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ABSTRACT
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PROCESS SKILLS: AN EXPERIMENT IN
SCIENCE INSTRUCTION USING THE
ENGLISH AND SPANISH LANGUAGE
WITH FIFTH GRADE CHILDREN IN
BILINGUAL SCHOOLS
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By John R. Juarez

3 \
Chairman of Supervisory Committee: Professor Roger G. Olstad

College of Education
_‘ Thé‘purﬂose of'thig study was to determine if single

ﬁangﬁage instruction was any more efficacious than bilingual
instruction in a science gontext.” A main concern of the.study was
to investigate the transfer. of learning science contept and process
skills from one 1aﬁguége to another. Additibna11y, information was
sought on the studeqts' reaction fo bilinguad scienceiihﬁtructgon.

| The study iﬁvo1ved 104 fifth grade-children froﬁ four .
different schools in New Mexico that had had bilingual education
for at 1eﬁst foUr years prior to the study. The students were,
rgndom1y‘%§signed to one of four treatment groups at‘éach of the
four schools. The four treatment groups were instructed in
subordinate and sﬁ;;?ordinafe units of science.

Prior to ‘instruction all teachers were trained in the use

and presengftion of selected science units.

4




Thfee'dependent measures were administered to the students.

-~

The first dependent measure sampled the student performance in
init{;] science instruction. This measure wesfadministered ]
imhediate]y after stience instruction in the‘§nbordinate science
activities, and each.ehi]d took the individual cempetency measure.
The student was required\to ecore correctly on at least'éo pércent '
of‘the measure to meet criterion. The secoﬁd dependent measure. ’
sampled the s;udent performance on the final set of science
activities. This ﬁeaeure was also administered individually. The
third dependent measure was administered to a]i studeéts to
measure student languagé Ereference and attitude toward science
instruction.
. Alpha was set at .05 to test the foi]ewing hypotheses:
°]; Bilingual children instructed in Spanish~wi]] learn -
sciemce content and process ERflls as well as bilingual
ghifdren”instructed in English, but neieher group will
learn the content and process skills as well as‘students
. ¢ instructed bi]ingua]]} in Spanish énd'gng]ish when scteénce
activities are presented in a subordinate and super-
ordinaee order. d
2. Bilingual ehi{dren receiving science instruction will
demonstrate a preference ‘for instruction in twb’]anguéges
. (Spanish and English) rather than insteuction iﬂ a s%ng]e )

language. ‘ ' v ,

.

The major finding of the study was thaf there was no <

significant. difference between treatment groups rece1v1ng 1nstruc-

-

| t{on bl]lngua]]y and those having single ]anguage 1nstruction Ihe .

-~

*
'
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-

students receﬁwiﬁg tota]uinstruction.in English did no better on
the dependent measdres than thosé §tudents~rece1vjng total.

‘ instrugtion in Spanish, and students recéiving instruction in both
Spgnish and English performed just as well as those instructed in
a single language. ‘The students showed a statistical preference

I/

for a bi]inguéﬁ environment as oﬁposed to a-mfonolingual envirog-

ment. This was significant at the ..05 level.

A\ Y
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Chapter 1
INTRODUCTION

The topic of bi]{nguajism has Been studied extensively;
‘howeVer, bilingual education'ﬁe the United States has been a
:puzzling but 1ittle stueied tepic in the eesearéh arena.
Bilingualism and biltingual education are‘ndt the exclusive domafdl

. >
.of‘the psychologist, sociolinguist, or psycholinguist, but are

also topics that have caused increasing concern for educators.

Educators, today and in the future, have the task of
educating a heterogeneous population that in many instances have
limited English ;peaking ability or speak a'ﬂanguage other than
&nglish. It has been estimated that there ate over five million
schoo] children in the Un1ted States who have Eng]1sh as a ﬁecond
1anguage (USOE, 1975). An examtnat1on‘of United States educa-
-tional history indicetes that, at one time or another, the schools
have felt the inadequacies of trying to promote que]ity’educatidn
within a populace that is ethnically, racially, or culturally
different (Andersson and Boyer, 19707. 1In overview, witﬁ regard
to bilingual education in various states, it seems that the

prob]ems of bilingual students have not been clearly articulated

and have been treated more as 1so]ated 1nc1dents to the larger

‘problems of education for the dominant group.

s J
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POLICY DEVELOPMENT IN BILINGUAL EPUCATION

, On January 2, 1968, the E1ehentary and Secondary -Education

. Act of 1965 was formally amended to include Title VII, the

Bilingual Education-Act. Since that time the fedetal government
has dec]ared 1tse]f an act1ve part1qt9ant in bi]1ngua] education.

Prior to th1s, there had been some isolated efforts in b111ngua]

education, but not unt1] the Florida schoo] systems felt the fu]]u,

impact of the Cuban refugees was b1]1ngua] education for the

Span1sh speak1ng considered in .earnest (C1v1] Rights Digest,

]974). The Mex1can Amer1can/Ch1cano* had asked for many years

that the subject of bilingual instruction be given consideration.

George I. Sahohez (1951) wrote about his ‘concerns regarding the
education of Chicanos and the various aspects of their segre-

gation: 1legally, educationally, and morally. Presently, while
federal mohies have reached only a very small percentage of the

total school districts that have‘qualffied bilingual students,

. S

*"The term ‘Mexican American' refers to persons who were
born in Mexico and:-now hold United States citizenship or whose
parents or more remote ancestors immigrated to the United States
from Mexico. It also refers to persons who trace their 11neage
to Hispanie or IndoHispanic forbears who resided within Spanish or
Mexican territory that is now part of the Southwestern United
States.

'Chicano' is another term used to identify members of the
Mexican American community in the Southwest. In recent years it
has gained a wide acceptance among many persons of Mexican
ancestry and reflects a group ideptity and pride in Mex1can
culture and heritage. In this report 'Chicano' and 'Mexican
American' are used interchangeably."” Report VI: Mexican American

Education Study - A Report of the U. S. Commission on Civil

" _ Rights, Washington, D.C.: U.S. Printing Office, February, 1974.
(Likewise, in this dissertabion, the terms are used inter-
changeably.) ‘ .4

16 .
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strong support from states has been rather’ siow in deve]op1ng

For example, Art1c]e XII, Section 8 of the Constitut1an of the

~. State of “New Mexico prov1des for the tra1n1ng of teachers in both

Span1sh and Eng]1sh to instruct the b1]1ngua] populace. Section

10 of that same Art1c]e protects the equal r1ght of education for

i

Chicano children. The New Mexico Constitution was adopted

January 21, 1911, and it is the opinion of this researcher that

little has been done ‘in the interim to enforce the Constitutional

mandate. Massachusetts, in 1972, required bi]ihgua] instruction
T ]

for non-English-speaking chi]d?én and Texas began the 1974-75

academic year with the 1ntroduct1on of b111ngua] education (Civil

R1ghts Digest, 1974). Many of the recent developments in bilingual

educat1on have received impetus from various court rulings
(Lau v. Nichols) (Serna v. Portales) under Ihq‘f%urteenth
Amendment and the Civil Rights~Act of 1964. < -

- v

Oy
St

BILINGUAL EDUCATION. IN PERSPECTI¢E

With respect to the history of educatiop in the United

" States, there have been many educational experim%nts and theories

that have fai]gd, and bi]ingua]-biculgura] educa;ion.is just as sus-
ceptible to many of the same failings that take a toll of other.
educational innovations. Fupﬁhergpre, b111ngua] educat1on has not
been without its detractors and there have Qegn ‘several arguments
against it. Many pérsons considered bilingual education un-

American, not needed, of noaeconpmic°benefit, or.as a remedial

program for children.who have some ]e&rning%ggsabj]ity. One by

-
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one the barriers have been removed. Nonetheless, there are still
many who are not convinced that bilingual education is legitimate

/‘
Most educators involved in bilingual-bicultural education

instruction. §: -
are no longer concerned with developing an underlying ratiodale
for such instruction.  An abundange of research supports the

concept of instruction in the first language of the child
!

"(UNESCO, 1953) (Modiano, 1968) (Moore, 1972) (Ervin-Tripp, 1973).

Educators are now at the point of asking questions such as: .Is
bilingual education working? Can the gains in}@i]ingua] educa-

tion be measured? Can bilingual education be expanded totiné]ude

[ o ———

secondary. as well as elementary grades? What are the variables

that one must isolate to evaluate bi]iﬁgua] programs?

BILINGUAL EDUCATION--ASSUMPTIONS OF
LANGUAGE AND-COGNITION.

In bilingual education the relationship of 1§nguage and
intellectual development with regard to psychology, psybﬁo]in-
guistics, and bilingualism is important. Psycho]inguisticsAis

...interested in the underlying knowledge and abilities

which people must have in order to use language and in order
to learn to use language in childhood. ..."underlying
knowledge and abilities” because language, like all systems
of human knowiedge, can only be inferred from the careful
study of overt behavior. (Slobin, 1971)

beve]opmenta] psychologists from the Piagetian school feel that

language is not essential for intellectual deve]opment.! Language

can facilitate or organize experiences but language is of

- T U
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.
gecqndary‘impqrtance in'coghitive development sinqe sensori-
motdv‘schemqtq opcur'eaﬁﬁier (Ginsburg and Opper, 1969). ,
Cognitive deielgpment takes a‘natural course with-éespect to the
envitonment. Howeyér, Bruner (1966) pointed out that the |
iostruction&] environment has more tg do with intellectual devel-
.opment than ;n environment relatively free of a structured plan
‘for,Tntellectua1 growth: Laﬁguage'being a major pathway to this
end.’ Ii is through language development that the child frees

himself from concrete situattons 90 more peréeptive and abstract

v

[N

elaborations.
Piaget's notion’ of cognitixg growth seems at first to -
o put him in direct opposition to exponents of*bi]inéqa] education.
Inhelder-et..al. (19686)° held %hqt lingu{stic training proved of
"1ittle worth in facilitating inte]]ectua]ideveIOpﬁent and that the
postulated sequence of cognitive development by Piaget was o .
~consistent with their %indjngs. Slobin (1971) commented that
"The general findings (Inheldér, et. al.) hpve;bégﬁ that special
linggifiic training will be of no avail to a child unless his
level of pognitive deve]dpment has dalready reached the point at
wﬁich it can Embrace the relevant concepts represented by the
-words." The training described was in relationship to Piagetian
conse}yation tasks. Flavell and Hi1l (1969), Brainera and Allen
(1971), and Glaser and Resnick (1972) reviewed and reported
highly successful training experiments in the Piagetian task;
which contradicted Iﬁhe]der's earlier findings. Bruner (1964)

- , _
had earlier theorized that it was the highly suggestive visual

19 ' - -
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1anUences that caused cognitive dissoBance, and that ldnguage
trainiﬁg could act as a mediating device. ' »

Lanéuage is culture specific and rapidly develops in a
reinforcing environment, The reality of the world is fi]te;ed
through the child's culture andrenvironmenf.. While Vygotsky:
(1962) and-Piaget (1974) differ in the relative imﬁortance \
gésigned to language, they do agree that language 1S‘dqye1opméhta1
in nature; deve]opmental'in the sense of culture and envifgnmenta]

fnf]uences?\\xlgptsky (1962) points to two methods by which a

’ 4 .
language influences concept development; the scientific concept,

~

a language-influenced intervention development sqch as iﬁ the
schoo];t.and spontaneous’ concepts developed in the home or
natiral eﬁvironmeht. Slobin (1971) in discussing Bruner's later
work concerning five sources of language-influenced intellectual

development quoted Bruner as follows:

(1) Words can serve as "invitations to form concepts.”
That is, the very occurrence of unfamiliar words stimulates
the child to discover the meanings of those words. (2)
Dialogue between adult and child can serve to orient and
educate thé child, providing an important source of exper-
ience and knowledge. (3) School creates the need for new
uses of language--particularly context-free and elaborated

uses. (4) Scientific concepts are developed in a culture and ~

are conveyed verbally. (5) The occurrence of conflict
between modes of representation can be a source of intellec-

tual development.

These five'asbects of language use in cognitive develop-
ment vary with culture and social class, interact with one
another and can influence intelligence in many ways.

While evidence is still being accumulated,” trends indicate that
language does play an important part‘in human behavior and the

way humans develop intellectually.
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Biiinguai education is based on the premise that fluency
in language is important in learning. If teaching Js done in the
language in which the child is fluent, the learning will be more
adequate than if the teaching is done in the-ianeuage in which
the child is less fiuent ' As Luria (1959) stated "Human mental

activity takes piace in conditions of actuai communication with

the enVironment, in the course of which the’ chi]d acquires from.

.adults the experience of many generations If one accepts

Piaget's concept of ]anguage deveiopment, ‘the second ianguage'
introduces a symbol variabie»which confounds and compiicates'the
. f T

issue, especially if the chiid'stifi maintains a centering schema

“or structure. In addition, the biiinguai chiid up to the p01nt

* of logical operations must reconCiie ego ~-centric meaning with his

y
cultural meaning plus second ianguage syntax and,meaning. By

using the language that the child is most familiar with, the’

child is not penalized by having to geveiop'fiuency in the secqnd'

language. Further developing a bilingual fluency does not handi=
cap growth in the\chiid's.cognitive and psychomotor development

(Peai and Lambert, 1962) (Vaiencia, 1972). It is then'ekpected

'that, after a period oif time, there will be equa] facility in

-

iearning via both Ianguages regandiess of subJeet matter or
content_(Vaiencia; 19?2). Andersson and'Boyer (1970) stated:
"Tnis is the essenee of bilingual-bicultural education: not to
bieck the chi]d's %earning by accidental limits imnosed by any‘
one culture or its language."

.
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THE PROBLEM IN.BRIEF _ ) (e

-~ !

Much of the teaching enterprise involves practice and
1, . ‘
repetition. However, caution must be exercised in the use of

- repetition, particularly in a bilingual class where there is a

great tendency to translate the lesson verbatim iQto the second
language. Several serious consequences might result from this

sttuation: teacber_tiﬁe’might_bé expended on priqrity subjects
not.allowing eprichment~in'other disciplines, e.g., sc%epce;

children might cover less material; and, most 5mportant]y5 the

.situation might result in a challenge to one of the basic assump-

e AR

tions of b114ngua] educat1on, that of transfer of 1earn1ng across -
]anguages. Add1t1ona]]y, Andersson and Boyer (1970) suggested S
that: = ’ '

.translation or near-translation involves three major
hazards in a b1]1ngua1 problem if the same child gets both
versions. First, it is boring. Hardly anything more damag-
ing could be sa1d about elementary school instruction. Only
the most phenomenal child will learn from something that
bores him. Second, if the child knows he will get the same
thing sooner or later in his own best language, he will tend
to wait for that, and not reach for‘the second language. And
third, materials that are translated for this purpose are
a]most invariably unicultural in content.

[ &4

There have been few experimental or descriptive studies -to
confirm or reject the above statements (Peal and Lambert, 1962)
(Trevino, 1968). Eeacher training at various.institutions of
higher education introduced students to various types of bilingua]
models and pedagog1ca] techn1ques. WHhile the undergraduates are 4¥"

experiencing bilingual-bicultural teacher training, there 1s st1]1

some uncertainty as to the/transfer of learning from one language

22
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“to another. The issue is debatable. . One of the principle

L3 .

intents of this study was to add some needed information to the

’ 0y

area of transfer of learning from one language to anothér_inmthg

context of a discipline, science in this case. A.second, and
important 'intent of this study was to‘aédreﬁgﬁjtse1f to the
question of whether bi]i%gua1 insfructioh.had gny more.significant
va}ue than single language instruction,in term§ of learning when_

*r»

the content was unicultural sciente material.

'
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REVIEW OF RELATED LITERATURE

The review of ]1t;\;€ure in  this study is compyrised of
four major components rélating to the instruction of bi]ingua]y
children. These components are (a) transfer with regard to
§ubordinate\énd supeﬁor&inate process skills, (b) language
acquisition and development, (c) assessment of learning potential,
and (d) bj]inguaf science instruction. As much as possible these

!

topics have been examined, especially as they relate ‘to the‘

e

Chicano ch11d ‘and to elementary school science.

Recent work on children's languafge acqu1s1t1on has brought
s out strong]y that the child is not just a passive vessel of"
sense 1mpress1ons He actively strains, filters, reorganizes
what he is exposed to. His imitations are not exact dupli-
.cations or even random reductions of input but reflect
knowledge similar to that revealed in his other uses of
language. In this respect, first and second language learning
must be quitecalike. The learner actively reorganizes, makes
generalfzations, simplifies. (Monograph No. 23, The Report of-
the Twenty-First Annual Round Table Meet1ng ‘on Languages and

Lingu1st1cs, 1970) S X n

’ TRANSFER OF LEARNING

Perspectives on Transfer . )

.0

Tﬁere is a psychoiogica]‘issue that revo]vgs around the
notion of tranﬁfer of Tearnind or training. The issue stems
primarily from the different attributes assigned to the transfer of
learning or training. Since the early part of the nineteenth
century and up until the present, the concept of transfer of learn-

~

ing has occupied .a rather prominent role in research.
L

~ 4 >
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Formal discipline, the process of exercising the mind by
learning difficult subjects, was once congidered‘the_best vehicle
for general transfer. In what are considered classical studies,
Thorndike and Woodworth (1901) found 1ittle correlation between
the difficulty of ‘school subjects and mental abilities in a sample
of over 13,000 children. -

Judd (1908) developed a generalization theory of transfer.
In his experiments, Judd tgbk fifth and sixth grade boys, equated
them, and split them into experimental and control groups. He |
explained the principle of refraction to the experimental group,
while the c9ntro]-grqup received no exp]an@%ﬁdns and were left to
Jiscover the nature of refraction by ‘experience. Both groups were
allowed to throw darts at a target that wé?‘submgrged in twelve
inches of water. There was no appreciable differénce between
control and expgrimenta]'groups with regard to success. However,

AS

when the depth of the water was altered to four inches the contzg]
group performanée fe]{ markedly. The experimental group made the .
proper adjustments and were significantly more successful.

Thorndike (1914) on the other hand, utilizing his earlier
exper{ences in studies with Woodworth, formulated a theory which
accounted for some of Judd's observations. Thorndike considered
transfer to take place mosf effectiveﬁy when "identiéa] elements"”
were involved. Thorndike's experiment called for training sugjects
to a high degree in estimating areas of rectangles, lengths o%

1ines, weight of objects, and marking parts of written speech. The

- findings of the study gave indication that training_had a pesitive

20
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effect and that transfer was greater wheﬁ the similarity of the

. h
-

tasks had a posiﬁ?&e correlation.
The studies ment1oned provide an h1stor1ca1 perspective,
but are only ? samp]e of the number of exper1ments that began to
accummulate. ‘brataﬁ(1935) reyiewed some 167 experiments on
transfer of wh1ch hggennc]yded 76 percent to be successful. The
studies are too varied to give details  here, but Trow (1958)
commented: N
In the bundreds of researches that have been conducted in
transfer ofatrain%gg, three definite conclusions recur again
and again. . The first is that intelligence is pos1t1ve]y
correlated with. transfer. The second conclusion is that in
general the more.nearjy similar. the tasks the greater the
transfer,.’ The third &lear conclusion from the experiments is
that methdds of learning and 1nstruct1on are of prime
zmportance, . : vl
Transfer 1s n0t as clear-cut as it may appear to be. It varies
along with va41at1ons in learning theory. As Shulman, (1968)
indicated, ava11ab1e literature had not reso]ved the issue of
transfer ofr}earn1ng, especially as it applies to any- psycho]ogy'
of learning. 4
A prime issue in the transfer controversy .is the question
of how the different proponents of legrning define transfer. It is
not easy to discuss transfer, in relation to competing theories of
learning, when in fact the operational def1nit1ons given transfer
are not compat1b1e. They are not compat1b]e in the sense that the
concept of transfer is one of the central concepts of a]] psycho-

logical theor1es of learning. This becomes even more sfgnificant

when 1earn1ng theorists cannot agree on basic educational issues.

