
trip=. and mu=i¢c and art projects are =ome of the many ace-
tivities that can be implemen .ed in the maltilevel ESL/socal
studics classroom. These activities challonge and enrvich all
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students, regardless of language proficiency in English. Be-
cause of differing language and abhility levels, students may
not come away from a lesson or activity with exactly the same
gainsg in knowledge. but they all will have benefited from the
experiences.

Directed Reading Thinking Activity

The Directed Reading Thinking Activity (DRTA) is a
highly effective strategy that can be applied in =ccial stud-
ies lessons for LEP students, The three main steps of a DRTA
are to predict, ta read. and to prove. These steps motivatie
students to apply higher level thinking «kiils. By brainstorm-
ing with the class before reading about a specific topie, the
teachor finds out how much the students already know about
that topic. This strategy is especially useful with ESL classes
because of the variety and range to be found in their back-
ground knowledge and experiences. By encouraging students
to predict what might be in the reading. the teacher asks
students to call on prioer knowledge that might be useful in
this assignment. Students are immediately involved in the
topic through oral discus==ion and are anxious to muke ap-
propriate gucesses about what will be in the reading. As they
read, students mayv have to revise their predictions, and thoy
arc challenged to make corrections in their own assamplions.
weighing and evaluating what they know with what thoey
read. In so doing. old information is assimilated into new in-
formation, and cognitive growth ocenrs. The teacher guides
students through this activity and follows up on the reading
with questions to check comprehension of subject matrer. By
this means, the teacher can find out how much the students
actually understood and how well they can respond to probes
al the subjoet matter

The DRTA might be used for a lesson on imnmngration to
the United States in the carly 20th century. Before assign-
ing a reading, the teacher may discuss ESL students’ oswn
experiences with immigration. The class might then discuss
all the photographs= or pictures presented with the reading.
They <hould compare and contrast their personal experiences
with what 1s depicted. Then they might read through the
piassarre in a step-by-step manner with the teacher, stopping
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at appropriate places to make predictions about what might
follow. Finally. the teacher will help the stnidents to discover
hew accurate their prediction< were and to summarize what
they have read.

Semantic Webbing

Outlining and note-taking arce advanced study skills that
require students to summarize important ideas in specifice
formats, LEP students often have trouble developing outlines
and taking notes because thev must comprehend the entire
message tgiven orally or in writing) hefore they can extracet
the main ideas and important details and arrange them in
an appropriate form. Semantie webbing ix an extremely help-
ful way to teach students how Lo perceive relationships and
integrate information and concepts within the context of a
main idea or topic (Freedman & Reyvnolds, 1980, The graphic
representation afforded students by semantic webhing
bridges the gap betwoeen conerete images and more abstract
ideas. The core of o web is a key question or term that es-
tablishes the purpose of the reading or topice for discussion.
Followiag an oval dizcus=<ion or a reading, students construct
web strands and web supports by putting key words or
phrases in boy < or in some other visual arrangement. The
haxes can thes be connected to illastrate relationships or
subheadings under the main idears), Such a visual =cheme
highlights important ideas and categories, greatly wding
overall comprehension.

An example of semuantic webhing Tollaw s

REVOLUTION
Stamp Tax aquartening Bnush soldiers Boston Massacro

taxation without
representation ———— ———— Boston Tea Party ————— Sons of Liberty

Imthis dingram, stiudents list events and key words abouat
thoe Revolution ina web formet, This web can he extended to
inchude new information and additional detail=, Students can
order events chronologically to show sequence or draw dia-
grames=to show cause-and-effect relationships. The web cerves
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as a graphic model that stimulates students to expand on their
own ideas in formulating coneepts. For learners who have dif-
ficulty perceiving relationships between main ideas and de-
tails, the spatial arrangement helps erystallize the concepts.

SQ4R

The SQIR method (Robimson, 19620 i an effective means
for teaching students how to outline new information pre-
scnted in a specifie chapter in a social studies text. It is highly
recommended that students develop skills in using this
method carvly in the vear. because it oncouragres them to or-
ganize and summarize new information syvstematically and
independentiy. Its vaiue for LEP students is that it teaches
them a specifiec and routine method for hreaking down diffi-
cult reading material. The steps for SQ4R are the survey.
questions, and reading, reciting, recording, and reviewing,

Survev, Students skim the chapter tor an overview of top-
ies and maderial. They read subtopices, leok at visuals and
graphs, and read highlighted vocabulary.