26
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For example, Shulman (196é) briefly examined the positions of

Gagne and Bruner in terms o( instructional objectives, instruc-

- v

tional Styles, readiness, and‘transfer, and points to their

differences as follows: . - .

’ * .

The pos1tions of Bruner¥ and. Gagne take very different
points of view with respect to the objectives of education.
This is ome of the.major reasons why most attempts at
evaluating the relative effectiveness of these two approaches
have come to naught. ,They really cannot agree on the same
set of obJectives Any attempt to ask which is better--
Michigan State's footba]]-team or the-Chicago White Sox--will
never succeed. The criteria for success are different, and,
it would be absurd to have them both on the-same field
competing against each other.

-

.let it be noted that when two.conflicting approaches
seek such contrasting objectives, the condyct of comparative
educational studies becomes extremely difficu]t. (Shulman,
1968) -~ ‘

To resolve which psychological theory of(]earning best accounts for

the phenonenon of transfer would be a monumental task and well
beyond the scqpe-and intents of this study. The issue fs
'recogniz;:zJM§wever, in ;rder to show the need for any study-on
transfer to make c]ear the psychological theory which under]ies it.
In the case of this.study -the underlying theory of 1earning is the

cognitive theory which Wi]] be~brbef1¥”5€3¢§§d in the following

- section. ’ ~a »

A

The Cognitive Pos1tion and Transfer o ‘ . - e

*As 1t Was a]ready indicated the various ways psycho]ogists o

P

observe and categorize hUman behav10r is not exactly conSistent

from psycho]ogist to psycho]ogist In order to define the

s

cognitive poSition, let us 1ook at how Ausube] (1966) deferentiated
. 0N . .

>
. . .
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it from the neo-behaviorist position. According to Ausube{, the
’ neo-thévioristshare concgrﬁed with observable learned behaviors
_such as thbse which manifést thémse]ves in stim;;hs—response and
{p»environmenta] conditions which .influence those behaviors. The
neo-behaviorists ére reluctant to address the notiom of conscious-
ness which cannot be reliably observed. They believe that only by
observing categorizable behaviors can general scientific statements.

be made regarding behavio?. The cognitive psychologists, on the

.

other hand, (again, according to Ausubel) assume quite the
opposite and feel that by examination of the different states of
consciousness more appropriate stdtgments regarding human fuﬁctiop-
) jng and underlying cognitive process cén be made.
Ausubel classified Bruner, Gagne,‘ana hiﬁse]f as cognitive
psyéhbipgists._ However, Ausubel stated that both Bruner's and

.Gagné's position on transfer differ from that of his own as

follows: ‘
This.difference stems in part from their somewhat more
behavioristic conception of the nature of knowledge as

~ consisting of theg capability of performing differeni classes .,
of problem-solving tasks. Thus, in fostering transfer, - Gagne
focuses on the learner's possession of the compaonent or
subordinate problem-solving capabilities required for manifest-

. ing a given higher-order problem-solving capability. Concen-
trating more on the deductive aspects of transfer, Bruner
emphasizes "generic tearning" because it can facilitate
derivative problem-solving, that is, the solution of problems
sthat are particular exemplars of a more general proposition.
Ausubel-on the other hand, views knowledge as a substantive
(ideational) phenomenon rather than as a problem-solving
capability, and regards transfer functions of cognitive _
structure as applying more significantly to reception learning

than.to problem-solving in the typical classroom situation.
(Ausubel, 1966) ‘
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Thus, even within a particular psychology of learning such as that
of the cognitive theorist, there are many interpretations as to
the significance and methods of transfer. This necessitates even
more specific.identification\qf the iearning theory this study

reflects. The specific theory is that of Gagne.

Gagne's Cqmmu]ative Model for the Transfer of Learning

Gagne (1962) developed the cummulative model for transfer

of learning. It is a hierarchial scheme for transfer and resembles

some earlier studies of Maltzman (1955) and Harlow (1949). The
model is constructed of several seqhences of subordinate dnd
superordinate skills that are the results of task analysis. The
subordinate and superordinate process skills will be discussed
jointly with Gagne‘s'cdncspt of transfér because they are the
essential elements of the model. ‘

- Gagne, in his work on programmed learning, based some of
‘the impdrtant aspects of his theory on task analysis and cummu-
1at1ve 1earning, &s a mode] for specific transfer, on his '

research findings (Gagne and Br;;n, 1961). One of his QEJ&%es
evaluated the performance of seven ninth grade boys on a ;
s;r1es of mathematics tasks relating to a final activity of f1nd1ng
the sum of n terms in a number series. The final task was ident?-

- fied and then a systemat1c breakdown of the subord1nate tasks
~required to ach1eVe the final task was accomp11shed by continually |
asking what the student must know and be able’ to do before he can

accomplish a particular task. Emp]oy1ng the method of task

\
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analysis, nine subordinate tasks, arrapged in a hierarchial order,

were identified.

Gagne stated that there are two important variables for

which one must account in a model such as the one he poétu]atef.

These two variables were kngw]edge and instruction. Knowledge was
1

defined as the capabilities that an individual possesses at any

%tage. Instruction consisted of the following components: (a)
recognizing and acknowledging the required final task, (b) identi-

fyfng ‘the e]emenfs of the task, (c) receiving practice and
-~

-repetition to insure recall, and'(c) being gyided by one's thinking.

Gagne further stated that po;itive‘transfer/depended 6n "(a) the
recall of relevant subordinate learning-sets, and upon (b)_the*~‘
effects of instruction.; (Gagne_and Brown, 1961) , .
In.the experiment, students wére testéd on a series of

~h’casks in méthematics until they reached a point of being unsuccess-
ful. An TndiQidﬁa] instructional program was then set up to foster
achievement at the next higher level of the series of nine tasks.,
‘Gagne's success rate with the experimental group averaged‘86 per;
cent. He jnterpreted the results as positive evidence of the
knowledge hierarchy. One of the oVeraJ] conclusions was that if a
gubject passed a'higher Tevel task no 10;;r Zégk was failed. Gagne

stressed that individual differences may have accounted for less

than 100 percent ss in his experiment and that a model of

“transfer such as the one he conceived needed to take into consider-

N

™

ation these individual differenees as an %mportant variable.
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* In an associated work, Gagne and Smith (1962) pointed to

the importance of not on]y knowing what ‘are the expected terminal
behaviors in-a prob]eszolving,situation; but the ability to

~

formulate the terminal task and subordinate elements in the

subJecthtown words. . S,

Gagne and Sm1th, working with twenty eight n1nth grade boys,
investigated two suppositions: The first was to find if~prob1em-
solving was facilitated or,interferedhwith when a subiect was
requ%red to verbalize a discovered principle (solution set)
re]ated.to a particular task. The second was to investigate if
differences in performance were the result of the effect of
instruction’'which jnc]uded verbal descriptions of a discovereo
pr1nc1p]e ‘ —

The twenty eight boys were digtributed into four treatment
groups: (a) Verbalizing, Solution Set; (b) Verba]1z1ng, No

Solution Set; (c) No Verbalizing, Solution Set; (d) No‘Verba]1z1ng,

No Solution Set. The task for the experimental groups was to

move a set of discs from one circle to.another circle in the least
number of possible moves, maintaining the same size order of the
discs, ' .
. The Verba]izing groups out-performed those subjects not
required to verbalize their moves. Gagne felt that tne act of
verba]ization caused reflective and creative thinking, thus %
accounting for the better performance of the verbalizing groups.
If this conc]usion is accepted, then it would seem to this -

researcher that the student who has a language preference wou]d

g
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-éerﬁainly be at a disadvantage unless the.student is given the

opportunity of utilizing his preference language. On the.other
hand, if a bilingual student has a language preference, it may

lead -him to be more verbal in one language.

For the bilingual situation, this work of Gagne is subject -

. to many interpretatfons. It is the opinion of this invgstigétor .

that the study builds a good case for the sfudent{who is bilingual
and might prefer to verbalize in one of two languages. In a |
bilingual school environment, the s;uden% would have several
opportunities to express hfis preférred learning style.

In this study Science--A Process Approach (1968) was useJ

as the model for transfer, which is consistent with Gagne's model.

Science--A Process Approach reflects the cummu]afive model for

transfer of learning described by Gagne (1968) and it is his
operational definition of transfer that was used 4n.this study:

Cummulative learning thus assumes a built-in capacity for
transfer. Transfer occurs because of the occurrence of
specific identical (or highly similar) elements within
developmental sequences. Of course "elements" here means
rules, concepts, or any of other learned eapabilities:

In addition, Gagne (1965) (1962) clarified the hierarchial scheme
of subordinate and superordinate skills in his hypothesis:

(a) no individual could perform the first task without
haying those subordinate capabilities (i.e., without being
able to perform the simpler and more general tasks), and.

(b) that any superordinate task in the hierarchy could be
performed by an indiyidual provided suitable instructions were
giver, and provided the relevant subordinate knowledges could
be recalled by him." "

One of the crucial tests of Gagne's model was the assessment pf

Science--A Process Approach. This was especially signfficant_

32

-




b

L _]9_ ) . 1'

because the research data was accumulated from wvarious test sites

’ thfdugh the country“which'refﬁected.no; only rural, suburban, and

urban children but also the different social and economic

conditions o hildren from kindergarten through Eixth grade.

Walbesser (1965) designed the.model for evaluation aﬁq the

- be tested was stated as follows: _

If behavioral objectives are stated, instructional
activities written for guiding the teacher based upon the -
stated ohjectives, and behavioral hierarchies constructed from
the stated objectives, then the percentage acquisition of the .
stated behaviors by the learpers will be the same for all
socioeconomic levels. (Walbesser and Carter, 1968)

hypo

‘The data supportéd the hypothesis, but there was a socioeconomic

effect. A1l process.skills were inQestigated and it was found that

disadvantagéd children.teid to perform bBetter in the skills off
Observing dnd C]assif&ing than in the Numbers ‘and Communicating
processes. - It was reported that verbal fluency may have effected

the acquisition of_cértain beha{ior skills. Nonetheless, Gagne's

model of cummu]ativeﬁ]eafning proved to be quite su;cessfu] with

respect to -transfer.

In employing Gagme's mode}'bf.cummulativé learning in this

Etudy_ﬁt was as?umed that his @odél of transfer of learning, as

>

depicteé/ﬁ&?&féénce-rA Process Approach, would be the most useful
. e - N . ) ;
of the égveral elementary science projects to generate the desired
behavioral data on. transfer to match the transfer assumption of

bilingual education. In reyiewing major e]ementary science

projects:‘the investigator found that Science--A Process Approach’

had built-in instruments %o sample the ski]]svan¢ competenéies

acquired by the student. By use of a binomial scale on a dependent

33 .
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measure, behavioral data can be obtained. for analyzing transfer.

Ramsey and Howe (196?) pointed out that of the elementary science

projects, Science--A Process Approach, at that time, was the only

major project’;hat had.an.eva]uafion design to substantiate its

-

.model for 1ea}n1ng.

* While there is no conclusive evidence %0 state whether

et

.
N W T T T B

£ .
Gagne's model accounts for the transfer of léarning better than
éther models for transfer of learning, his model fis successful in
producing the desired.effects of his definition of_trénsfer
(Shulman, 1968). '

It was not the intent of this review to resolve the issue
of transfer of learning. The investigator, for. the purpose of the
- study, accepted the operational dqfinition of transfer as.stated by

Gagne (1968). This review centered on describing'some aspects.of
the Chicano child as a student, keeping in mind Shulman's (1968)
. statement: - '
" Individual differences.in learning styles are major
ESNEVEE determinants of the kinds of approaches that work best with
different children. Yet this is something we have in general

i * not taken into consideration at all in planning curricula--and

for very good reasons. As yet, we do not have any really valid .

ways of measuring these styles. Once we do, we will have a ‘

powerful diagnostic tool. Subject matter, objectives, charac-

teristics of children, and characteristics of the teacher are

all involved in this educational decision. ;
Gagﬁen(1962) expressed this same concern, and work by Ramirez and

Castaneda (1974) &ith bilingual Ch{canq children showed promise in

this area.

.»\/
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LANGUAGE ACQUISITION AND DEVELO#MENT

-

The development of fhe-capacity to function in an open or
a structured institutional environment poses certain problems for

the bi]inguai child. This .is so because the langudge that the

. child brings to the schqol may.or mayﬁpog'be valued in .terms of

learning by the school. &n:addiiion{ the facility with language-

may cover a broad spectrum of competencies of which the school «may
be ignprant‘ \‘ ‘ ’ ‘ .

B1]1ngua11sm is an ach1evement that arrives by many
routes. The bilingual-in-process might be a child growing up
in a bilingual adult milieu, member of a bilingual family, or
or a monolingual minority. He might be an adult who has’
moved to a different linguistic environment. The learning
process might be casual or systematic pedagogy The differ-
ences in what the learner hears, what he is expected to say
and how much formal correctness is demanded from the start
make for radical differences in the process of acquisition
according to age and milieu. (Jones, 1973) ‘ .

For the bilingual child as for other children, ]agguage is
déve]opmenta], progressiﬁg from .being highly dependent on con-
crete experiences to abstract socialized functionsl Several
research studies indicate that language at an early age is not
only quantitatively but qua]%tative]y different for the child as
opposed to.the adult (Piaget, 1974) (Vygotsky, 1962) (Ervin-Tripp,
1973). The spoken language of the child is {éarned’in a social

environment and as a consequence it may be exp&cted that the

“learning of content is concommitantly affected (Ervin-Tripp,

1973). However, because the language is learned in a social
environment, the amount of social support is crucial for further

development. Accot:;ﬂg.to Jones (1973), "Social support appears

-
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to be of greater importance to children than to adu]ts:" Social

support in this context means:

.- ...that the learner hears speech in several languages
outside the classroom, either because he moves between two -

. monolingual communities or because there are consistent rules
?ggggning alternations in a bilingual community. (Jones,

Many instances have been documented where children ]eqrn a
language in a particular sdcié] environment in addition to that of
their parents onJy'io have language atrophy occur upon being
r;moved f%om thealanguage'éni gocia] contact in which it was

l

learned. Once the social sUpport is absent, the_extinction is

‘rather rapid. Witness the case of students studying a foreign

language in. an academic atmosphere voiq 5f social sugport. This,
however, is not the case for the Chicano. Depending on the sbcial
setting, the Chicano child might moJe through a spectrum of
Janguage‘settings during any one aay; fhe child may speak only
Spanish ‘to his parenfs or grandparents, a m%xéure of Spanish and
English with peers and English most often in scﬁoo]. There is
social support for 1an§uage development of the ch{]d. "Nonethe-
less, the relative importance éttachgd to the 1anggagg is directly
dependent on the dominant socioeconomic influence in the cbmmunity.

In Monograph No. 23, The Report of the Twenty-First Annual Round

Table Meeting on Languages and Linguistics (1970) it was reported:

.If the root problems of Chicano children in our %thools
are social, rather than jdinguistic, we can expect that the
comparable structure hefe would provide a fully bilingual
program, as in Miami. Thus the Chicano children could see
their own language respected as a medium of instruction and
see Anglophones struggling to learn it as they learn English.
It would not be surprising if in such fully bilingual programs

’
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they eventually learn school English better than children in
schools where English is the sole medium of instruction---
even though they hear and speak less English in the course of
the school day. .

This postulate'is partly supported by Douglas Muller (1974) in
-his six year evaluation of a ‘bilingual program in New Mexico. It
is also important to note that the relative value placed.on the
language is crucial for acquisition and retention. Labov (1965)

indicated:

Values play an important role in determining whether a
given condition of social support will produce or sustain
learning. At a gross level, beliefs about the ease or
appropriateness of becoming bilingual may affect the
probability of child or adult learning.

If there is social support and a high vafue placed on bilihgual-
ism then the only limiting factors are the opportunity to express

talents and the individual's intellectual capacity.
ASSESSMENT OF LEARNING POTENTIAL

Much has been written about intelligence and its relation-
ship to race and eth;icity (Palomares, 1965). And while many '
ethnic groups have beeﬁ scrutinized by a battery of achievement
and intelligehce tests, the Chicano has borne the brunt of recrim-
ina%ions resulting from such testing. According to Report VI:

Mexican American Education Study (U. S. Commiésion on Civil

Rights, 1974), Chicanos have been disproportionétely placed in
cltasses for the'méntaily retarded on the basis of intelligence

tests that do not measure the fntel]igencé of Chicanos, by

achievement tests that cannot accurately predict the achievement

»
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~bringing about the assimilation of Spanish-speaking children with

“levels of Chicanos and by diagnostic tests that are incapable of

ladequately expressing the‘under1ying‘structuré that constitutes

the cognitive functfoninq of the Chicano. In addition, prevafTing
stereotybes held by the dominant society a}iow some ethnic érg?ﬁé g
to avoid the humiliation and intellectual insult forced on the
Chicanao.

« Tbat Chicanos posed a problem io the Anglo educational
system has been recognized since both came into contact. The
ﬁrob1ems was recognized in the Tfeaty of Guadalupe Hidalgo of 1848
which ended(armed hostilities between the United States of America
.and the.United States of Mexico. Th&ugh the educational rights of
the Chicano were protecéed by treaty, very little was done to
compel states 'to adheres

Early psycho1ogjca1 studies, whether i111-intentioned or
not, had the effect of laying the groundwork for segregation and
subsequent search for cognitive defects in the Chicano child
(Sanchez, 1974). Coers (i935) in a study for the purpose of
the children for whom the school system was brigina11y p1anned:

‘assumed that teachers and administrators had come to realize the

importance of knowing how the achieyement of the "foreign"

'chi1dreh compared with that of the children of other white stock.

His findings were consistent with many studies to come later that

.indicated that the relative achievement of the Chicano group was

<
greatest on the arithmetic computation test followed closely by

the relative achievement on the spelling test. The Anglos

©
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nonetheless out performed the Chicanos with the: Chicanos perfqrm—'”

ing poorest on language usage. - o
Lamb (1930) earlier had shown that Ch1canos do better: on

tests of manua1 dexterity than.Anglos. There wevre eight perfor-

mance tests in which dexterity was important. Included in the

tests was the Goodenough Draw-a-Man Test. The Chicano ranked
highestfin four of the tests and tied for superiority in another
which led the investigator to conclude that certain racial groups
devef;p early skill in manipulation greater tﬁan tﬂat of the
average "American" child. No méntioe was made if there was a
positive.correlation between performance on the tests and intell-
igence or achievement; and if skills in manipulation are related
to language deve1opment.— ’ |

Latér, Tireman kf951%,‘wﬁo had been Working with Chicano
chi1drea in New Mexico since the early 19305, showed in his

studies of Chicano children through eight grades, that there was

a continual strengthening of arithmetic reasoning and arithmetic

fundamenta1s as the child progresses.

A trend had already begun to indicate "that the Ch1cano
performed better on tests that measure reasoning rather than
those te;gz measur1ng verbal comprehension. The ab111ty of the
Chicano to perform.betteér in arlthmet1c fundamenta1s was neither
attributed to any one specific cognitive structure or advantage
nor extrapolated to the notion that arithmetic functions and

symbols are the precise 1§Eguage of science. A correlation of

this type has yet to be conclusively indieated. However, the

]
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nature of the tests themselves and their freedem from cultural
bias began to be questioned by Chicanos (Sanchez, 1974)
(Pa]omares, 1965) .5 é%é, ‘

The genes1szof the quest1on led Jensen (1961) to
initiate his own stud?es relative to the 1nte11ectua1 and 1earn-\

ing abilities of Ch1canos. Us1ng the California Test of Mental,

Maturity for match1ﬁg purposes, he ran several IQ groups of
Chicanos and Anglos through certa1n learning tasks. dJensen
pointed out that h1§? IQ's are very rare among the Chicanos as

measured by the California Test of Mental.Maturity. His learning

tasks gave evidence of what Chicano educators had been saying,

H . .

but had been unable to convince schools and other educational
i

1nst1tut1ons--that tests such as the Ca11forn1a Test of Menta]

, Maturity may be able to distinguish and pred1ct between low IQ

and high IQ Anglos, but are inadequate instruments for Chicanos.
Jensen S resu]ts showed that a s1gn1f1cant number of Chicanos
classified as slow learners actually are qu1te normal and perfor-

med in the learning tasks as well as the high IQ Chicanos and ‘
Anglos. . | |
| ‘ }he question of cultural bias in tests of IQ and acnieve-
ment gave vent to different pathways in search of a genetic
component or an environmental casual relationship (Shockley, T972)
(Gage, 1972) in intelligence. Scattered evidence from other
fields showed that children from different cultures and different
language groups perfermed differently on problem solving tasks

(Zimmerman and Rosenthal, 1972) (Bernal, 1971). It also became

40
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. Thus, their 1anguage and their value oriedfetion results in a

.1971) (M%Anany, 1971) (Eng]e, 1971) (Bongers, 1971) (Beman 1 1972)

. and knowledge, but they do better on the culture fair test.

;tudies were funded by the Office“oﬂwEducation.

Intel]igence Test, ITPA, ,BVfH Gestalt Test) have been administered

] o . +
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incneas1ng]y c1ear that/Ch+cqu ch11dren are brought up to view
the world and nea11ty differently from their Anglo counterpartsg

w

perﬁormqnce’s1gn1f1cant1y d1fferent from the Anglo (Karadenes,

(Kagan and Madsen, 1971) Jensen (]973) later wrote! " -

Our test of. Mex1can Americans show they do rather poor]y
on the culture- loaded types~ of tests based on verbal skills

that measure the-ability to genera]1ze, to distinguish
differences and similarities, to see relationships and to
solve problems. The tests measure reasoning power rather
than specific bits of knowledge.

Kiltian (7971) concliuded after a three year 1ongithdin£]
’ 4

study ‘on Spanish-speaking children that there is no evidence of

é’\ kY
k2o

cognitive deficits save a problem with the English 1anguage¢in
verbal cpmpFehension. Roberts (1970) had earlier indicated that
some of the same tests used in Killian's research are misused

when they are used for identifying language development. (Both

. Some soph1st1cated tests (e.g., WISC Stanford-Binet

7

to Gh1canos, they have part1cipated w11]ing]y or unwillingly in

some educat1ona1 exper1ments The resu]ts continue to show that -

there exists a common core of 1angupge, cul ture and cognltion, .
and a“dependency éssigned to these results by society and its
- . L d .

educational 1nstttutions. ‘If- one of the ends of society

np]ura]istic existence and dignity in being .different, then the

1dea must perme;te that soc1ety 1qc]uding 1ts,educationa1

. . ]
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" to that curricu]um,’and its instructional staff,

institutions. The idea must go directly to the nuc]eus_of the

school; its curriculum, the specific disciplines which coptribute

%,

- LA——

BILINGUAL INSTRUCTION--RELATIONSHIPS TO '
ELEMENTARY SCHOOL SCIENCE

,*

Science education in the elementary and secondary school

has made significant changes and advancement in the-last ten to

w

fifteen years. Some of the more important qhahges_that have

+

occurred are.found in particu]ar_phi]osophieg of education and "

' have merged psychological theories of Jearning with broad scien-

tific concepfs and proce§s skills. In a highly technical and

‘Ecdentific society, it is desirable and even mandatory that the
r . .

citizenry be scientifica]]& literate (NSTA, 1964). Children
should understand thémse1vés, their environments and how these
interact. Bilingual éQucation-gives-%ndicﬂfions of being a very
effective tool in deVe]oping desirable cégnit1vé skills in science
as well as”devejopinﬁ the{humanistic qualities ﬁhportanf to the
culturally different chiidl‘ . i

Because of its nature, scieﬁce has become a discipline
that knows no national boundaries. Scientists are able to
communicate iaeas and experimental work and share a symbolic
Tanguégé that to a certain extent Eommunfcates across languages.
The progrgsé*:hat has been made, and will continue to.be made, is
not the private domain of amny one{ethnic, religious, or national

group, though %here has ,been a tendency for particular groups to

excel in science (Hardy, 1974).

. 42
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Educators involved in bi]ingua]-bicu]turaj education have
sought information and answers regarding the best methods and
materials for imp]emeutation in bilingual programs. Often this
decision is based qgfthe availability of materials in the market
place. This has been the case with materjals developed for Chicano
children and those;exported to Latin American countries; for
example, the Bio]odica] Science Curricuium Study materia]s.

Materials that have been especially designed to foster
scientific concepts and process skills in the dominant culture
have been used not pringipa]]y for this keasonawith.Chicano ’
children, but to teach Eng]ish language fluency. References are
made to increased vocabulary, reading readiness, interaction with
peer/teacher, pupil invo]vement, butelitt]e mention is ever made

.of performance in science (Scheffer, 1969) (John and Horner,

.,]971).

, | .
Science techniques and materfals have proved effective in

’ getting children invelved in situations which lead to interaction
without the added burden of learning to read a syhbo]ic interpre-

! tation of reality stifling to their natural curiosity. One of the

objectives of the new elementary science curricula has been to get
children actively invo]ved and to develop positive attitudes about
science, but the emphasis remains on the science and that is the
way the materials should be used. Additiona]]y, the results of
the translation of these materials are that they'transmit t;e one-
cuiture influence. The destqability of this transmission must be

resolved by those involved in bilingual education. It is
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..possib1e,'as was dope'in Toronto, ‘Canada, with a ﬁathematics _
program (Giles, 1?%?) (Andersson aE:.deer, 1970) to split the time
allocated to science and teach it as if it were two different ' ra
- subjects using two different 1ahgdagés. Teacher preparation and
available materials play an important role (ott, 1968) (Trevino;
1968) (Hernandez, 1974).

Few science educators have concerned themselves with
bilingual education, yet there are indications from the literature
that bilingual science education might be a most fruitful area for
inyestigation (Réisner, et. al., 1967) kwa1besser and Carter, -
1968) (Giddings, 1966) (Stevens, 1969) (Perales and Howard, 1969)
(Jourdane, 1970) (Theiss, 1970) (Billeh anlee11a, 1970). Of the
studies cited, the common consensus was that apart from further
investigations into the area'of Science‘education, that a'system-
atic approach to science be used taking into account the students'
development and the socio-linguistic environment of his home.
Bolger (1967) recoﬁmended that bilingual science programs should
be staffed by fluent Spanish speaking teachers and tha@ bilingual
science proérams wOulé be most successful with bﬁ]ingué] children

who tend to use Spanish most frequently. ~Scattered evidence

from re]ated f1e1ds to sc1ence showed that children from d1fferent
cultures and tanguage groups perform better in biljngua] situa;1ons
(Caaﬁaneda, 1967) (Trevino, 1968) (Robinson, 1970). Whether the

differences 1in performances can be attributea to chancé, linguistic

or cultural factors or pedagogical technique has not been fully

resolved.
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SUMMARY

The review.of the literatufe pointed to several important
"issues in bilingual education. One, there is a need to clarify and
state the concept of transfer of 1earning, based‘on some psycho-
logical theory of learning, as’?t applies to bilinguai education.
Because.transfer is one of the principle assumptions of bilingual
education. it is essentia] that the research began to identify the
conditions for this phenomenon. Secondly, it should be recognized
that any bilingual program must take into account the developmental
nature of language and its relationship to cognition. Additionally,
the diagnostic instruments in vogue are not wholly adequate for the
réquirements of bilingual programs It is also necessary to’dispe]

the notion that bi]ingua] education is strictly a language learning

experience per se; ra;her it is an experience that canveys concepts.

processes and subJect matter via language. And it is this last
issue that becomes even more significant to the researcher because
the topic of bilingual scfence education is of such recency that

research on it is almost completely absent.
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Chapter 3 o Z:ji;/

THE DESIGN OF THE STUDY
INTRODUCT ION

.Ya]encia'(]972), in describing one of four underlying
principles of bilingual education, spoke of the "...use of the
learner's native language to facilitate the learning procesg and
avoid postponement of cognitive and psychomotor deve]opmenf."
With regard to second language development and learning, “he

further stated:
4

The moment for utilizing the second language in the-learn-
ing scheme is dependent on individual readiness, the nature of
the subject matter, and the learning activity. Furthermore,
since reading and writing. skills are closely related among the
Indo-European language, a transfer effect will occur in devel-
oping such skills in the second language. (Undeflining not 1in
the original)

In support of this statement the noted Russian psychologist, L. S.
. ¥ ~ ' ’
Vygotsky (1962) concurred:

Success in learning a foreign language is contingent on a
certain degree of maturity in the native language. The child
can transfer to the new language the system of mednings he
already possesses on his own. The reverse is also true--a
foreign language facilitates mastering the higher forms of the
native language. The child learns to see his language as one
particular system among many, to view its phenomena under more
general categories, and this leads to awareness of his 1in-
guistic operations. g

One of the purposes of .this exberiment was to investigate
the postulated transfer effect. The'sebond purpose of the investi-
gation was to determine the efficacy of bilingual instruction,

particularly with regard to science education. Andersson and

46
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Boyer (1970) gave evidence that children instructed bilingually
made measurable gains over comparable groups taught the same
content but in one language. This evidence was not conclusive

with respect to science education.
SETTING

state

The State of New Mexico was selected as the site for this |
study because of its history of bilingual-bicultural education in
the e]gmentary schoo]g. The schools selected for the study were
located in cities or towns with a population of 55,000 or less.
There were four schools that participated in the study. The
schools selected for the study were separated by as much as 400
miles. wa schools were located in the northern part of the state
(Las Vegas) and two were located in the southern part of the state
(Las Cruces). In general, schools in New Mexico and in the South-
west that have bi]jngua]-bicu]tura] education progfams have a
1ar§e number of.Ehfcanos and.the Chicanos are usually thé dominant
group in the bilingual classroom. In this study approximately 95
percent of the students were Chicano.

The development of bifingua] education in New Mexico is
compara@ive?y recent within the larger framewofk of educational
history in the state. Gonzalez (1969) pointed out that: '

New Mexico is the only state in the union thch may be said

to be effectively bilingual. This has repercussions in the

school system, advertising media, court system, entertainment
world, etc. '

.47
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Unfortunately, the Spafish language is not taught in the
L S inauage pasesd on only imperfectly through
the oral tradition alone. .

The Spanfsh language influence came into the state betweeﬁ
1539-1583. with the Spanish expeditions of Coronado, Chamuscado énd
Rodriguez, anﬁ Espejo. A]though there had been earlier expedi-
.tions and trade routes established throﬁgh the towns of inyesti-
gative interégt, the Mesilla Vai]ey (Las Cruces area) and the Las
Vegas area were permanent]& occupied by Mexican and Spanish
descendants between the years 1800-1840. It was from Las Vegas,
New Mexico, that General Stephen W. Kearny in 1846 claimed New

Mexico and the west bank of the Rio Grande for the United States.

Las Vegas. The consolidated town of Las Vegas, New Mexico, hés a
population estimated at over 14,000 by the 1970 census.’ The '
economics o% the town and county (San Miguel) are dominated by
agribusiness; the raising of livestock the $ajor endeavor.

The county is 80 perce;t Spanish surnaﬁed with many resi-
dents living in small ru}a] villages around La; Vegas. 'The rural
communities, while in most cases se]f—gustaining, are highly
dependent.on the towﬁ of Las Vegas for trade and commerce. .fhe
rural residents also depend on Las Vegas.for fhe‘schoo]ing of
their children. The town has twg‘schoo]'systems.‘ When the two
towns (East Las'Vegas and West Lés Vegas) were consolidated under

one city government, it was agreed that the respective towns would

retain their own séhoq] systems. The dual school system 1s.not

the only unique feature of Las Vegas as indicated by the following

statement:

/‘ ’ 48 | | | v
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: |
Part of the community of Las Vegas (population 17,000), ,
West Las Vegas is the poorer, older section peopled primarily |
by Mexican Americans who have resided there for generations. |
The town is in the northern, mountainous _region of New-:Mexico,
60 miles from Santa Fe and 120 miles from Albuquerque. Las
_ Vegas is the home of Highlands University (a small state-
supported institution with 2,400 students), of a state
hospital and a mental retardat1on facility. While a small
group of white professionalsare affiliated with these insti-
‘ . tutions, the vast majority of the labor force is Mexican
American employed in construction, education (teachers, aides,
5 [ clerks), hospitals and filling stations. Although housing is
less cost]y than e]sewhere, the modal income is only $5,600.
(Leger, 1973)

West Las Vegas has had bilingual education in the elemen-

tary schools since 1970, and the vast majority of students that

-

participate in the bilingual program are from low income families.

N

The same is true for bi]ingha] programs in East Las Vegas. For
purposes of this study, a school was selected from each of the

school systems.in Las Veéas.

#

Las Cruces and Mesilla. Las Cruqeslis located in the southern

part of the state. According to the 1970 census, it has a popu-~
“"lation in excess of 38,000. Related economics are tied to the

government facility at White Sands Missle Range; the state agri-

cu]tuéa] school (New Mexico State University) and the bui]?ing

industry. Las Cruces is the county seat of Dona Ana County anq the‘
counfy has a strong agribusiness. While there are many small

farms in the area, there are some large corporate run farms. The

town is located some 45 miles from the larger metropolitan area of

E1 Paso, Texas. Las Cruces and the surrounding area has a large

Spanish surnamed populace and though many are involved in service

oriented endeavors, the larger portion are involved directly or

~

indirectly in agricultural related work.
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Las Cruces has had bilingual educétion'since 1967. The

pr&grams were concentrated at first in four schools and has

expanded since. Two of the early schools involved in b111ngua1

education were also 1nc1uded in this study. One school was

lTocated in Mesilla and one in Las Cruces proper. Most of the

. children participants come from families that have an income range. =~ |

of $3,000 to $5,000. The Spanish surnamed children dominate the

bilingual classes with their percentage as high as 96 percent.

Relationships of Schools

To try to reduce the variability between schools, the
1nvest1gator kept the instructional -environment as physically
s1m11ar as poss1b1e in terms of the schoo]s selected for the study.

Research on Science--A Process Approach (AAAS, 1968) showed that

variances in instructional environment had 1ittle effect on perfor-
mance of students. However, given the geographical locations of
the schools in the study, one would expect that there wosld be an
uncontrd]led variability between schools. 'Ihe investigator

expected that a between-schobl variability would be éVident in the

final ana1y51s. The homogeneity of subjects?has maintained by

random selection from a heterogeneous bilingual fifth grade c]ass

in each schoo]. Demographic and socio-economic data available

showed the students to be similar.
SCIENCE--A PROCESS APPROACH

Units from the American Association for the Advancement of

.

Science's elementary curricular project, Science--A Process
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Approach, were used in this investigation.

Overview of Curricular Developments

The national elementary science curricular projects place

“emphasis on the nature and structqée of science and on the
processes of scien?ific inquiry. The gnder]ying theme of most
projects is that it is 1mportant:to develop within the populace a
citizenry that is scientifically literate, to impart knowledge of
how humans are in dynamic intera;tion with the environment, to
devefop the humanistic qualities necessary to 1ive within a social
milieu and to harbor deep respect for nature and the order of the
natural world.

The new elementary science curricular projects stand in
‘contrast to what has occurred in elementary é;ience in the past
and what occurs quite frequently today. That is, quite often the
teaéhiﬁg.of science in the elementary school is- relegated to
incidental. ideas, tg novel things as they come up or to the memor-
ization of isolated facts. The national elementary science .
curricular projects believe that there is a more fruitful way for
children to learn an& appfeciate science. These pﬁpjects approach
the matter of elementary science with a particu]a}“bsycho]ogicalw
theory of learning grounded in a philosophy of science and witﬁ a

p%iagogica] system to reach the children.
& -

j 3
Science--A Process Approach (1968 version)

Science--A Process Approach is one of the national elemen-

- . » tary science curricular projects. The program had its inception at

1
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Stanford-University in 1963. The curricular package is broken up
into seven Parts labeled A through G. Part A is the beginning
unit and c%n'qpproximate kindergarten on up, although this does not
have to be the case. Each of the Parts consists of about\tﬁénty
exercises., Each exerci§e deals with a set of processes and is
color coded to distinguish the processes empha;ized (AAAS, ]9681.
Parts A thrdugh D are primarily concerned with the development and

acquisition;of eight basic process skills: Observing, Using Space/

Time Reiationships, Using- Numbers, Measuring, Classifying,

. Communication, Predihting and Inferring. Parts E through G

concentrate on the iﬁtegrated process skills which dre more
comp]ex‘in nature and are identified as: Formulating Hypotheses,
gontrolling Variables, Interpret{ng Data, Defining Operationally
and Experimenting. \

As is evident from the title, the project stresses the

development of process skills. Hurd and Gallagher (1968) described

this process approach as follows: .
The processes of science represent its more stab]e'elé&ents
since the methods giving rise to science changes less
frequently than the concepts produced. Teaching the prpcesses
of science--its modes of finquiry--is providing young people
with thinking tools that are not only applicable in the
context of science but to life in general. What more, if
children learn to use the processes of science, they will come
closer to understanding the spirit of inquiry that character- |
izes science. : J

Robert Gagne (1965) further elaborated:

The process skills are components of scientific inquiry,
the procedures that give rise to knowledge and define its
meaning. These procedures may be further subdivided into
simpler skills, thus ultimately reducing the complex task of
inquiry to a hierarchy of component processes.
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The philosophy of Science--A Process Approach. Science--A Prbcess |

Approach views the learner as a person that either has the ;
requisite skills or does not in regard to mastering a certain
class of tasks. It‘proceeds on the assumption that the learner

can be guided through a hierarchial arrangemént of tasks to

mastery of those tasks if the seqhencing of topics and the reoccur-

rence of the ideas are reintroduced in a proper manner,

The pedagogy of Science--A Process Approach. The prinqﬁpal

pedagogical assumptioﬁ of Science--A Process Approach is that the
student must be actively engaged in the learning process. ‘This
means that the student will be involved in hands on activities.
The students are encouraged, challenged and”questioned when work- L‘

ing with a particular unit of Science--A Process Approach. With

the completion of a set of activities the students are expECFed,
egg;;r in(a group situation or individually, to~demonstrate a

m%nimum sef of required béhaviors. These are observable perfor-
mances consistent with the completed activities and are known as

Appraisal or Individual Competency Measure.
'

Materials. Tﬁe materials that the students work with consider the
intellectual development of the studgnt and the materials are

vieQed with regard to the acquisition of intellectual skills (Hurd
and Gallagher, 1968). They consist of prepackaged iiem; referenced

to the teacher's guide and are self-contained materials, save for

2
.

consumable items.
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The psychological basis of Science--A Process Approach. Science--

A Process Approach is the moét behaviorally oriented of the

1
|
1
— 4
1
1

elementary science programs and is the most structured, Its

psychology Qqs influenced by Robert Gagne who saw the development ° i
ofythe process skills in a hierarchial order. Each idea is

deve[opgd at jt; 6wn requisite Tevel and iﬁtroduced as often (in
&ifferent contexts) as nécessaky in conjunction with one or more

=
ideas. Gagne saw.diiierences in learning as dependent to a very
]arge degree upon differences in previous learning; linking the
"Yearning of any scientific knowledge is dependent upon mastery.of
pfevious knowledge. This means the ordef]y sequencing of ideas

and the learner knowing what lTearning goais are expected of him.

Two things characterize Gagne's thinking in Science--A Process<
Approach: sequence of topics and practice. In seqyenﬁing of
topics Gagne (1963) indicated:

v Knowledge is a hierarchy of ideas, in which the more
complex ones depend for their acquisition on the previous
mastery of simpler ones. Thus when a curriculum designer has.
in mind a set of ideas he wants students. to acquire, he must
ask himself very systematically, "What must the student already
know how to do, in order that he can acquire this new
knowledge?" The best way to construct the instructional
sequence is to begin at the end and work 'backward with a .
rigorous application of this question at every step of the way.