Questions. Students fold notebook paper in half (verti-
callyi. On the left side, they list any questions that come to
mind about the first subbheading in the chapter, therehy es-
tabli=hing a purposc for reading. For example:

Ve f oy TR aTEET
}"..",i'f, 'r-fp',i.. e P ',\'5';‘ -'-;':' P
Vi Tt e arrry - Pl

fecding. Student= read the text under this subheanding
to learn about the new 1topie and to answer the questions
thoesy hadd,

Receting, Students tey to amswer as mans of theinr own
questions s pe=sible from infuormation goaned from the read-
g, These responses should be oral in order to reinforce the
new information,

Roecording, Student= write down answers o their ques-
tion=, making the transfer from oral to wreitten language,
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Revicwing., Students immediately review what they have
written. Then they are ready to move on to the next subhcead-
ing and repeat the SQ4R process,

By continuing through the chapter with thisanethod. the
students will have ereated their own study sheet containing
pertinent information about the chapter. The folded question
sheots they have developed can be used by the teacher to test
students on new material, providing a means of evaluative
feedback.

SR motivates students to deal with new information
independently and efficiently while strengthening their note-
luking skills. For LEP students in mainstream classes, this
i= one approach to ditficult social studices texts that present
heavy loads of new concepts and vocabularw

Paraphrasing and Summarizing

L.imited English proficiencey will undoubtedly hamper =tu-
dents when they take notes in class, answer essav gquestions,
and write reports. Morcover, reproducing lessons learned by
rote or materiial produced by copying imethods many students
used in their native schools) 1= unaccoptable in most Ameri-
can classrooms, Thervefore, paraphrasing and summarizing
are essential skills for LE? student=. Too often, teachers as-
~ume students will develop these skills independently, when,
tn foct, these =Kills mu=st be taught and reinforced through
repeated practicc.

One activity that show < students how ideas can be re-
stated is colled “Who satd thi=?7 After teaching aoanit on the
ciuses of the Amertcan Revolution, the teacher gives student s
a list of =tatements and asks them toadentify the speaker of
cach one as either King Goeorvge or Thomas Jefferson, Sample
=centences could be, [ refuse to pay taxes if D can't clect my
e feader ov Iinsist that the colinists pav a higher tax on
fece. After students have labeled the statements hy speaker,
they can List the reasons for their answers, Student= should
be told that thoey are actually paraphrasing what they have
recid. Axoa follow-up activity, students can write three sen-
tences that summarize the causes ot the Ameoerican
RHevolution. 1K) students at o more advanced level could be
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asked to write a chapter summary by first skimming each
paragraph for the main idea and jotting it down. They might
then restate the idea in their own words and use these re-
~tatements for a chapter summary.

Writing in the Content Areas

Social studies lends itzelf well to the development of wiit-
ing <kills. Recognizing that there are different levels of re-
pons=ein writing. teachers can incorporate various expository
writing activities into =ocial studies lessons, By following the
writing proce=s of hrainstorming for ideas, organizing,
prewriting, proofreading. and rewriting, teachers help =stu-
dents learn how to express themselves on paper. The rich-
ness of socinl studies vocabulary and concepts provides agreat
deal of content for generative writing. In applyving this vo-
cabulary in writing exercises. students= also reccive reinforee-
ment of grammar and reading skill=, Controversial topies that
may arize in <ocial studies discus=ions often stimulate the
expression of ideas and poersonal opanions and can challenge
tudents to write more effectively and persaasively,

Study Skills

Social studies clasxes afford excellent opportunities for
developing student=" study skiil=, Following directions, read-
g maps and chart=, outlimng, note-taking, using textbooks.
preparing oral and written report =, interpreting cartoons=, and
us=ing lihrary references arve iimong the <kills that can be re-
inforced in content area les=<ons. While lecarning new =subjoeet
tattor, students can apply specihie study =kills for specific
purpos=es<. In o doitng, they are not only learning new mate-
mal. but they are alzo strengthening skills that are ex<ential
for academie succes==. Sovial studies content provides a4 mean-
ingful context fur the application of <uch <tudy skitl=
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Model Lessons

This section outlines model lessons for elementary and
secondary fevels. These model lessons are meant to illustrate
how a variety of teaching strategies can be combined to cre-
ate unique experiences that stimulate students’ interest and
promote the learning process. Teachers are encouraged to
experiment with ideas and approaches as they develop their
own lessons around social studies themes, for there is no one
=ingle hest way to teach content-area subjects to fanguage-
minority student=, The most sucecessful lessons are the ones
that incorporate a variety of strategies and activities into
carefully planned learning experiences,

Model Lesson—Elementary

Objective -

To provide students with an understanding of the origin and traditions of
the American Thanksgiving holiday, ard to help students develop an ap-
preciatior tor this holiday as pant of American culture.