Practice j% a ngtura] consequehce to knowledge based on a hierafcﬁy
~of ideas. Gagne be]ieved,;hat it is not onTy necessary for the

learner to acquire the ﬁore complex ideas, but he must have a |

method of reca]]ﬁng simpler ski]Téﬁfor true learning to take place.

N The best method of insuring that there is someé permanence in

developing this type of ]earﬁing is practice and repetition.




- . ’ "., . &
Practice and repetition js not meant in the traditional sense,

but taking previously learned ideas or processes and presenting
them in new and novel situatdens necessary for the acquisition of ~
new ideas. In reference to what was prev?ous]y stateds'Gagne

~defined ideas as "...an inferred capability of perfbrming a ctass

of tasks." é TN\ ' - g
, . , o - C
‘SUBORDINATE AND SUPERORDINATE SKILLS---
g ' DEFINED FOR THE STUDA

Robert Gagne (1963) in describing knowledges (sic) that an

individual sHou]d possess in developing generalizable behavioré]

skills in science, spoke of mény subordinate skills. Know]edéé;
carry the attributes of‘competency, skill and understanding.

Gagne postu]ated four conditions regarding the serious pursuif’of

. science and learning. In the four postulates the recurring concern

was on building and developing subordinate skills to greater com-

plexity. He stated:

, ...each subordinate knowledge is conceived of as building
— upon, and in a learning sense depending upon, all-of the
. simple subordinate knowledges in the sequencé, as well as some
“in other sequencés. A progression of sequences has been
postulated which make for a high probability learning the
_next higher unit of basic knowledge, if the student has already
mastered.the related ones below; and for a low probability if
- he has not. (1963) ' : c-

This jnyestiga;or defined the dévelopﬁént of the more complex

skill sﬁperordinate to the subordinate skill.
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HYPOTHESES

!
i
, | 1
Research Hypotheses ' |
\ The experiment was designed to iqvestigate the following |
research hypotheses: - ‘
1. Bi]ingual children in§t;ucted in Spanish wilY learn
sciencé.content and process skills a§'weli as bilingual chi¥dren
‘inst}ucted‘in English, but néitﬁer grous will learh the cbntent
‘and procéss skills as well as sthdénts ipstruéted bi1ingua]1y in
Spédish and English when science actﬁviﬁies are presented in a
subordinate andlsuperordinate order. | ‘
‘ 2. Bilingual children receiving science instruction
wi]] demonstrate a preference for insﬁructio; in two languages

(Sppnish and Bnglish) rather than instruction in a single

language.

Statistical Hypotheses

To %est the ‘research hypotheses the following statistical
: hypothese§ were investigated: _
1. Subjects experiencing in§truction in Spanish will not
perform signific&nt]y better on science competency measures than
"tﬁoée subjects exposed to inétruction'in English when the
scientific congent,is unicultural in nature. .
2. Subjects experiencing 1n§trugtibn in English will not
perforh '‘significantly better on science competency measures than

bty )

thogﬁisuﬁjects exposed to.b1lingua] (Spanish and English)

instruction when the scientific content is unicultural in nature.
- | »

514
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d 3. Subjects experiencing instructjon.{n Spanish will not
perform significant]y better on science competency measures than
those subjects exposed to bilingual (Spanish ahd‘Eng]ish)
instruction when‘tpe scientific content’is unicufturé] in nature.
4, Congidering all the subjects within the study without
regard to treatment groups there will be no significant difference
Bétween the proportion of bi]ihgua] children preferring a
bilingual approach to science instruction when compared with the

~proportion of bilingual children ﬁreferring monolingual science

instguction.
f

DESIGN

To test the ;tated statistical hypofheses‘a 2 x 2
factorial design with complete replication Qas used to analyze the
science competencies of bilingual subjects. Language was one of
the independent variables and there we:i %wo levels* of thig
factor:* ©English and Sbanish. Sciencé content was the sécond.
independent variable ahd again there were two levels of this
%actor, the subordinate and superordinate science learning tasks.
The dependent variables were two competency measures of sciénce*

achievement and a language prefefence and attitude inventory.

: *Leyels--"Many experiments are concerned with the influ-
ence of two or more independent variables, usually called factors,
on a dependent variable. The number of ways in which a factor is
varied is called the number of levels of the factor." (Edwards,
1968) When referring to the independent variables, this nomen-
clature will be followed.
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‘There were four treatment** groups as €an be seen in Figurd 1.
Treatment Group One was instructed in Eng]ish only on both the
subordinate and superordinate units of science instruction.
Tﬁeatment.Group Tdo received initia]l(first level) instruction in
English and’fina1 (second level) instruction in Spanish. Treat-

ment Group Three received initial instruction in ‘Spanish and final

instruction in English. Treatment Group Four received instruction

in Spanish only on both the subordinate and superordinate un%{c of -

science instruction.

Figure 1
_Organization of Treatment Groups
T Initial Instruction

§ubordinate Science

" English Spanish
= (54 =
- o I : .11
v o = Treatment Group Treatment ‘Group
2 v g English-English Spanish-English
+ .3} ul
(7] +
= <
— =
. et £ .
— © () . II IV
e 5 E Treatment Group Treatment Group
T &5 3 English-Spanish Spanish-Spanish
| Q. wy
[} >
- un

Y

**Treatment--"Kith two or more factors each with two or
more levels, a treatment consists of a combination of one level
for each factor. When the treatments consist of all possible
different combinations of one level from each factor...the experi-
ment is described as a complete factorial experiment with equal
replication." (Edwards, 1968) When referring to treatments or
factorial designs this nomenclature will be followed.

06
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There were a total of 104 subjects in the study randomly
assigned with approximately equal numbers per treatment group

(See Table 1). */iw,
¥ Table 1 !

Distribution of Students in Treatment Groups

B UL T

Number of Students per Treatment

School : J

Treatmez; Treatment Treatment Treatment Total

1 2 3 4

School A 6 6 6 5 23
School 8 6 6 7 -~ 7 26
School C 6 6 . 6 6 24
School D 7 8 8 8 31
Total 25 26 27 26 - 104

The tréatment groups.were drawn from a population of figth grade
pupil; in four different schoo]s: Though several school districts.

| offered classrooms for the study, only those schools that had
bilingual education through the fifth grade were selected., A]so,=
the schools with the longest history of bilingual education
through the fifth grade were selected as opposed to those schools
with re]atjve]y new experience in bilingual education in the upper
elementary grades. Thus, four schools were selected for the study
and the fifth g}ade bilingual students within each of those schools

made up the population of investigative interest. When the class-

rooms were selected, the teachers in those classrooms were selected

| oy . ;°
i ‘v !
()9 i,
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as the instructors. No other method was used in selection of'the

teachers for the study. Randomization of subjects and treatments
was accomp11shed through use of ‘random number tab]es for each of

the schools participating -in the study.

Teacher Training

A teacher training program was 1hit1ated to fami]tarize
the instructors with the prohram and the intent of the study. In
additfon, teaeheh variability while not completely controlled was
assumed reduced by the training sequences shown in Figure 2 and
the assighment of each teacher to the instruction of the four

——treatment groups in their Eespeeti¥e—schooJe*__J1uLJZuuLunuﬂunq;——_—__T—
‘ participating in the study were bilingual. A11 teachers had
suffiicient command qf both the English and Spanish languages to
teajk both the introductory and final activities. The language
- proficiency of the teachers was estab]ishee by the statidcertify-
ing agency, the college from which the teacher graduated and the
directors of the bilingual projects. The ability of the teachers

to demonstrate competence in the sciencé activities was determined

by the investigator jn iqqividua] sessions with- the teachers. No
_dependent measure was tak:n‘of the teacher competency in science

other than having them demonstrate proficiehcy in the underlyiné

L 4

concepts and the individual competency measures. )

Research on Science--A Process Approach (AAAS, 1968) gave

‘eyidence that the amount of science a teacher had in college had

1ittle or no effect on the performance with Science--A Process

Approach materials or techniques. The evidence was taken from the

Q. ‘ | ) | 60 .
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many teachpr training projects throughout thg Uniﬁed States and
pi]ot programs in var1ous schools. The investigator assumed

these findings valid for the purpose of the study. The teachers'
ability to demonstpate the required competencies was verified-

throdgh the training sequence described in Figure 2.

Figure 2
Teacher Training Sequence
\

Step 1 Introduction

E=3

Exploration of Bilingual

Stepfzd_w__—science_Matenialsﬁrlf~

Training in
Step 3 Classroom Procedures

Simulation ofl
Step 4 Experiment

Discussion
Step 5 Teacher Questions

Training Sequence

The stuﬂy utilized a five stepiprocedpre in the training

of bilingual teachers.

Introduction. 'Ip step 1 the teachers were introduced to Science--

A Process Approach materials in general, in addition to those

appropriate to the fifth grade 1eve1 A minimum of one hour was
spent with the teacher in this endeavor and then the teachier was

allowed to explore the materials.

61
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Exploration of bilingual science materials. In step 2 the

'

teacher was allowed to explore the materials to be used in both
languages. The teachers were asked to take them home and go

A

over .them thoroughly. . AN

Training in classroom procedures. Step 3 was devoted to discuss-

. } v -
ing the specific processes, objective and sequencing of the

activities for the classroom. \

Simulation of experiment. In step 4 the teachers demonstrated to
the investigator the ability to conduct the science exefcises.
The—teachers utilized the.materials and protocol called for in the
science activities. These demonstrations were conducted,in %he

absence of students. ' . N

Discussion of teacher gquestions. After the activities were

completed, the investigator and teacher discussed any problems,
real and anticipated. . Questions were clarified on the data

collection -and the procedure of the experiment.

Training Activity .

A minimum of twelve hours with each teacher was Epent in
trainﬁng. This training was conducted during the teacher's
prepgraiion period and after schooi. During the actual imple-
mentation of the science activities, the investigator visited with
teachers and obseryed classroom activities. A11 the training
activities were carried out with individual teachers and not in

group situations. During each week over a five week period, the

62 | B
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investigator would spend the fir;t th days of.thé week with the
norihern schools, the third and'fourfh dayé witF‘the southern

schools and the fi%th day in analysis of the work Q_progress and[ﬂ
or in preﬁaratfon\for the next week. MOftgn, time{gi\;ﬁé~f1fth day‘
was spent with teachers, program directors and.un%versit&'personnel .

involved in. evaluation of the bi]ipgﬁal programs of investigative

%

interest.

Materials
The supplies and additional }itérature for the %nstructors,
including the ;equired Spanish tréns]ation, were ;fépared by the
investigator. To aid the instructor ipzﬁntroducing thg first
lesson, supplemental materials to distingufsh between observation
and inferences were provided by the investigator. Supplemental
‘literature was also provided by the investigator for’teacher use
only. These materials and literature were not used in classroom
:situations but used oﬁ]y by the teacher during training (see
Appendices A and B). The trans]atioq_pf English to vernacular
Spanish of instructional materials wag verified by prabtitioneé@
in bilingual education (fnstructors at the university levéﬁ, .
teachers and prdjeét pérsonne]) apd language specialists (Spanish~

language instructors and curiicu]um specialists).
’ EXPERIMENTAL TREATMENTS -

The experimental scheme is shown in Figure 3. The com-

petency measures relate to necessary prerequﬁsite learning of

63
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subordinate-superordinate content and processg§ as well as
féci1ity with both English and Spanish. Each subfect that was
included in?the study must have successfully completed the first
competency measure and demonstrated 80 percent acquisition of.

observable behavioral skills as suggested by Science--A Process

-

Approach (AAAS, 1968).

Science Content for Treatment Groups

Pl

A11 the treatment groups were instructed in two levels of

/ ,
science: one from Part D and one from Part E from Science--A

Process Approach. As ¢an be seen in Appendix C, the investigator

made .minor modifications in the materials. These materials were

judged appropriate by the developers of Science--A Protess

Approach for the proposed age and grade level. Process skills from

Science--A Process Approach, including Part D and Part E, are

arranged in a hierarchial order and the levels presented to the

subjects reflected that hierarchy.

The sequence chosen for investigation was Inferring from

Science--A Process Approach (see Appendix D). This particular

sequence occurs through several "Parts" which are units than can
approximate grade levels. Parts D and E were used in the study
because of their appropriateness for students in the fifth grade
who had not earlier participated in the activities in Science--A

Process Approach. In addition, Science--A Process Approach makes

a clear distinction between the\competencies required in Part D

and Part E.
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Exerc1ses in all eight of the basic processes are
included in Part D. Observing 18 is the final exercise in
the Observing process sequence, and only one or .two exercises
in the other basic processes will appear in later parts.
Thus, when the children have completed Part D, their competence
;SGS;I of the basic processes should be. at -4 high level (AAAS,

Y
P N VPPN £

T Y T

Part E requires an integration of earlier skills and greater

sophistication by the student.

Exercises in seven of the basic processes and four of the
integrated processes are included in Part E. The four intex -
grated processes--Contro]11ng Variables, Interpreting Data, - ..3-"-“
Formulat1ng Hypotheses, Defining Operationally--are introduced
- in this Part. Approximately 60 percent of the teaching time
is devoted to the integrated processes. There are two -
exercises each on Formulating Hypotheses and Defining
Operationally, and four exercises each on the other two
integrated processes. 7(AAAS 1968)

—_—

Subordinate and Superordinate Units

The subordlnate science content was based on a set of

activities from THE DISPLACEMENT OF WATER BY AIR :(SAPA, .Bart Do =i -e

Inferring 5, Section E) and required the students to construct
“inferences from observations and to test those.inferences. The

superordinate science content was based on INFERRING CONNECTION .

BATTERIES IN ELECTRIC CIRCUITS (SAPA, Part E, Inferr1ng 7,, Sect1on

A) ) Inferr1ng 6 was not included as it was hor1zonta1 to Inferr1ng

5 on the hierarchial chart (see Appendix D). The)new set of ST
activities in Part E provided a new situation for the student to
demonstrate the trausfer and elaboratiqp.of learning from onek )
centext to another and modiﬁ?ﬁng and'éeneraliziﬁg pr%br.lea?n1ng ,ﬁf{jl
experience to a more soph1sticated level. The new experaence W1th.'u
inference required &est1ng 1nferences and predicting future '
outcomes. \. T S ﬂ?fiﬁ?f?-ﬁ

. G G :_-.::. _:- .
’ . , .521K
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Sequence

As can be seen in Figure 3, after the initial treatment
(subordinate sc1ence), the students were adm1n1stered an individ-
ual competency measure (see Appendix E). .The 94 of 104 students
who successfully completed the first competency measure continued
to the second treatment. The students who did not meet criteria
wereoa]1owed to participate in the activities, but were not
included in the final analysis. Success was defined as attainment
of at ]east'QO percent of the specific task in the competency

measure as specified by Science--A Process Approach. The score on

the first dependent measure not only determined whether or not the

e s

individual’ would be a part of the final ana]ysls, but after the

-~
.o
-

.adm1n1strataon oﬁvthe first competency measure (dependent measure)

the factor1a1 des1gn required a one way analysis of variance. The

..... _.o

--~fnecessary data for the one way analysis of variance. In earlier
.studies, Wa1besser and Carter (1968) discussed the validity of the

competency measures as 1nstruments for determining success in

“.a

Sc1ence--A Process Approach _ . o .

;"”.1nf~' %

-7 AT? four treatment groups received 45 minutes of 1nstrucr
tlon on_ the same day Instruct1on days between schools d1ffered

s]1ght1y due to the. number of students in each of the schoois. The

-----

1nstruc€iona1 per1od covered a m1n1mum of 20 days, and the number

of act1vit1es covered was cons1stent from school to school, As

h
- “

‘f can “be seen in thore 4, when @ part1cu]ar act1v1ty W;Y being

presented, each treatment gPOUp at each schoo] received .the same

kR i.'*G/

%
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Figure 4
The Pooling of Treatment Groups
for Purposes of Instruction

P

L

Subordinate Science Instruction

Same Day

Science Activities

1st‘Hour Treatment Group Treatment Group
. -AND
I Il
"(English) (English)
2nd Hour Treatment Group Treatment Group
AND - '
III Iv
(Spanish) ‘(Spanish)
Superordinate Science Instruction
Same Day Science Activities
1st Hour . " Treatment Group Treatment Group
AND
. '“-‘“\1“*‘\_‘1 L I II
" (EngTish) T (English)
- -
2nd Hour Treatment Group Treatment Group
" - >~AND .
II T T—e IV

.(Spanish) ”\“w>\\{fﬁanisﬁ)

-~
R -

-~ -~
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set of activities. Additionally, in order not to differentiate in

5N
-

terms of time and quality between treatment groups in the same ™ . -

,slanguage groups, those that were to recejve their instruction in,
English were pooled and those who were to receive their }nstructmoh)
in Spanish were-pegled. The teacher, therefore, had to“teachﬁthe ’
lTesson twice (Spanish and'English) 1nstead of four times.' {he.
result was that the d1fferent treatment groups received the same ‘

procedure within the1r ass1gned~1anguage set.

K ) DEPENDENT MEASURES,

Competency Measures .

Evaluation instruments were designed by the authors of

Science--A Process Approach to measure performancé by students ‘on” °

the spec1f1c parts of the program. ‘These measures were‘calle& com-
petency measures, and mere prepared in.the form of separate tests,,
each to be administered after cOmp]etnon of a relevant section of
instruction For this study, the researcher chose two of these

measures, each corresponding, as spec1f1ed by Science--A Process

Approach, to ‘the selection of content used in the investigation.

For examp]é; in'this study the .two competency'measﬂres were admin-
istered to students who partjcipatég in the science activities. ‘
re]ated to Inferring 5 (e) from'Part D. and Inferving 7 (a), fromﬁgart

L 4
E of Sc1ence--A Process Approach (see Append1x C for a descr1pt1on

of these sect1ons) The ch11dren were allowed to answer quest1ons
- ‘ﬂ w 1
on the competency measure 1n the 1anguage of the1r chorde The

scoring on the competency measures was done by using a b1nom1a1

C 69 \s B
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scale: the performance of behavior is either acteptab]e‘or not
aceepteb1e: The teacher scored the first competency measure and.
the ihrestigator 'scored the second competency measure.
~ The competency measures are designed to sample the ettajn-

,ment‘of the objectives stated ht'the begihning of the exercises.
While the tasks on the competency measures are not duplicates.of the
.tasks in the activities, they are?sgmitar enough so that the stuuent
can‘app]y and generalize what ‘he has learned in the activities lead-
ing up to the tasks on the competency measures. The strategy is to
get the student to apply what he has 1earned in the science activ-
ities to new s1tuat1ons rather than using stra1ght recall or rote

B _memor1zat10n

Validity. The validity of the instruments or competency. measures

was assumed because Science--A’Process Approach stated that the

publishers had carefully tested the competency measures in their

‘tryout grbups over a three year- period. It was also this research-.,f"

Soer's oginiog that the competency measures used were relevant to the
Sl

a1nstruct1on under 1nvestIgation, and. therefore had sufficient

content va11d1ty to be,appropriate measures.

. Relijability. The investigator‘used the'Kuder-Richérdson Coefficient
Formula 21 (Ferguson, 1971) for determining the internal consistency

of the competency measures.

As can be seen in Table . 2, the first competency meas??e had

.

a reliability coefficient.of .12 and the second competency measure

Ll

had a reliability coefficient of .63. These results were lower

70 .- o
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bound approximations based on the overaf][group means and variances.
The low re]ia5i1ity coef%icient for the ?irst competency measure

was due to.the generally low total variance in the groups and the
numbér of itéms on the first competency measure. It should also be
recognized that a more djscriﬁinating test is needed,fbut the

nature of the individual administration of the competency measure
precludes the addition of sufficient items to iﬁﬁrease the relia-

*

bility. The students performed well, as Science--A Process Approach

expects them to; but it must also be recognized that the children
performed equally well in Spanish and in English.

The reliability coefficient for the second competency
measure indicated that “the éeasure as a whole tended to discrim- .-
inate among subjects. This Qends to support the selection of the

exercises from Science--A Process Approach as beindg in sequential

order because there is a considerable difference in the coeffi-

cients of the first and second dependent measures.

1 t

Table 2

Kuder-Richardson Coefficient Formula 21
for Each Administration of Each Competency Measure

Number
_ N of Items r
First Competency 104 5 12
Measure
Second Competency 1 . 94 13 - .63
Measure

¥ .
. ('3

" Language Preference and Attitude ‘Inventory

At the end of the finalxinst}hctional‘sequence a limited

“ .
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response inventory was administered, to the students. The ]angeage
-preference_and attitude inventdry consisted of_fifteen questions
and was directly related to the science activities and e]assrooﬁ
environment in general. Content validity was assumed by the
investigator based on question types utilized .in other attitude
and language preference inventories except that the inventory was
bi]inéua] in nature. Fourteen of the questions were of the 1imfted
. response type; i.e., A or Bor C, and the fifteenth was an open-
ended question for the students to fill in.‘ The inventory was' -
administered ie English and Spanish (see Appendix G). The group
that had final fnstructieniin Ené]ish received tﬁe English version
of the inventory and the subjects that received final instruction
in Spanish received the inventory in Spaﬁish. The rationale for
the Spanish and English inventory was to detéct if bilingual
education and the science activities had any relation to the

students' answers.
~-'RELATIONSHIP OF DESIGN TO HYPOTHESES'

-The design set up an experiment that would enable ehe
1nvest1gator to test the stated hypothesis of.transfér of ]earn1ng
science content in language comp]exes and. lLanguage dom1nance in -
learning. The exper1ment had bu1]t 1n controls.relat1ve to Treat-
ment Group Two (English-Spanish) afhd Ireatment Group Three (Span1sh-
Eﬁelish); Treatment Group One (Eng]ishrEng1ish) and Treatment Group

Four (Spenish-Spaniéh) act as controls in this respect.

~

S T

-
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Treatment Group One

Treatment Group Qne, in the design, received t&ta]
instruction in English. Thiéxgrbup'QAperformance when compared
with the other three groups should indicate whether or not .
subjects instructed in English performed significantly better on
science content and ﬁrocess skills. All groups—gere minima]!y
bilingual as determined by the teacher and had participg;ggwjn
bilingual education for at least four years prior t6“;ﬁe stddy.
Because the population selected for study was heterogeneous when
language and academic skills were examined, there was equal chance
to demonstrate thaf*the Eng]1sh 1nstruct1on 1s superior to other
types of instruction w1th1n the parameters of the study. A
s1gn1f1cant difference in favor of the Eng]1sh-Eng1lsh treatment
as opposed to Eng]ish-Spaﬁﬁ;h;‘Sbanjgh-Eng]ish: and Spanish-

' “Spanish would indicate that, at fﬁis particular grade level,
within the limitations of the study-and design, English might be,
the preferred method of instruction for unicultural scienc§

content.

Treatment Group: Two

ZT ’ Treatment Group Two had EngT1sh instruction first and
19pan1sh second. This.enabled ‘an examination of subordinate-
superord1nate learning when first instruction is in Eng]1sh and
second in Spanish While this would be the ‘case for other treat-
ment groups, it becamngore critical when the ]anguage of instruc-
tion as well as the é{éence context is changed. Assuming that

the instﬁucfors were competent following training, success on

73
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both the first and second. competency measureé mouid indicate tnqt
the transfer effect hypothesized js dorreet because the first and
second competency measures are the dependent measures for the
ana]ys1s The degree of success of Treetment'Group Two en the
second competency measure a]]owed a compar1son to be made with
the—other treatment,groyps. A sign1f1cant d1fference in perfor-
mance by Treatment;Group Two would euggest that this is the most
appropriate instructione1 sequence of the groups. Failure to
succeed or a poor performance, in terms of degrees of success,
would lead to the conclusion that thts mode of instruction is not
as desirable as that in those treatment groups showing superior
performance. Because:this particular treatment group had the
language of instruction changed (Eng]1sh t6 Span1sh) from sub-
ord1nate to superord1nate levels and because the treatment is
language dependent, the results would also lead the investigator
to conclude that”the transfer effect is only minima11y successfu1
and other contingencies must be taken into aceount: It might be
that repetition of instruction in both languages or’in one
language 1is necessary and that the subjects are expressing a

language preference.

Treatment Group Three

Treatment Group Three, Spanish—Eng1isn, wasrthe inverse of
Treatment Gronp Two in the sequence of language, Treetment Group
Three had Spanish instruction first and English instruction
second. Super%or'performance by Treatment Group Three would

indicate that.the transfer of learning science processes and

.74
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content has occurred in relation to the Spanish-English sequence.
The degree of success on the second dependent measure would allow
the investigator to“'state that this is the preferred method of

instruction. Failure to achieve success would result in the same,

‘a 3

Treatment Group Four

Treatment Greup Four, like Treatmerit Group One, was
instructed in only one language. Treatment GroupiFeur was
instructed in Spaniéh which would enable the group to;demonstrate
a preference for or difficulty in this type’of instruction when

compared with the other three groups. A significant'difference in

.
. .
Ty UV T TN P

Y

favor of the Spanish-Spanish treatment as opposed to:énglishf y
Spanish, Spanish-English, Eng]ish-Eng]ish WOule‘indicate~that at
this particular grade level, within the ]imitations of the study
and design, Spanish m1ght be the preferred method of 1nstruct1on

'}
for unicultural science content.

LIMfTATIONS}

Most researohers that initiate a study 1n bilingual

°

educat1on find themse]ves in the uncomfortab]e position of cross-
ing many disc1p11nes._ This becomes of 1ncreasing concern when the
researcher is interested 1n a partlcu?ar d1sc1p11ne, as was, the
case with thls study.- This researcher S 1nterest 11es in
bilingual science education. The 1nvestlgat]ve protlems
1mmed1ate]& surfaced: Would the 11ngu1st1c aspects be adequately

dealt with? WOu]d there be a c]ear line of demarcation ‘between

75
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4

science education and linguistic concerns? Would there be an
adequate treatment of language and cognition? Certainly there

were other questions that could be asked of a study of this

‘nature, but a caveat must be interjected at this point, Thi§

study did not attempt to exhaust the study of biiinguglism and
the learning of science. " ,

This study was an attemﬁt to add a small but‘significant
bit of information to an area that is much like a sleeping giant.
Sometimes it is better to get an accurate profile of the dimensions
of a field of study in order to place an idea into proper per-

spective, and sometimes we can learn a lot by taking a small core

Lack of controJ\of factors that vary systematically with

the experimental treatments provide a threat to the validity of

the study. Limitations included:

1. Geographic location of schools. As noted earlier,
not only were there 400 miles of separation between the northern
and southern schools, but differences in the location of the
schools within the towns themselves. Additionally, the southern
schools were closer to Mexico (45 miles) while the northern
schoé]s were located in areas that had had permanent residents

for several generations. . . .

2. School enyironments. The school buildings and
personnel were quite different. For example, some schools had
Anglo principals and some had Chicano principals. The classrooms

varied from school to school. Some classrooms were self-contained,

70
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with running water while others had no running water or were not

N |
self-contained. Some of the classrooms were permanent parts of

the school building and others were temporary units.
3. Teacher differences. Teachers differed in age and

tenure. Their teaching experience ranged from one year to beyond

—

seven years. Teaching experience Qith bilingual education
followed much the same pattern. Preparation ranged from Bachelors
to Masters degrees. There were three female and one male Eeacherl
4. Homogeneity gg-subjepts. Sgudenté differed in home
environments. Some studénts came from rural farms and were bussed

to school and others lived in town within walking distance of
o ‘ ‘

the school. Some students had more exposuré to media (ranib,

television, newspapers, movies) than other students. The 1anguagg

of the home varied from those that had total communication in

Spanish to those that used conSiderabie English.

The 1ist of limitations mentioned is not exhaustive but is

included to indicate that the invéstigator was keenly aware of

existing circumstances.

~




Chapter 4

.
Lt

ANALYSIS OF DATA

gIn this chapter the analysis of data and statement of
findings are grouped according to statistical hypdfhesis. Three
of the null hypotheses were tested by the analysis of variance

(Edwards, 1968) and one by use of Fattu's Nomograph (1939). 1In

all tests Alpha was set at 0.05.
INSTRUCTION IN SUBORDINATE SCIENCE ACTIVITIES

There were 104 subjects in the study, as caﬁ be seen in.
Table 3, divided approximately equq]]y in;o four treatment 7
groups. Table 3 also shows the number of subjects per treatment
per school and indicates that there were nine subjects which did
not meet the 80 percent criferion level established and were
eliminated from the study. There was no trend nor sigpificant
difference established concerning which language treatment had
. the greatest attrition (see Appendix H for raw scores). The
English-English treatment had the same mean attrition as did the
Spanish-Spanish freatmént. One successful subject from School
‘B dropped from the study. This reduced the N of 95 to 94
students who successfu]ﬁy met the competencies required by thé
science activities related to "Inferring 5" from Part D of"-

Science--A Process Approach and who participated.
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The ana]ys1s 1nd1¢ated that the major1ty of students had

‘acqu1red and demonstrated the campetenc1es requ1red by the et

dependent measure for the subord1nate $c1ence act1v1t1es and were~

ready for the second set ‘of science activft1es at the super-kz~5‘i.

RN

. -
¢ NS

INSTRUCTION m',suPERORDI'NATE sc"I-E;'ﬁc'E "Acr_.lr-'vmss

Table 4 presents means and standard deviat1ons for each ;

of the four treatments grouped accord1ng to schoo] The data

_1nd1cates that there was 11tt1e varlat1on among or within schools

and the standard error 1nd1cates that the means were accurate

est1mates of the parametersA The'dev1at1ons about the mean were

- ’.'/-

P

e .j’«';.-'}'(,-'s'"%p:;j'rISTICAL ANALYSIS

/

Tab]e 5 shows the sums of the means of treatment groups and

.the sums of the means of schoo]s Present1ng the means as single

g observat1ons as dep1cted in Tab1e 5 a]]ows the 1nvest1gator to

(o

conduct the ana]ys1s when there were unequal N s (Edwards, 1968)

,4

. The ana]ysis-of variance using means as singlé observations is

shown in Table 6.

N -
. o /
:
.
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Table 4
’ Means and Standard Deviations on Second
Competency Measure by Schools «
. Dependent Standard Standard
-.School A * Variable N Mean Deviation Error
Group I 1 6 10.167 1.169 477
Group II 1 4 9.500 2.082 . 1.040
" group 1T 1 4 9.750 1.708 .854
Group IV 1 5 8.800 1.789 .800
School B
Group I 1 6 13.000 .000 .000
Group II 1 6 12.833 .408 © 167
Group III- 1 5 12.800 .447 .200
Group IV 1 6 13.000 .000 .000
School C
Group I 1 6. 12.333 - .817 .333
Group II 1 "5 12.200 447 .200
_Group III N 6 11.000°  2.608 .. 1.065
Group IV © 6 12.167 .408 167
School D
Group I 1 "6 12.167 .753 .307
Group II 1 8 12.500 .535 .189
Group III o 8 12,375 .518 .183
Group IV 1 7  12.429 .535 .202

81
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Table 5

Summary of Treatment Group Means by School

-

Group . Group Graup Group Sum of Means
1 2 3 . 4 \
School A 10.167 - 9.500 9.750 8.800 38.217
School B 13.000  12.833  12.800  13.000 51.633
School ¢  12.333  12.200  11.000  12.167 47.700
School.D  12.167  12.500  12.375  12.429 49.471
47.667  47.033  45.925  46.396 . 186.021

In the estimation of variance and experimental error a

correction factor is attached to the within treatment mean square,

MS :
W 2 - 2 .
SS, =X +Zx +Zx + ... +8x = 90.370
W % 3 "l '
df =g (n-1) = 78 '
MS, = 1.159 ' A

The correction is 2
K

c = T/kii]/nk =-1/16(1/6 + 1/4 + 1/4 + ... + 1/7) = 0.177
.‘ N f

and the estimation of the variance becomes

’ cMSw = 1/k£§_1/nk~MSw = (1.159) (0.177) = 0.205

LF
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f . . . IR

Continuing with the sum of squares besed'on the data contained in - .

S T S

. o S
Table 5: , 7 )i
- 2 . 2 2 - S |
Ce}l = (10.170)° + (9.500)° + (9.750)° +;... + (12.429)% - © ;
. H ‘i
(187)2 = 293417 l
16 ‘ o .
Schools = (38.217)2 £ (51.633)2° + Lt
‘ § 4 ! " o
(49.470)2 - (187)% = -
4 ) C 16 _ ¢ 4 '\
Treatments = (47.670)° +  (47.030)% .+ (45.930)2 &
7 o B e
" - s ” . ’ {“ ¢ ‘é‘ " ’c‘
(46.400)2 - 7oasn)? = 130/ 4, L <
o e e S S
Séhoq] X Treatments = Cells - Schools - Tredtmengs L e
3 . . . He T ,'ol
= 29.417.- 26.629 - 1.130 = 1.658 , / ... ]
. ‘ - ; S .‘» | . 2
* . . - : c v
Schoé]s , /' : » ‘
In re?erence to Table 6, the ana]ySIé o¥ var1amce shoWs l » J
that there 1s a significant F for schoo]s / ;-..;w; =, _'J
. . B ’ // . :‘; .:.}J.
- . oo . Table 6 /’ X ) - '
T ’ Ana]ys1s of Varlance for A]T Treatment Groups\
) , an the Second Competency Measure'-
' . . 'h.‘ ) : - " q/" . . i K \
Source of Variation " Sum of Squaresr d.f. Mean Square "= F
Schools 26.629" 37 .8.876 43.384*
Treatment Groups S1.130 0 3y - 0.377 0 1.84]
School\ X Treatment - 1.658 g 9 . 0.184 ~0.901
: . b N ) ' " ’ ‘
Residuay_ (error) . . 90,370 ‘78 0.205
*Significant at 0.05 T - ; .
. '.:’ N A s N *
G o« L ; 83 ‘ T
B k ' ‘ M. g e
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’To be significant, F,(.Os) had to be greater thyn”2.720. »The
. ya]ue of F was calculated to be 43.384 which is'highfy signiff—
cant influenced primarily by‘Schbo1 A. Other,socio-demograghic
variables as noted in limi;afidhs may‘havejnf;uenced the
signifi;an§ F, but these variéb]es wgre‘no§ sﬁatisfica]ly
investigated. The significant F wé§ expected s}qce thé 2 X 2
.- factorial design ca]]ed for comp]et;’replication;.iﬁ'féu}t‘.: """"

different schools. The statistic indicates that the schools

_ differ in overall level of performance.

A
N -

- . ‘&: )
_Treatment Groups

-

"*"%.The calculated value for F shoyéd there was no significant
N 9i¥ference Between t;ea¢ment grpups'iﬁ the four schools. To be .
.\ signifiqanf F (.05) hgd‘fo be Qﬁéater éhan 2.720. The‘fa]culafed
value of F was 1.841 which .did mot approach signiftc&ncg}
4~ S ‘ :

LY
~
[ -

Interactions

.

n .. 4 - - . - ¢ .
\EV// oo 'The .calculated value for F showed there was no significant,

intgractibn when schoofs were crossed with treatments. :To bg
, s?gnificant, F (.05) had to be greater,than 1.990. ‘The valué of

. . ~ : . .
F was calculated to be 0.901 which did’ not approach significance.

o . S - STATISTICAL HYPOTHESES
o K > $ .
- Hypothesis One ) - , o ' ' o

-

Subjects experiencing inSteuctjon in Spanish will not
perform significant]y better on science competency measures than

thase subjects exposed .to English instruction when the scien-
| ) tific content is Unicultural in pature. ! .

84
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‘ 2 . . . - . h‘ . -
. .This.hypothesis as stated~in.the null- form was accepted as

’

o .
“

‘. :
there was no»signifiqgn?_d;}ference bétwéen aﬁy'df tﬂe,tteétment
grodps (see Table 6)..’If Was cohc]uded‘tﬁat'bf]ingh#],subjects
havihg‘fbtal insiruction in;SpanisH performed ho_bettér on thé
SC%ence.competency measures than thbsé bilingual:kgbjecté
instruc?ed bi]ingﬁa]]y<in,5panj§h and Englishs - They é]so per{
formed no better than bjﬁingua] subjects who reéeived their tdtal

instruction in English.

Hypothesis Two

S Subjects experiencing instruction in English will not
perform significantly better on science competency measures
than those subjects exposed to bilingual (Spanish and English)
instruction when the scientific content is unicultural in
nature. )

This hypothesfs as stated iq the null form was accepted as
there was no significant difference between any of the tréafment
groups ('see .Table 6). It was concluded that bi]ingugl'subjects
having tgtal {nstruction in Ené]ish performed no better on the
‘ scignce competency measures than those bilingual subjeets
instructed bilingually. in Spanish and English. They also per-

formed no better than bilingual subjects who reqeived their

total instruction in°Spanish. <
, ; .
Hypothesi Ih - £ CE )
othesis IThree IR Lt
YP . :"fﬁ:ﬁ&t ”ﬁf;é‘”*ﬂ |

Subjects expérﬁgﬁéﬁnggibﬁtruction in Spanish will not"

perform significantiyp.better on science competency measures -

S

rd
, .

-

TP A

. than .those "subjects .xposed to~bilingual (Spanish and Eng]ish)ﬁrt~

instruction when, the-scientific content is unicultural in’
nature. . - N .

. \‘; 8:" » . ? o - N T P
» Q) - ) -

«

M . .
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Thfgqhypofhesis as stated in tne,null fonm wasrgg;Zpted es

" there was-no significant difference between any of the, treatment

l greups gsee Tab]e.G). It was cone1uded thatfbf]inguai subjeces
having total instruction in Spanish perforned no better on the
scienee combetency measures than those bilingual sub}ects 1nstnuctea
bilingually in Spanish®and English. fhey also perforned no better

than bilingual subjects who received their total instruction in

English.

Hypothesis Four

Cons1der1ng all the subjects within the study without
regard to treatment groups there will be no significant differ-
ence between the proport1on of bilingual children preferring a
b1]1ngua] approach to science instruction when. compared with the
proportion of bilingual children preferring mono]1ngua] science
instruction. .
- ¥
~ The null hypothesis associated with statistical Hypothesis
_Four was rejected. This was accomplishedﬁby using two statistical ——

methods: .Fattu's Nomggquh}(]939) and the binomial distribution.

As a result of these two statistical procedures, it was found that

lhere wae a)significant difference, at the ;05 leve®, in favor of
the bilingual environment. | ‘ ‘

There were fourteen items analyzed on the Language Preference
and Attitude Inventory, three items (1, 3, 8) related 'to the value
and difficu]ty of the sc1ence activities, and e]even items (2, 4, 52
6, 7, 9, 10, 11, ]2, 13 ‘]4) pertained d1rect]y to a ]anguage
environment. The students chose a b111ngua] environment on ten of

the eleven items, render1ng this stat1st1ca]]y significant, See

T U T T Y Yo

Append1x I for an ana]y$1§lby item.- The statistical significance
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7wasﬂaccompiished by‘summing percentages of A and B against C using

Fattu's Nomograph (1939) and then testing the hypothesis by the

binomial diétribution. Except fdr those students apsent, all
studenté,”inc1udfng those.unsuQEessfu1 on the first competency
measare, were adm{nistered the Inventory.