Grade level
Primary (could also be adapted for upper elementary classes)

Materials

Simple illustrated book on the First Thanksgiving

Pictures of Indians. Pilgrims, Thanksgiving foods. the feast
Construction paper, crayons, sCiSsors. paper bags
Patterns for puppets of ingians and Pilgrms

Samples of Thanksgiving foods

Target vocabulary

Filgrims turkey thankful
Indians feast together
Thanksgiving harvest celebration

Vocabulary need not be Iimited to these words during discussions of this
12550n, but the teacher will want 0 make sure that the target vocabulary
Is cleariy idlustrated or exglaned, because these words are crucial 1o the
overall understanding of the lessons.

Procedure

Motivation: The teacher beqins with a discussion of celebrations.
elicting responses from students about celebrations they have experi-
enced in their native countries or in the United Slates. The teacher asks
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students abocut the meaning of these celebrations and how they might
have changed over time. Teacher asks students what they know about
an American Thanksgiving. Words and ideas are writlen on the board.

Throughout this discussion, the teacher will want to dispiay appropri-
ate pictures and write important vacabulary on the board. The teacher
wili encourage all students to participate. sharing their enthusiasm for fa-
miliar holidays and celebrations. Cral language and aural comprehension
are promoted through a lively discussion.

Information: The teacher reads a simple story about the First Thanks-
giving. drawing attention to illustrations that help clarify meanings and
the concepts being taught. Students are invited to discuss the story and
ask questions about words or concepts they do net fully understand. The
teacher may condurct some orai drills 10 reinforce vocabulary or syntax.
The teacher will want to find out if this story relates to any of the stu-
dents’ own first-hand experiences. For example, have thay ever atiended
a dinner that honored some other group of people? Have they ever had
a dinner to express thanks or appreciation for scmething or someone”?

The teacher may want to show a filmstrip depicting the First Thanks-
giving. These pictures will further students’ awareness of what conditions
were like during this time and motivate them to ask questions, Students
can be asked to write down ideas and new words as they view the tilm-
strip. At the end, they may summarize what they have seen. both orally
and in writing.

Practice: The teacher provides materials tor students to make pa-
per-bag puppets of Indians and Pilgrims. Students are encouraged to talk
as they work on their puppets. YWhen puppets are completed. students
role-play partis as Indians and Pilgrims. reenacting the First Thanksgiv-
ing. The teacher may want to provide sample dialogues if students have
trouble getting started on this activity. Students can be paired up to give
them maximum opportunities for dialogue.

The teacher then shows students some samples of typical Thanks-
giving foods such as cranberry sauce, corn bread. pumpkin pie. and so
on. The teacher talks about how these foods are made and where they
come from, Students explore the foods by smelling. tasting. and touch-
ing (for sense of texture) them. The teacher elicits descriptive adjectives
in the discussion of these foods. and students tell whether or not they
like the foods. All such activity generates language and stimulates vo-
cabulary development,

Enrichment and extension: The teacher may want to set up 4 lan-
guage experience aclivity in which students make some of the
Thanksgiving foods {pumpkin pie, for example). Throughout the activity,
the teacher prompts students to practice vocabulary and sentence pat-
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lerns, using flashcards and sentence strips as needed visual reinforce-
ment. Students learn a specilic sequence of steps for making the food(s)
and are then able to give simpie directions for the procedure(s).

The teacher may want to try having an in-class Thanksgiving dinner.
Students participate in preparing foods and setting the table. Students
also share ideas about being thankful. perhaps writing down some of their
ideas to exchange with ctassmates. Following the mini-celebratior, stu-
dents can write simple descriptions of the preparation and actual dinner.

Integration with Other Subject Areas

Mathematics—Students learn the song “Ten Little Indians” and do simpie
word problems with Thanksgiving vocabuiary.

Science——Teacher reviews the four food groups. and students learn which
Thanksgiving foods fit into each category.

Reading/wriing—Students make "pictionarnes” of Thanksgiving words. us-
ing alphabetization and spelling skills.

Art and drama—Students make simple costumes and stage a simple pro-
duction of the First Thanksgiving.

Modei Lesson—Secondary

Cbjective

To provige students with an understanding of why Spain decided to ex-
plore the New World, and to learn about the explorations of Columbus,
Magellan. Balboa. and other Spanish expiorers.

Grade level
Secondary ESL/sucial studies class

Materials
Large wali map. flashcards. yarn

Target vocabutary

voyage colony navigation
empire explore claim
Procedure

Moativation: Using a large wall map. the teacher and students re-
view trade routes used by Iltalian states and other European countnes in
the 1400s for trading with India and China. Students brainstorm as to
why Spain would want to find an alternate route. Teacher should accept
all responses. such as: Spain wants to gel nch. Spam wants to be fa-
mous. Spain wan!ts to be powerful. (In this case. the teacher may want to
ask the students to turn the statements into the past tense.} Students wili
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practice and develop linguistic skills by agreeing or disagreeing with the
reasons given. This activity may be done in small groups to maximize
individual students’ oral participation.