. The analysis_of each of the items on the Language Prefer-
ence and Attitude Inventory was accomp11shed by computing abso1ute
.and re]ative frequencies on each item on the Inventory. Each

frequency was then analyzed by using Fattu s Nomograph (1939) for

testing the s1gn1f1cance of the d1ﬁference between percentages.
Table 7 presents th1s d1str1but1on and ana1ysis

The questions on the Inventory are interre1ated and are -«
directed toward the experience that the ch11dren had with the
science exercises. The quest1ons also re1ate ‘on a more general
”ba;ie.to the chi1dren's overa11 reaction to bi]tngua1 education.

To simplify the interpretation of the Inventory, the questions are

classified into three categories as follows:

’
t ‘e

Attitude toward science instruction Inc1uded 1n this category/

‘were five questions dea11ng with science 1nstruct1qn and students'

R

o . . . .
L N . \ N . . .;..\_

PR T . DYy

attitude toward that instruction. . ': ; ; N ~ -;;¢.. .
1. I feel the science act1v1t1es.Me dzd in c]ass the 1ast jﬁi
two weeks were: W ) e Lo e e
' : . -"".' MR
A. Very difficult for-me to wngerstamd S ST
B. Sometimes easy for me to mnderstand and somet1mesafd’ .
not easy to understand |, * ¢ S A e
C. Clear and- easy for me to understand,\ v gﬁ [; fﬂhf"”
2. I think that I can’ 1earn scienceobetter whénart Ag e
‘ taught in: . ; S Sl ;”d"'P;
A. SpaniSh ‘.\ , :-';% - E\t\' '\:': - - o K
B. English A LA e
C. both Spanish and Eng11sh o R RN
"“""5""?‘ P :-","' ‘ ;."zt 2 & ',:’ AT
87. o L FEmRe g AT

,‘. .t ..x:“.“\o; . e . Rl
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- Table 7
_Frequencies and Percentages

ifgr the Language Preference

.
.

and Attitude Inventory

Percentage of N answéring Significance
Choice Choice Choice o
Question | N* A A C  |AvB AVC BVC [A+ByC**
. 101 7 57 36 - |.01 .01° .05
2 1o 7 31 62 .01 .01 .01 | .05
3 101 3 20 S & AR I} Y Y B
4 101 |7 24 69 .01 .01 .01 | .05 )
) 5 [101 | 7 30 63 |.01 .01 .01 .05
6 |10 8 14 78 NS .01 .01 | .05
7 101 i} 18 7 NS .01 .01+ .05
g [101 5 33 62 '{.01 .01 .01
g 101 12 8 ., 80 Ns .01 .01 | .05 |
10 101 18 44 39 .05 .01 .01
11 101 14 26 .60 |.01 .01 .01 [ .05 .
12 101 TR T .01 ..0f 01| .06 k
13 [101 7| 5 12 83 | NS .01 01| .05 =
IEE R I I ) 59 .01 .01 .01 .05

S : ) ] .
*The N ref]ects the total ;:;;;;“Bv students available when the

Inventory was adminwstered

**In the bi]ingual category Choite C was selected {in ten out of
eleven possib]e 1tems
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3. The way science activites were presented in our c]ass
the last two weeks was: .

A. of 1ittle or no value to me
B. of some value to me
C. of great value to me

-

8. The ]anguage that the teacher used -in explaining our.
science activities was:

A.- not very understandable
B. sometimes understandable
C. almost always clear and understandab]e

11. I think the science activities were more 1nterest1ng
when the students talked in:

A. Spanish
B. English
C. both Spanish and English

3

~

In summary, the students' overe11vreaction was that the
sctence ectivities were challenging but were.neither too easy nor
too difficult. The pupils also inoiéated_that they preferred .
_bi]inoua] instruction and felt thdt the‘know]edoe gained was of
great value. The $tudents thought tha the\teacher's exoTanations
and instructions were clear and teft tha‘ the act1v1t1es were more

1nterest1ng when the,students conversed 1n both Eng]ish and Spanish.
-

R

Preference and attitude regarding#the instructional environment.

N, / .
Th1s category conveys the students expressed preference and’ , X
. Tt
attitude regard1ng the 1nstruct1op environment S

4. 1 fee] better when the teacher ta]ks in: 7 -
A.s Spanish

-B. -English - ‘
. 4 C.. both Spanish and Eng]lsh - ) S
6. I -think-we should use more;- | }M-f : o -
- "A.” Spanish materials. in.class - " to ;_’
* ° B, English-materdials ip class : & )

C.. materials using both the English and Span1sh'
]anguage . o . .
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®

7. 1 th1nk the scnbo] should offer more subJects in:

. Spanish
. English
.~ both *Spanish and English

A
B
) C
12. 1 feel better when our lessons are in:
A
B
C

N »
[y -

%& Engl¥sh . , .
. both Spanish and English o .

14, I amable to pay attention better to the c]ass work
when the"instruction is ing .

£

' A.. Spanish . °y
~ B. English .
c. “\both Spanish and Eng]ish/ F; )

The. students expressed the%opinlon that they preferred ‘the
~teacher to speak bi]1ngua]1y and tne need for more bi]ingua]
materia]s. The students a]so ‘expressed a desire to have more

subJects_or dqsc1p]1nes taught . bi]ingua]]y The students fe]t
better when,the 1nstruction was bilingual and fe]t that they
7 0

attended more to lessdns ‘Wwhen they were conducted bi]inguai]y

-

H -

" Attitude about b11fngua] education in general. This category

~

inditated the. students expressed op1nion about bi]ingua] education

in general. . o é:i

. 5. 1 tike to spedk: e

A. Spanish in class ' ) b
B. English in class .
.. both Spanish and Eng]ish in class

-

i.'w 9. "I believe sch/gl is more 1nterest1ng when:

A. the teacher teaches 1n Spanish
‘ B. the teacher teaches in English
C. the teacher teaches in English and Spanish

’ 10. when I explarﬂff”meth1ng I can do it better using:

o A. <“Spanish ~
S : PO -f Yok I K '
T ' CL Spanish sometimes'and English sometimes

L
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“13. If I had my choice I.would go to a school where:
A. only Spanish is.used ip the classroom ;

x. B. only English is used in the classroom
‘C. both English and Spanish are used in the classroom
The'students indicated that they preferred to speak both

Eng]1sh and Spanish in class, but fe]t that they. could express
themse]ves better in Eng]ish. A possible exp]anation is that the
dominant language outside the home is English which is reflected in
the media. fhey believed that,sehool was more interesting when
teachers were bilingual and preferred to go to a bilingual school.
Eip]ication of the Inventogy Table 7 presents the frequencies and
percentages for responses to.each of\the duest1ons and the ]eve] of

Appendix G presents the

significance attached -to each question.

~questions in the order ih which they appear in the Inventory. The

‘questions are shown in.both Endlish and Spanish, although as can be

seen in Appendix G the English and Spanish Inventories are separate.

Appendix I presents the analysis of the questions allowing a compar-

ison to be made between .each question and the s1gn1f1cance attached

’ . N o

to it. ’ g : &

LT R - SUMMARY

‘. -

The ana]ys1s of data 1nd1cates that there wa's no sign1fi-
cant d1fference between treatment groups. There was a between -s
schoe4 d{jjerence but this d}fference is norma]]y expected when

«us1ng several schoo]s tn ¢ study such as thxs. The students did

.‘1nd1cate a preference for bil!ngual 1nstruct1on and for an env1ron-

.ment that ref1ected both the Spanish and Eng]ish 1anguages.

PEEI




“to investigaté the transfer of learning science content and process

~ for at least four years prior to the study. The students were

P VT WU 1

’\ . S : -

Chapter 5 T -

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

SUMMARY AND CONCLUSIONS -~

Summary P

¥

The purpose of this study was to determine if single -
language instruction was any more efficacious than bilingual

instruction in a science context. A main concern of the study was

skills from one language to another. Addi@iona]]y, information was

sought on the students' rea;tion %q B%]ingua] science instruction.
,  The study. involved 104 fifth grade children from four-

different schools in New Mexico that had had bilingual education

randomly assigned to one of four treatment groups at each of the

,
T

four scﬁools: Ther?our treatment grou®s were instructed in A
subordﬁnate and suﬁerordinate units of science.
Treatment' I (English-English): This, group was instfucted —
in English only on both the.initial qﬁd fihaL
~units pf science insfruc}ioﬁw o :e
Treatment, IT (English-Spanish): Thisjgreap received . o
T initial instruction in Eng]1sh and flnal
\ v g instruction™in Span1sh " e '1i§‘x;
Treatment III (Span1sh-Eng]ish) Th1s group receiVedﬁ
= fi#ﬁ - initial instruet1on ih Spanlsh and fina]

instrwctionvin Englxsh“f“f
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|
|
Treatment IV (Spanish-Spanish): This.group received
instruction in Spanish only on both the
subordinate and superordinate units of science
instruction.
e When the classrooms were se]ected, the teachers in each of
g

the study. Thus, each bilingual teacher was respons1b1e fo ?our"
." AN ﬁ

treatment groups within his/her schoo] with equa] rep11cat1ons in ij

the four schoo]s were naturally selected as the instructors for

"v
e

each schoo]

Prior to instruction all teachers were trained in the use
.and presentation of the selected science units. This training
program was initiated to- familiarize the instructors w%th the
program and thzfdntent of the study. In addition, teacher vari-

“

ability while not completely controlled was assumed reduced by
the‘training program. ‘

. Three dependent measures were adm1nistered to the
studenfs. The f1rst dépendent measure samp]ed the student perfor-
mance din initial science instruction. This measure was adm1n1stered_
1mmed1ate]y after 1nstruct1on in the subord1nate science act1v1t1es,
and each child took the individual competency measure. ~ The
stude é was requ1red to score correctly on at 1east 80 percent of
the mz&sure to meet criter1on The second dependent measure
samp]ed the student performance on the“f1na1 set of science

activities. This méasure was also adm1n1stered ind1v1dua]1y and

immediately upon comp]etlon of all-activities in the anit. )u_‘~;%
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Both the initial and final activities in science were

taken from a set of exercises from Science--A Process Approach.

The third dependent measure was admfn}stered to all
students to measure student'fenguage preference and attitude
toward science instruction. This measure‘was"adminjstered after
completion ef both science activities and was adninistered in both

English and Spanish.

Findings
The analysis of data and statement of findings are

grouped according to statistical hypotheses. Three of the null

hypotheses were tested by Fhe analysis of variance and one by use

of Fattu's Nomograph In/al] tests, A]pha was set at .05.

1. There were no/ s1gn1f1cant d1fferences among treatment
groups and 1# was concluded that subjec;e exper1enc1ng‘

' instruction in Spanish did not perform significantly
better than other treetment groups. Thus, the null
hypothesis was accepted. .

2. 'Subjects experiencing instruction in Eng]1sh did not

perform significantly better than other treatment

groups. .

TS

'3. Students instructed in Spanish performed no better on
dependent meaeres than those instructed bilingually.
4. The students showed a statistical preference for a

bi]1ngua1 environment as opposed to a monolingual

: tfenv1ronment This was significant at the .05 level.
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-expected to demonstrate learning abili

Conclusions

The major finding of the -study was that there was no

significant difference between treatment groups receiving instruc-

.tion bilingually or having instruction¥in a single language. The.

«{ students receiving total instruction in English did no better on

,

the dependent meashres|than those students receiving total
."

@ -

instruetigh in‘Spanish,pand students receiving instruction in both

- Spanish and English performed just as wel] as those instructed in

a single language.
The. dafa'in this ekperiment indicate that the students

have reached a 1eve1 of language f]uency and competency which

AY

a]]ows sc1ence instruction in e1ther Span1sh or Eng]1sh and can be

/1es equa]]y we]] in both -

languages. Thus, b111ngua].ch1]dren in this study in the flfth

.grade, after having beenlj/ﬁtiucted bifingua]]y for four years:

prior to the study, can -perform on specific ]earn1ng tasks as ‘well
in. Spanish as in English. This finding tends to support one oﬁ ’
the underlying assumptions of bilingual education: that is, by

1

using the Hanguage'that the child is more familiar with will
facilitate his qognitiVe/aeademic development anq:byfincrementing
instruction in the weaker ]anguage it is'expected that, after a
period of t1me, there wi]] be equdl fac111ty in ]earn1ng through
the use of both ]anguages regard]ess of subJect matter or conteht
There are ‘other possibile pertlnent 1nterpretations that

mjght be drawn from these f1nd1ngs. For examp]e, it might be

, conc]uded that these results stemmed from. the teachers teach1ng

95 . o S
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, was_not statistically tested.
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for tﬁe test..  This investigator judges .that tﬁis interpretation
is not likely, based on the training ﬁrocedures employed, his
careful monitoring of‘both the teaching and testing conditions,
and his judgmeht of the teachers' own professional conduct.
Further, this interprefation could bé tested on]y"by
employing eit r.a;dif¥erqnt curriculum not solétructured, or by“
'uéing criterion measures éomp]ete]y 1ndgpendent'of the .curriculum.

-

Because Science--A Process Approach is designed to foster

'success, this could account for the relative lack of difference

<« 4

in the performance of the‘chilargn. However, this conclusion

~ay !

The s%udgnts preferred a bi{Qngua] environment as opposed

to a mono]inéda] énvironm;nt: " o T oo
.Theré wegg other ouf;omés of the study that arg,direétly
related- to bi]ingua] edukafion. Tﬁe fjrgt is support for the idea-
that the B%ﬁingua] teacher does -not have to repeat the 1e§son
verbatim in both ]angqages for,students and the s?cond'is that the
experihenta] design doés provide a measure for the classroom
teacher to investigate 1apguage dominancg in bilingqual children.
Thelteacher éhould be able to judge the extenf that children have

moved toward the postuTated equal facility in learning regardless

of language gf instruction.

RECOMMENDATIONS ~°

!

Rec%hhehdationS"for'Further Resédrchxf

'This.study on bilingual scienge education does carry with -
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it implications for Further refinement and research. "Some of the

recommendations may help 'in the development of such a research

<

endeavor.

/ .
ExtenSion of the study In investigating and eva]uating bilingual

programs, a continuous effort to seek those schoo]s that reflect

rura]kand metropolitan areas\separate 1d be made. Studies

that/are‘conducted in large

Yo

rural situations, notwithstanding the geographic areas. Nonethe-

olitan areds are seldom valid in

less, much information genérated from studies in Wetropolitan

.areas have been extrabo]ated to the rural classroom. Information

needs to be generated in as many bilingual school environments

~

as possible.

-. Additional process skills. Science exercises in this study were

taken f;om Part D and Part E from Science--A Process Approach.
The set of ekercises centered aroond the basic science process
skills of observing, inferring, and predicting. These activities
are 1isted as part of the basic. process skills. The experiment
could be carried out over a period of a year, uti]iZing some of

the integrated process skills from Science--A Process Approach

-

which requires a greater sophistication on the part of the student.

One indication from the study was that the students performed

rather equally across groups; the integrated'process skills might
serve to statisticaliy distinguish between treatment groups.
X Bi]ingua] programs in schools deve]op horizontally,

vertica]]y, or a combination of these two methods Horizontally,

97-
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they start bi]ingua] instruction in'a partjcular grade in a school
and~expand it to other schoo]s: Qertica]]yﬁ the. bilingual programs
continually add a grade level each year; for example, if they

start with the first grade in a school, the next year the program

would include the second grade. A combination of these approaches

. is found in bilingual programs. As a recommendation for further

research a greater number of classrooms might be 1nc1uded and a

vert1ca1 arrangement of the selected c]assrooms rang1ng in
exercises from the basic process skills through the integrated

skills. .

Additional depenoent measures. The dependent measures vere
administered immediate]ytupon completion of the‘several activities.
in a partico?;r exercise.\.Although the testing of individuals -
might take\several days the results gave indicattons(bf the
immediate retention effects. Perhaps a measure should be made

a week or two or longer after instruction. This situation woqid
allow for a delayed measure- of learning in addition to the

immediate retention effects.

- S
Language preference and attitude. The Language Preference and

Attitude Inventory should incjude a larger number of jtems/in
categories of attitude toward science instruction, preference and

attitude regard1ng the instructional env1ronment, and attitude

%

about bi]ingua] education 1n general Those areas of the Inventory

in wh1th there was no significant dif?erence between jtems merits

‘a

further scrut1ny o R r

b 13
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Modification of testing technique. As a rebommendation for

_further study, the competencies of individuals should be assumed

fo be randomly distributed among the treatment groups so that only

a random sample of those pup11s included in the study would

validate the experiment. The administration of the 1nd1v1dua1
;pbmpetency measures or the manner in which the individual testing

is conducted is too time consuming for the instructor to administer

to an entire c]qss in an experiment of this nature. ‘The afore-
mentioned suggestion wéu]d also allow for a larger number of ifems
to be included on the dependent measures to make the individual

examinations more discriminating. -

Recommendations for Existing or Proposed Bilingual Programs

The following recommeﬁdatTons are not drawn from the

..

emp1r1ca1 f1nd1ngs 1n this study,rbut aré inferred from exper1ences

|'and observations in the field. These recommendat1ons are d1rected

7

to existing or proposed bi1ingua1 programs. Nh11e in most cases,'
the_ recommendat1ons are directed to spec1f1c areas of b111ngua1
educat1on, e.g., science, social studies, etc., they are genera1

enough to be applicable in most bilingual program situations.

lggjtura] influence in science education. The need for CE\structing‘

a_bilingual science curriculum is highly desirable for bilingual

‘programs. However, as 1is recognized in most national curricular

projects, especially the science oriented ones, the cost is quite
hfgh. Thq cost factors do.seem prohibitive and concomitantly

there is a dearth of resburce people with expertise in bilingual

o>
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science educatioh which might be involved in the program
.preparation. Nonetheless, bilingual science curricular materials

are in high demanq by individual bilingual projects and. indica-

* tions are that they will continue to be in high demapd.

)

Perhaps tﬁe best method for a short range so]ut1on is to
take techniques and materials deve]oped for use in the Un1ted
States and‘adapt cr modify the materials to a bilingual situation.
Certainly this idea is not unique as many materials developed in
the United States are in use, in a Spanish translation in Spanish
speaking countries. Thus, by ueing materiE]s and curricula

developed for use in the United StatesAand modified and translated

- for Spanish speaking countries, it is quite possible to again

modify the Spanish translation of these materials for use in a
bilingual situation. As a short range p]ani for immediate utili-
zation by projects, this‘idea might be feasib]e, though not the
most desirable if a national bilingual science program is needed.

Many projects aré currently deve]op1ng sc1ence units that

¢

are h1stor1ca]]y or culturally suited to a part1cu]ar region or
geographical area. This 1dea could serve until sufficient proaeets
have utitized science curr1cu1ar units that are proaect spec1f1c
Time would then a]]ow for national scrutiny of these ]oca] proaects

and the development of general trends to guide a national bi]]ngua1

project in science education. '

i

It is quite evident from field observations that bilinguai ?

L

education needs a sequential program in bilingual science :
' !

education. This is especially significant in that mahy of the

100
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Spanish speaking bilingual programs are in their fifth year of

-

continuation. Some programs have now expanded into the secondary

schools and it is very important that a firm foundation in science

be'articu]afed from elementary through secondary schools. It is
* aniex
also clear that science education in bilingual schools can no
>

longer be given low priority in contrast to other subjects that

have dominated the concern of bilingual educators.

-~

Implications for teacher training. Teacher training institutions

should include in thei; écience methods courses laboratory experi-
ence in science education with some aspects of a pluralistic
society. Bilingual methods courses should a%d and foster the use
of science as viable an avenue to intellectual and academic growth
as an} othesr content area. Bilingual methods courses, along with
é]ementary and secondary science methods courses are not mutually
éxc]ysive and every opportunity should be taken to exp]éit those
areas of mutual concern.” The training of teachers, both pre-

service and in-service, in bilingual science education should no

longer be ignored."
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APPENDIX A

SUPPLEMENTAL LITERATURE FOR TEACHER TRAINING
FROM GUIDE FOR INSERVICE INSTRUCTION
' SCIENCE-<A PROCESS APPROACH
(AAAS, 1967, p. 11)
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- | . OBSERVATIONS AND INFERENCES

f

In the exercises to follow the child should begin to

distinguish between observaﬂions (what a person sees,: smells,-

o

-

hears, touches, and tastes) and inferences (what a person thinks
is responsible for what is observed, or how a person explains his
observations). If the-b%ildren do not know the distinction

between observations .and inferences, demonstrate to them that an

observation is,sémething that a person sees, touches, hears,

) smells; tastes~~-in other words, something thet avﬁenson'experien-:

-~ AN

ces with his senses. Explain that an inference is a person's

idea about how his'observations.might be expiained or accounted

for. .