This part of the lesson is essentialbecause it stimulates students to
become involved in the new ideas. It also allows the teacher to find out
how much background infarmation th2 students have related {o this topic.

Iinformation: The teacher uses the students’ predictions and ideas
from the motivation section as a basis for presenting new infoarmation about
Spanish expioration. The teacher may want to present each new explorer
with flashcards that give explorer's name, dates of discoveries. and the
area explored. Students will need to referto a wall map to trace the paths
of exploration and may find it helpful to use diferent colored yarn pieces
to show where explorers traveled. Students can tell whe explored. where
they went, when they went, and why they explored.

Alter the new material is presented orally and visually, the teacher
has student!s skim the headings and subheadings of a reading. such as a
chapter in a textbook that covers this unit. This is the survey part of the
SQ4R Method. This technique may be used so that students can create
a study sheet related to the new information. After the students have com-
pleted this sheet. the teacher shoutd review each subheading in the
reading to check for basic comprehension. Studenis may be asked to
state the main idea of the reading and to locate specitic sentences that
support their answers. New vocabulary peraining to the exploration unit
iIs emphasized throughout the lesson., and students are encouraged to
use context clues whenever possible to understand anything unfamiliar.

The teacher may want to show a fitlmstrip or movie about the Span-
ish explorers to reintorce new concepts.

Practice: The students now need to review new vocabulary and con-
cepts thal they have learned in the chapter This is an appropriate time
for sume type of evaluation: Both short answers and essay guestions
would show an understanding of the new matenal For example, students
can write a paragraph describing Columbus’'s voyages. construct a chart
listing dates. explorers. and routes the explorers used. or describe why
Spain decided to explore westward.

Enrichment and extensicn: Students need tn have a chance to
choose an activity that will enable them 1o ennich their understanding of
Spanish explorers. They are bulding on new information they have
recently learned. and they now need to apply it to a pew situation
Some possible activities to foster this extension of their learning include
the following:
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= Students conduct research in the library on a Spanish explorer to find
out the route traveled. problems encountered, discoveries. and so on.
This information can be filled in on a chart or completed on a poster.

+ Students rale-play Spanish expiorers in a panel discussion. The teacher
acts as moderator and poses leading questions such as Tell us, Mr. Co-
lumbus. what problems did you encounter on your voyages? All students
will benefit from participating and listening to the responses.

* Students can pretend they are explorers who want to find new land.
They must describe where they want to sail. how they would raise tunds.

what they hope to find. and so on. This can be a writing activity or an oral
discussion.

Conclusion

In summary, it is clear thid using social studies content
as a medium for =second language instruction may greatly
cnhance and aceclerate LEP students’ language acquisition,
as well as assist in the acculturation process. School districts
with established and/or growing numbers of LEP students
arce encouraged to consider instituting classes that integrate
the teaching of language and communication skills with sub-
Jeet matter content.

Instructional Resources

Recommended instructional matemals for ESL/cocial =iud-
1es elasses Tollow,

Publisher Type of Resource

Linmore Publishing Company Textbook tor LEP students -

P.O. Box 1545 Content Area ESL Sociat Stuaies
Palatine, IL 60078 by Dennis Terdy

Roger Olsen and Lynn Reor frepubhcation manuscrnpt of
1282 29th Ave srrigs of begmning-level socidl
San Francisco. CA 94122 studies lessons that promote

language development-—
History Helpers

Creative Associales Staff development matenals and
ESL/Bilingual Education Project technical asssstance

1901 N. Moare St.. Suite 820

Arlington. VA 22209
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Sieck vaugh Company
P.C. Box 2028
Austin. TX 78768

Frank Schafler

26616 Indian Peak Rd.

Dept. 456

Rancho Pales Verdes. CA 92074

O'Malley & Chamot
Fairfax County ESL
Content-Area Program
3705 Crest Drive
Annandale. VA 22003

Addison-Wesley
Reading. MA 01867

Arlington County Public Schoo!s
ESOL Program

1426 N, Quincy St.

Arlinglon. VA 22207

San Diego City Schoels

Second Language Office
4100 Narmal St.

San Diego. CA 92163

ESL Through Caontent-Are. Instruction

Social studies malterials written at a
lower reading level with language
arts activities to supplement them

Spirit masters and supplementary
study skills workbooks

Curriculum guide—-"U.S. and
Virginia Governmant for ESL
Students”

Language Devefopment Through
Content

Curriculum guides and adapted
social studies maternials

Sample units from sheltered-
English courses
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