It is important that children use the terms correctly -

in theirfscience activities, and it is also important that they

use them correctly in other activities. -

Observations are basic to any sé@entific investigation.

Vd 1

These observations in turn lead to the construction of inferences

that can be tested by further observation. Therefore, observing

provides both a basis for constructing'inferences and for testing .

exigting inferences. -

’ Observations are statements of properties that can be
perceined by use of the senses. A statement such as, "This cﬁne
is made of sugar", is not acceptable as an observation because
"sugar" iswnot a propertf perceived by the senses. For example:

I observe thati&n object is white; that it is a cube with edges;

112
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that it ta;tes sWeetf; thét'it is odorless; and that it disappears
Yéissolves) wﬁén placed in water. I 12225, on the basis of .
these pbservatiobsfithat the object is sugar.

Cohclusi?ﬁs or ideas are cailed inferences. An inference

is a statement dbout a specific event or object that is based on

,obser§ations Sat which itself is not an obsefvation. It may be

én of the obserdation.

Learning to make eareful and valid inferences in

scientific work requires a critical attitude toward one's own
. ‘ -

iﬁfefences as well as those of others. From now on, you should
' @

. try to develop this critical attitude by reinforcing the

conscious distinction between an inference and an observation as
the situations<arise. Ask questions such as: IS that an

observation? Did you actually see a dog run a&éy with your ball?

Or is that an inference? 1In other words, is that what you think

may have happened?

VOCABULARY
Observation Senses N Displacement
Inference To infer Displace
, .
- B
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SUPPLEMENTARY LITERATURE FOR TEACHER TRAINING
FROM CONSULTOR-CIENCIAS, NATURALES NIVEL 5
(SANTILLANA, 1971, pp. 5-27)

-

V3




EL PROFEZ0R PoLiNoMi0 EN
. L PR e £ oboeRy

PARA OBOERVAR ALGO, TENE-
M05 QUE LGAR Lod 4ENTiDOS
¥ 6dLo Log GENTIDOS, LA
BUENA OBSERVACION SERA LA
QUESE LIMTE DXCLUSTVAMENTE

:N?M ’
100, OLEATO. |,
Co , - o * .

0

[

({

Hd((

Alo GUE APREC
SENNIDOSE Vié?w

X

Q

WaG

(

‘\'
)

G

(757 Uk RRRIRIA 7 A ~
E7o No £ OBSERVAR: HAG UTiLiZA-
VAR 1 QuiE 1ok GOLMNE._ ¥ =X

3 ¥ R, gD,

! CURD QUE \p £4/ PER 4 o LMTTA-
e ] (’ e B o s el
> DECIR 10 QUE NAB5TROS SENTI-

SN Dos PERZIBAN EL LOLOR, LA FoR-
A Zl M’EETLZ QABOR,

N
s ;;‘-‘1
(27

<
}2

(4
3

LA MIGLINA DEL T:EMPo Lob TRISLA-
AloRA YA 9A- § DA 300 ATIo5 ATRAS Y A LA 14LA
4 BEN O%I’Q' .

ENE9TA EPocA, Migho 5 LUGA-
RES DEL PLANETA £9TARAN SN
EXPLORAR. L0% BUEN0S $XPIORA-
DOREG DEBIAN SABER OBOIR-
VA?»O DE ILLO DLPE"D‘M M'
- LG VECES 9145 Y1, jAVER
GUE TAL Lo HACENT .

v




S Lt T T e .
§5 T -:."‘-,,-//_,._
A 2

vy
!
4

HCHO: CoNFUNDES OBER-
VAR CoN $NTERPRETAR . LINA N -
“TERPRETAZION E4 UTILIZAR Lo
QUE. SABE M0#, ADEMKS DE 10 QUE
NUESTROS GENT:D0% Nod TN -

.

NN
m?& IL“‘OI

FHLY BIEN JM -}
ME! 10 QUE HADS- E
CHD MolCHO B

BAER0, PLIES AHORA 6¢ QAE Mo ME EQUiVo- /’\: -
* co)x A EATENGION OF TERREITSE e
LolOR MARRSN S EL GUELD E6 ALGx0 BLAN- ||/ ey
b0, NoTiENE VEGERRZIGN. ...

Ay ¥ AE HUNDO EN ZL CLANDO ME 43Tl0
ENEL

CENTRDS
A e L OCORR 000

.
BN e L
,,: v .:- e et
Dl 9
‘l ‘ o !

CREO QUE YA
: Vo{ CoMPREN -
£ DiENDO 4o bE

S 18
J'EA:‘-“‘\‘\‘;{ \
4 Yo TAMBIEN
7

b A

(]

St s W
S1° ‘k“.‘ 140 ¢ NI 4
b G T e R I
ettt
LS 4T03 ‘::?’-‘ iz ?.‘_‘"ﬂ‘l,'1}‘;!-37_52;{?;"11?#“({)}}1}, - A

110




4 | STSE HUBIERAN UMITADOAUTSLS
ZAR 545 SENTID0S,...

.U&_}

F%o0 Lt5 PaoA Po
PRETACION1S ERY,
VAR

2] (4] H 7 . SN
HAY QUE {NTERDRETAA .. >3

7 DESTES ;W6 s
PREVENIR

-cmmoo/,‘mfams&.’ 3. o
7 X g ¢
ﬁ’"‘ft ,{"f; oté‘;.'

N =
@ ) S
o \
Y : o B
X, h
§ ;
.0 s,
"
.
:

T e

; //h
+f Iy AR
AN Gt i1

g




([E$PERENT 4 BoR PAE GABEN QUE
[m CANEALYS 5 Dol SBac i

Mo5 QuE TIENEN LA PIEL 05CUIRA, : 1. O, SRR g
luIVA," VI%%D@DE(OMQ..& : ; ’ % "// }\ "“/

L A

77/ A
PUTPLPINS,
ey N

g Aol g TR T
GRAZIAS A LA MAGUINL TEL-TIEMPo, MINA Y MOR- . ? flo TENEMpS REMED 0!
€HO VUELVEN AL LABoRKToR?0, EN Lh PANTALIA. . [’ B e\, Eattiacaos,
PETELEV 40N OBSERVAN A 4005 LoMPANERDS, P

161 No WiLiERAROS
INFERPRETAC i0NEs!

c)

Para observar es necesario -utilizar los sentidos.
No hay que confundir observacién con interpretacién:

Cuando vamos més alld de lo que nuestros sentidos perciben hacemos inter-
pretaciones, .

LA .

K ;' » - . .
En la observacién debemos usar el mayor ntimero de sentidos posible. vista,
oido, tacto, gusto, olfato. ) 5

Cuantos mas sentidos utilicemos, méds completa serd la observacion.
¥
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Inferir es dar una explicacién basada en una o varias observaciones.

Toda inferencia debe basarse en observaciones. De lo contrario, serd una adivi-
nanza y no una inferencia.

Las inferencias pueden ser verdaderas o falsas.

Para comprobar si una inferencia es verdadeta hay que realizar nuevas obser-
vaciones; asi podremos saber si nos hemos, equivocado o no.
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Cuando decimos lo que observamos, antes de que se produzca un hecho, rea-
lizamos una prediccion. .

La prediccién cientifica debe estar basada en observaciones y. mediciones an-
teriores.

Sin obgérvaciones y mediciones anteriores, no pueden realizarse predicciones:
sé6lo adivinanzas. . . L

Una prediccién puede ser errénea; la unica forma de saber si es acertada es
comprobarla en la realidad. . ' '
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APPENDIX C N

SCIENCE--A PROCESS APPROACH
PART D, INFERRING 5

THE DISPLACEMENT OF WATER BY 'AIR (e) (AAAS, 1968)

SCIENCE--A PROCESS APPROACH
PART E, INFERRING 7
INFERRING CONNECTION PATTERNS IN ELECTRIC CIRCUITS
(a) (AAAS, 1968)
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INFERRING 5: THE DISPLACEMENT OF WATER BY AIR T

OBJECTIVES

At the end of this exercise the child«should be able'to _
1. DISTINGUISH between observation and inferqézes about
the displacement of water by air.

2. CONSTRUCT an inference ,to explain the movement of =~ -
liquid out of an inverted container when air moves "
into it. ‘ ’

3. DESCRIBE observations he can use to test his inferences

about the displacement of water by air.

-SEQUENCE

Constructing inferences
concerning the shape
of an object on the

basis of observations
of transverse, slant

and. logitudinal
sections of the object,

Inferring 8

Describing
observations which
can be used to test

-an inference.

THIS EXERCISE =

Inferring 5

Pemonstrating that
inferences may need
to be altered on the
basis of additional
observations.

Inferring 4

128

'

-Describing the
expected outcome of
future observations
based on inferences
formulated and tested
"by the child.

Inferring 7

[~
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4
- RATIONALE
7 This exercise will give the children further experience in
. making inferences., 1In earlier exercises, they have made inferences
from their observations of familiar situations. Here, they will
make inferences from observations of less familiar.phenomena,
and they will also test these inferences. As before, the children
will be asked to give their reasons for the inferences they make.
- In this exercise, they may feel very certain that the air pushed
the water out of the bottle, but they may not be able to state
clearly why they think so. Nevertheless, ufge them.to. try.

. Every inference a child makes, no matter how unreasonable
it may seem, should be subjected to the same careful analysis.
Some children make better inferences than others because they make
more observations, keep their observations more clearly in mind,
or have a richer store of prior knowledge to draw .on.. This
difference in the ability to infer should be an advantage, since
the objectives of this exercise will be satisfied more completely

" if ‘the children have an- opportunity to compare a variety of
inferences. . .

To give the children practice 'in writing, suggest at the-
end of each activity that they write ohé or more inferences
based on their observations. If they have difficulty-in doing
this, let’ them dictate. to you as you write on the board. Have

them do their own writing in the Aggraisal however, unhless they ',

are very poor at writing. . . .
VOCABULARY

/ .
displace esplazar

Jdisplacement

I

L,
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Materials

Listed below are the materlals requlred to conduct .this
exercise,

2-liter transparent containers, 6

Trays, 6 -
T ) Soft-drink bottles, 6 '

. - * Cardboard, approxlmately 13 X 24 cm, 1 piece
China marking pencil,l R

Foed coloring, 1 bottle . ’ -
Flexible straws, 10

Drinking glass, 1 ’ ‘

White paper towel, I

Seltzer tablets, 2 for each child tested

.. Introduction Procedure

Introduction. As you work at a table in the front of the
room, let the class watch you prepare the apparatus shown in ~
Figure 1 according to the following procedure:

1. Fill one of the transparent containers, which has
been placed on a tray, about half full of water.
"2, Fill a soft-drink bottle with water and hold a small
) piece of stiff cardboard, cut from the sheet, flrmly
over the mouth of the bottle.
3. Invert’ the bottle . and put it mouth downward in the
water in ‘the container.
h 4. Remove the cardboard. The water will not flow from
. .the bottle.if the mouth is beldw the surface of the
water in the container. )
: 5. Put several paper drinking straws near the container.

Figure .1l
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Ask the children if it is possible to get the water out
of the bottle without turning the bottle over or pulling it out .
of the water. Encourage their suggestions and discuss them. -
Continue to ask for other ideas until someone suggests using one
of the drinking $traws to blow“bubbles of air into the bottle.
If interest wanes before the suggestion is made, make it yourself
by asking. Could you blow air into the bottle with a straw?
lPuedes soplar en la botella con el popote? -

. Activity 1

Set up equipment as.you did -in-the. Introduction for each
- group of .five children. Be sure that each ¢hild has a straw.
Have the children try to blow air bubbles "through- their straws
to get the water out of the bottle. Tell them to make careful
observations-and to list their observations on the chalkboard.
"Insist on accurate statements of observations, such as these:

Bubble went up into the bottle. .

La espuma de aire subif en la botella.

Some bubbles went up outside the bottle.

Algo de la espuma de aire subib alrededor de la botella.
The water level in the bottle went down.

El nivel del agua en la botella bajé.

Ask the children what they think happened to the water
in the bottle. Take time to draw out as many different inferences
as possible, and list these on another section of the chalkboard.
Be sure - the children distinguish clearly between what they
actually saw (observations) and what they think was responsible
for it (inferences). . * ‘

They may be sure that air pushed the water out of the
bottle. (They may even have learned this previously.)
Nevertheless, this view is still an inference and must be tested.

-

Activity 2 ' .
Ask the children how they can test their inferences about
what happened to the water that went out of the bottle (in
Activity 1) How would you show someone else that the air pushed
the water out of the bottle? ¢C6mo le mostraris & Otro que el
aire desplazf el agua fuera de 1a botella? various tests are
possible. A few are described below. Follow the children's
suggestions as much as possible. If it is necessary to encourage
suggestions, ask questions such as these: Does the level of water
in the containers change when you blow air into the bottle? How
could you tell? Could you make the water in the bottle look
different from the water in the container and watch where it goes
when you blow air into the bottle? ¢Cambia el nivel del agua en
la bandeja cuando soplas en la botella? ¢C8mo sabes esto?
¢Puedes hacer que el agua en la botella cambie para distinguirla
de el agua en la bandeja Y notar adonde se va cuando soplas en la
botela?
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: There is a fairly simple way to test the inference that
the water flows out of the bottle when the air flows in: ;
Measure the change in water level using the china-marking pencil
to mark the water level in the container before and after blowing
air into the bottle. Since the bottle must be kept immersed in

" the water to the same depth while the air is being blown into it,
also make a mark on the outside of the bottle and be sure some
child in the group holds the bottle so that the mark stays at. the
water line. To confirm that the rise of the water level in the
container is produced by the amount of water in the bottle, the
children might empty the container to the first mark, pour water .
out of the refilled bottle into the container, and see whether the
water level reaches the second mark. .

A direct. and convincing method is to color the water in

i
&
P

o

the bottle, but not the water in the container. If the unstoppered,

bottle is left inverted in the container for a few minutes before
air is blown into it, only a small amount of the color will
diffuse into the water inm. the container. When the air is blown

into the inverted bottle, the children can observe that the colored

water flows out strongly and mixes with the water in the
containers. '
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INFERRING 7: INFERRING CONNECTION PATTERNS
IN ELECTRIC CIRCUITS . :3

OBJECTIVES .
this exercise the child should be able to

1. CONSTRUCT a complete electric circuit cons1st1ng of a
flashlight cell, a lamp, and two w1res

2. CONSTRUCT inferred connection patterns for-hidden
circuits.

3. DESCRIBE ‘the expected outcomes of future tests based
upon inferred connection patterns.

SEQUENCE.
Demonstrating the use Constructing a testable
of an operational inference made by the
definition to comnstruct child about conductors
a. simple electric circuit. and nonconductors.
Defining Formulating
Operationally 1 Hypotheses 2

Describing the expected
outcomes of future
observations based on
inferences about electric
circuits formulated and
tested by the child.

THIS EXERCISE

Inferring 7

Describing Describing a sequence Constructing
observations which of events constituting situations to test
can be used to test an inquiry, including inferences made

an inference. purpose, method, by the child.

.materials, procedure,
and results.

Inferring 5 CommuQiFating 12 .  Inferring 6

»
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RATIONALE

Using the senses to make direct observations is often
impossible or unwise. One might learn if electric power is
present by placing his fingeér in an outlet, but using a lamp Or
a meter is much safer. One might learn if an object is hollow or
solid by cutting it apart, but it may be preferable to measure
its density or to roll it down an incline. One might learn if two
wire ends are connected by physically following along the wires,
but it may be preferable to use a battery and a lamp to test
whether the wire is continuous. In this exercise children use

patteries and lamps to make observations on electric circuits.

Early in the exercise, the children will learn that a
lamp (a flashlight bulb) will light if it is part of a closed
loop of wires connected to a dry cell. Figure 1 shows this
arrangement which is called a closed circuit. ,

Figure 1

The children use the principle of the closed circuit to
determine the pattern of hidden wires in circuit boards. They
use a dry cell and lamp circuit, as shown in Figure 2.
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Figure 2

By testing several pairs of wire ends the children (1)
infer the connection patterns of the hidden wires, and (2)
predict the outcome of further testing on the basis of the

inferred patterns. They also discover that an inferred connection ‘

pattern may not be the actual wiring pattern and that several
inferences mdy be equally reasonable. :

The children cah use:'the materials required for this
exercise with complete safety. . .

VOCABULARY e

dry cell ' closed circuit

lamp open circuit
connection - pattern

circuit _ . insulation
VOCABULARIO ' . T

pila Seca circuito completo
globito circuito incomplete
conexibn modelo

circuito - soquet
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MATERIALS

Flashlight dry cells

Number 6 rubber bands

Flashlight lamps and sockets

Insulated wire, 25 cm long

Data sheet (as in Figure 5) .

Demonstration circuit boards, 2 e
Board No. 1 with wiring pattern: A-B, C—b (See Figure 3.)
Board No. 2 with wiring pattern: A-D, B-Q

Brass paper fasteners 2

Data sheet (as in Ffﬁure 9) ‘

Sets of eight different circuit boards

Data sheet (as in Figure 12)

Drawings (as in Figure 14) i : .

.Round circuit board with five cénnections

Rectangular circuit board or box with six connections

Data Sheet

g
§




o

Aruitoxt provided by Eic:

‘

., .

L4 .
-\
.
.
.
“
.
N
N »
3
- r

e

(o B =

>0

oo}

ao

- ?.a

» i

e ey !

A N W T T/ P VU PR




-124-

- TABLA DE DATO

- P 'é
. ‘ o : Construccion de Circuitos Completos s
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. INSTRUCTIONAL PROCEDURE

Introduction. Give each paif‘of children one flashlight . .

-

dry cell in a holder, a flashlight lamp, a lamp socket, and two
25-centimeter pieces of insulated wire with the ends stripped.
Identify and name these items for the children if they cannot
do it themselves.,

Tell the children to assemble the dry cell, lamp, and
wires so that the lamp lights. Let them procéed by tri nd
error, without direction, until they make a closed circu™. The
lamp will light to indicate a closed circuit. ‘

Give each child a copy of the data sheet, CONSTRUCTING
CLOSED CIRCUITS (See Figure 5). On this, he is instructed to
draw the wires as they should be connected -to make the lamp
light. You should check these as you move from group to group,
but let the children keep the data sheets.

Sketch the lamp and the flashlight cell on the chalkboard
-and ask a child to draw in the wires so that the lamp would ‘
light. Have the children describe’ what is necessary to make the
lamp light.® What is’'required is a closed path of wiring that goes
from the top of the cell to the lamp and then back to the bottom of
the cell.” If there is any break 'in the circuit, the lamp will
not glow. Define, or have the children define, "open circuit"
and "closed circuit”, using the cell, lamp, and wires, and by
referring to the diagram on the chalkboard. An open circuit can
result from broken wires, poor connections, and a loose or burned-
out lamp. g

Before you start Activity 1, make sure that all groups
have properly operating circuits. The children should be able
to state that if the lamp glows, the circuit is closed: if the
lamp does not glow, the circuit is open. »

Activity 1 - Hidden Connections and the Deomonstration Board
= .

Sketch the circuit shown in Figure 6 on the chalkboard, or
give a copy of it to each child. Give each pair of children an
additional piece of wire (they should now have a total of three),
and ask the children to connect the wires according to the
diagram. Ask, Is it a closed ciccuit? (No.) ¢Es un circuito
completo? (No.) How can we make it a closed circuit? Como
podemos hacerlo un circuito completo?

; The childrernt should quickly suggest putting the two free
ends of the wires together. This will make a closed cirxcuit, so
that the lamp will light. Aask, Would we have closed circuit if we
put a fourth wire between the two free ends? ¢Tendremos circuito
completo si afladimos el quarto alambre entre los dos alambres
sueltos? Distribute additional pieces of wire and let each pair
try making the connection. How about a paper clip? ¢Una
prescilla (paper clip)? A pehcil? ¢Un 13piz? Let the teams try

139
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Figure 6
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a number of objects that they find about the room. They will
discover that they can use some objects to make a closed circuit
and not others. However, be sure that they are able to use a
wire across the free w1re ends to make a closed circuit.

Next, hold two wires in one hand with one end of each
wire exposed as shown in Figure 7, but with the other ends
concealed and not in contact. In the other hand, conceal a single
wire with both ends of the wire exposed as shown in Figure 7.
Ask, Can these be used to make a closed circuit? ¢Se pueden
utlllzar estos para hacer un circuito completo? Although the
children may enjoy guessing, they cannot answer your question with-
out trying it. Move about the room, and let two or more teams
in turn connect free ends of their circuits to the wires protruding
from between your fingers. They will find that.their lamps will
light when their circuits are connected to the wires in one hand,
but not connected' to those in the other hand. Ask, What 1nferences

can you make about the wires in my hands? é¢Cuales inferencias"
puedes hacer acerca de Jos alambres en las manos? After they have
tried to explain their observations, show then the wires w1th1n
your fists.

> EY
1
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This activity has some interesting variations. Use your
judgment about how long you should continue it for your class.
You may allow three wires to protrude from between your fingers
with all of them connected, none of them connected, or two of them .,
connected. Let different pairs of children test for closed or
open circuits and then explain their observations to the rest
of the class. At least once, the children should see that two
connected wires can be used to make a closed circuit.

BT T T T UV =, Ly

Now show the children Demonstration Circuit Board No. 1,

which has four exposed paper-fastener heads on the front. Do .
not let them see the back of the board. Tell ‘them that there are
some wire connectors between some of the fastener heads. Ask,
Can you infer how the wires are connected between the points you
can see? {Puedes inferir como est&n los alambres conectados
entre los puntos? The children may say that there 1s no way to
determine this connection pattern without looking at the back of
the board; however, several of them should suggest that they use
the lamp and the dry cells to see if they can make a closed
circuit by connecting any of the p01nts. If you wish, let some

- children try this with various pairs of connection p01nts on the
demonstration board.

Ask the children to name possible pairs of points that
could be tested. List these pairs on the chalkboard as the
children name them. Arrange the pairs in four columns, which
may look like those shown in Figure 8.

<

A-B B-A C-A - D-A
2
A-C 1 B-C C-B ' D-B
- A-D B-D C-D D-C
Figure 8
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During the listihg, the children may note that. half .the s
pairs are duplicated because A-B .and B-A are equiyalent, - If .ot
not, ask, Are some pairs the .same? (Yes.) .¢Son 1o mi§mo’ algunos’ -
pares? (Si.) What are they? {Cudles son? (A-B &nd B-A; A-C &nd
C-K; A-D and D-A; B-C and C<B; B-D and D-B; C;D and D-C.) As the ¢
children identify each equivalent pair, cross out one of them. To ~
avoid confusion and to saye time, have the children, agree on @ s
systematic procedure for testing and,recordéng'the observations.

.

Using the demonstration board, Have a pupi} test each™ -
pair of points remaining on the list. As the class decides . .-
whether the circuit is ''closed" or "open" in each case,.record |
the observation by writing .closed or open beside the'label of -~
each pair. L oo ‘ o e

.y
. .
L] N »
- 1

_ Diagram the front of Demonsttration Circuit Bdard No. 1, ~.
on'the chalkboard. Next, givé a child a piece of white chalk and
ask him to draw lines between the ‘connection points that reésulted N
in a closed circuit. Then -give a second child some célored ¢halk. :
Ask this child to infer a connec'tion pattern, or to indicate’ _
how he thinks the wires are connected and tq mark the connections’..
on the chalkboard. Is more than one ihferred pattern possible? L
(No.) ¢Es posible inferir mads que un modelo? - (No.)* Were d&ll
the pairs tested? (Yes.) ¢ Probaron todos los pares?  (S%.) JLet
the children 1ook inside the demonstration board to.seg that one
wire connects Points A and B and another connects Points C and D.

- .1

.
> N
Ny L

Activity 2 - Inferring Connection Patterns IS

L

In Activity 1, the inferred connection pattern of the,/wires
was the same as the actual connection pattern. The purpose of, this
next activity is to have the children make observations from whiCH -
they can infer many different connection patterns. They will theh *'*
inspect the. wiring pattern to see that only one of their inferences .-
is the actual pattern. Tt T

. Distribute to each child a copy of the data sheet, -* . . "y
Inferred Connections. (See Figure 9.) Show the children Demons- :
- tration Circuit Board No. 2, and ask them to identify all the -
‘possible pairs that can be tested to determine which wire ot
connections behind the board will make a closed circuit. As they
identify pairs, they should write in the appropriate letters at
the top of each column, as shown in Figure 10. Using a test .
circuit like_the one shown in Figure 6, you, or a child, should :
test all the pairs. At the same time, the class should record.
on their ‘data sheets which pairs make open or closed circuits by
placing an "X" in the open or closed box under the tested pair,
as shown in Fugure 10.
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Ejercicio A . TABLA DE DATO By Conexiones Inferidas
OBSERVACIONES
Pares - ‘
i . A-B A-C A-D B-C_|{__B-D_| -C-D__|
Completo ~ . o
- X X JRD QU S '
Incompleto X.- X_ ' X
Conexciones Inferidas
A B A B J A B A B
P
i 0 ) ) 0
C D C D C. D fic D s
Figure 10
PART E
Q ) . B v 145




-132-

—~

Tell the children to draw lines between pairs 6f points
in the boxes labeled Inferred Connections to show all the
possible ways that wires could be connected between the points
to result in the observations ‘that they have recorded. 'As you
repeat the instructions, stress that they are inferring wire
connection patterns that will explain their observations. You
may need to look for examples within the class to demonstrate
that the wires might be connected in different ways and yet.
produce the same observations. The actual pattérn cannot be
determined unless the board is disassembled and the path of the
wires checked. Since four inferred patterns are equally reasonable,
the children's completed data sheets should resemble Figure 10.

Remind the class that they can sometimes test inferences
by further observation or additional information. In this case,
the children can unfold the demonstration board and inspect the
wiring pattern to select the correct inference from the four
inferences they have made. You should also point out that not
all inferences can be checked by observation, and that sometimes
they (and scientists) must be content with several equally
reasonable inferences.

Activity 3 - Inferring Connection Patterns Among Six Points

Give each pair of children the circuit test equipment
shown in Figure 6, two of the eight circuit boards whose wiring
patterns are shown below (see Figure 11), and two copies of the

data sheet, Infering Connection Patterns Among Six Points. . -— .

(See Figure 12.) .

(1) A-B (2) A-D. (3) A-B (4) A-B " (5) A-B-C
c-D B-E D-F c-D - D-E-F
E-F "~ C-F C-E

(6) A-B-D (7) A-B-C-D-E-F @?) No connections

C-F (all connected
to one another)

Figure 11

146
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TABLA DE DATO

Inferiendo Modelos de
Conexiones Entre Seis Puntos
Tarjeta Numero

THIS COPYRIGHTED PAGE WAS REMOVED FROM
THIS DOCUMENT PRIOR TO ITS BEING SUBMITTED
TO THE ERIC DOCUMENT REPRODUCTION SERVICE.
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Tell the children to use the dry cell and the lamp circuit |
to determine which pairs of points can be touched to make a closed |
circuit. They should identify the number of the board, and record |
it along with their observation on their data sheets as in’ |
Activity 2. 3
After the children have completed the testing procedure, 1
ask them to infer connection patterns and to sketch possible ways |
of connecting the wires between the labeled points. Tell them
to sketch several connection patterns for any board which could
possibly have more than one. Only one inferred connection pattern
is possible for Circuit Boards No. 1, 2, 3, 4, and 8. Sixteen
inferred patterns are possible for No. 5; four are possible fer
No. 6. A great many possibilities exist for No. 7.

Figure 13 shows the connection patterns the children

should infer, except that one of the many possibilities is
shown for Board No. 7

Activity 4 - Expected Outcomes Using Inferred Connection Patterns

Using a drawing on the chalkboard to recall for the class
Demonstration Circuit Board No. 2 from Activity 2. With this
board, the lamp 1lit up when the wires of the test circuit were
connected to pairs A-B and and A-D. Ask, Would it have been
possible to tell before testing further 1f touching any other
pairs would result in a closed circuit? (Yes, B- D.) <¢Hubiera
sido posible predecir antes de haber probado mis,si tocando
otros pares resultaria en un circuito completo? (Si, B-D.)
This is an expected outcome based on an inference. We observe
that pair A-B or A-D can be used to make a closed circuit; we
infer that since A is connected to both B and D, then B and D
are also connected. We can expect the lamp to 11ght when the
circuit is connected to Points B and D.

Have the children reconsider their data sheets for the
eight circuit boards from Activity 3. Ask, Could you have
predicted which pairs would light the la;p>betore you had tested
all the pairs? (Hubieras podido predecir cuales pares encendieran
el globito antes de probar-todos los pares? Give them time to
Te-examine their observations, and then ask thgse pairs that
studied each of the eight board to give their predictions,
if any. They should conclude No for Boards 1, 2y 3, 4, and 8;
and Yes for Boards 5, 6, and 7.

Give each child a copy of Figure 14, which lists observa-
tions that have been made on four separate 1mag1nary circuit
boards (I, II, III and IV) similar to those used ‘in Activity 3.
Each board has six connection points, labeled A, B, C, D, E, and F.
The lamp of the test circuit 1it up when the wires were connected
to the pairs of p01nts listed in the second column. Ask the
children to examine the observations, and then to make the necessary
inferences to predict which additional pairs could be connected to
make closed circuits. Have each child record his predictions
in the third column of the table, working individually, or with
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a classmate.

Board Cognection Pairs
Reésulting in a
Closed Circuit

Pairs That You Predict
- Can Be Used to Make
a Complete Circuit

I "+A-C, A-F
L1 A-B, A-D, A-E
111 A-D; A-E, C-E :
v. - A-B, B-F, C-D, D-F
Figure 14 \

.

They should suggest these pairs:

I (C-F);
IIT (A-C, D-E, C-D); and IV (A-C, A-D, A-F,

B-D, B-E,
B-D," C-

IT (
B-C, B-D,

) D-E);
)

F
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Describing the expected out.
come of future observations
based on nferences formu-
lated and tested by the
child.

17
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~

Constructing inferences about
the geometric shapes of solids
from the transverse, slant, and
fongitudina! sections of vanous
common three-dimensional ob-
jects, and about the three kinds,
of sections of a sohd. )

1-8

20

f!\_l L

]

Describing observations
which can be used to test
an inference,

15

Constructing Situations to
test inferences made by the
child.

16

_—

i
P

Demonstrating that infer.
ences may need to be al
tered on the basis of addi-
tional observations.

4

Constructing one or more
inferences Irom an obser-
vation or a set of observa-

ldenh’ﬁind constructing
°

pictur fransverse, siant,
and longitudinal sections of
various common three:
dimensional objects.

14
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LEVEL 1L LEVEL 18
CEtL A CELLA

- tions presented in one of— -} —— -
more cartoons,

1

not.

Distinguishing between In.
ferences that account for
. all of the stated observa.
tions and inferences that do

]

Identifying observations that
support an inlerence. -

Distinguishing between
statements of observation
and statements that are
plausible explanations.
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Identifying statements that
are inferences.
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INDIVIDUAL COMPETENCY MEASURE FROM
SCIENCE--A PROCESS APPROACH - -
PART D, INFERRING 5
THE DISPLACEMENT OF WATER BY AIR (e) (AAAS, 1968)




" . Say, Watch what happens when I put&these two seltzer tablets

N . L
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COMPETENCY MEASURE c v

. ’ ' - -
TASK 1 (OBJECTIVE 2): As the «<hiid watches y&%» invert the w1de-
mouth bottle, filled with water, in a’ transparent container ot
containing watery using a piece of cardboard to cover the mouth
of the bottle until it is inverted, .as described in the Introduction.

[N
. - .
[ s .
PR SR

under” the mouth of the jar. Nota 1o que pasa cuando pongo &sta
pastilla (o pildora) debajo de 1a botella. Add the .tablets. oo
When the bubbling stops ask, What inference can you make te explain :°
why the level of the water in the bottle has gone down? JQu€E .
inierencia puedes hacer para expllcargpor -que” bajd el nivel del .

agua en la botella? Put one check in the acceptable column if the

. child says that the air or the gas from the bubblés went into the |

jar and made some of the water go out, or if he offers any other ) .
statement that could be considered an explanatlon " o 13

'TASKS 2-4 (OBJECTIVE 1): Say, I am going to read to you some .
statements I might make about what wWe have seen here. As 1 read
each statement, tell me whether it is .an observation or an

ru-vreneeT———¥oy4a leerles unas deciaraciones-que puedo hacer R
acerca de lo que hemos visto aqui. Al leer 1a declaracion H ime’ - -

(o digame) s1 es una observacién o inferencia.

Task 2) The tablets made the water warm. La pastilld {plldora)
calentd el agua. Put one check in the acceptable column for ,
Task 2 1f the child says it is-‘an 1nference .
Task 3): Bubbles rose from the tablets when ] ppt them in the’ -

water, and most of them went into the jar. La espuma de la..

" pastilla (o plldora) subi6 cuando la puse -en el agua y casi toda -
la espuma entr6 en la botella. Put one check in the acceptableﬂ
column for Task 3 if he says it is’ an observation. N

Task 4): The bubbles stopped when the tablets couldn't be seen -
any more. . La espuma terminé cuando no se‘podia ver la pastllla. '

Put one check in the acceptable column for Task 4 1f he says 1t
is an observatlon. . '

-

° AT Y
_TASK 5 (OBJECTIVE 3): Say, Te€ll me how you would test the inferénce’
that the tablets made the water warm. You may not taste the liquid.
Dime como puedes probar la inferencia que la pastilla (o piidora)
calentd el agua. No puedes saborear el Iiquido. Put_ one check in
the acceptable column if he suggests feeling the water before and.
after the tablets have been added, or if he suggests putting a
thermometer in the water before the tablets are added and
watching the thermometer while the bubblrng.occurs to 'see if the
temperature goes up. : o 'h'*

. \ R s
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INDIVIDUAL COMPETENCY MEASURE

(Individual score sheets for each pupi{ are in the Teacher®
Drawer.)

TASK 1 (OBJECTIVE 1): Give the child a dry cell, a lamp,

alamp socket. and two wires with bare ends (aiso a screw-

driver, if necessary). Say, Use the wire toconnect the dry

cell and lamp so that the lamp lights:

Acceptable Behavior

For Task 1, the child constructs a closed circuit, and the
lamp lights.

TASKS 2-3 (OBJECTIVE 2) Along with the items used in

.Task 1 give the chiid another wire, bared at both ends,

and a circuit board vatn hidden wire connections that ter-
minate in five exposed wires oOr »oints labeled J, K, L, M,
and N. The hidden wires copnect paints M, L, and N and
also J and K. Give the child the data sheel, Inferring
Connection Patterns in Electric Circuits.

Say, Use the dry cell, lamp, and wires to sce which pﬁ{rs
of poinis can be used to make a closed circuit, Record
your observations by placing an “X” in the correct box
for each pair you test.

-143-

TASKS 8-13 (OBJECTIVE 3). Give the child a circuit board, -
of box, with'six exposed terminals labeled X, L, M, N, O, P.

. Points K, L, O, P should all be connected. M and N should

be connected, Tell the child, Use the dry cell and lamp to
see if Points K-L can be used to make a closed circult.
Record your observation here. (Point to Task 8 on the data
sheet and let the child carry out your instructions.) Now
see if Poinis K-P can be used to make a closed circuit.
Record your observation. Allow the child to proceed. Now ¢
see [t Points K-O can be used to make a closed circult,
Record your observation. Let the child proceed.

Acceptable Behavior . .

For Tasks 8-10, the child marks the "closed” coiumn for
the first three pairs.

Ask, Can you now predict if connecting the test wires
to Points P-L will result in a closed clrcuit? - R
Acceptable Behadvior )
For Task 11, the child says "Yes."

If he responds "Yes,” ask, What is your prediction?

- ERIC

»

Acceptable Behavior

For Task 2, the child correctly assembles the circuit, for
Task 3. the child marks pars N-M, N-L, M-L, and J-K
*closed” and all others “open." . ‘.

if the child has answered correctly, proceed to Task 4.
i not. heip him as he repeats the observations and corrects
his data sheet. Then proceed tg Task 4.

TASKS 4-7 (OBJECTIVE 2): Say. Infer as mmany connection
patierns as you can for the wires insides the cprcul! board.
Draw hare (point to the figures in the second iltustration
on the data sheet) all the ways you think the wires might
be connected. ’

Accaptable Behavlor

For Tasks 4-7, the child constructs each of the following
circuit patterns in any order: -

" 0 R " .
’@" ’@“ ‘j@\zu ‘@u
X L X t 3 ! K 3

.

A ,:rbl&Behlvior ———

For Task 12, the child says connec'ting the test wires to
PsL wall result tn a closed circuit or that the lamp will light.

‘Let him test his prediction if he wishes.

Ask, Can you now predict if the lamp will light when
the celi and lamp are connected to Points O and N?
Acceptable Behavior
For Task 13, the child says "No.”

Let him make tests and predictions, and inspect the
inside of the box or-circuit board, if that is possible.

‘

L)
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4 ' COMPETENCY MEASURE

N 1
TASK 1 (OBJECTIVE 1): Give the child a dry cell, a lamp, a lamp
socket, and two wires with bare ends (also a screwdriver, if
necessary). Say, Use the wire to connect the dry cell and lamp
so that the lamp lights. Prende el globito (foco) con los
alambres, pila seca, y soquet.

ACCEPTABLE BEHAVIOR

For Task 1, the child constructs a closed circuit, and the lamp
lights. ‘

TASKS 2-3 (OBJECTIVE 2): Along with the items used in Task 1,
give the child another wire, bared at both ends, and a circuit
board with hidden wire connections that terminate in five exposed
wires or points labled J, K, L, M, and N. The hidden wires
connect points M, L, and N and also J and K. Give the child the
data sheet, Inferring Connection Patterns in Electric Circuits.
Say, Use the dry cell, lamp and wires to see which pairs of
points can be used to make a closed circuit. Record your obser-
vations by placing an "X 1n the correct box for each pair you
test. Usa Ia pila seca, soquet, y alambres para ver cuales
puntos resultan en circuito completo. Apunte (note) sus .
observaciones con una "X en el cuadro de cada par que pruebas.

ACCEPTABLE BEHAVIOR

For Task 2, the child correctly assembles the circuit; for Task 3,
the child marks pairs N-M, N-L, and J-K "closed" and all others
"open."

If the child has answered correctly, proceed to Task 4. If not,
help him as he repeats the observations and corrects his data
sheet. Then proceed to Task 4.

TASKS 4-7 (OBJECTIVE 2): Say, Infer as many connection patterns
as you can for the wires inside the circuit board. Draw here

(point to the figures in the second 1llustration on the data sheet)

all the ways you think the wires might be connected. Infiere

tantos modelos de conexiones como puedas con los alambres dentro
de 1a tarjeta. Debuja todos los modos en que los alambres estén
conectados.

-

ACCEPTABLE BEHAVIOR

For Tasks 4-7, the child constructs each of the following circuit
patterns in any order: 4

._:.__
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TABLA DE DATO

Inferiendo Modelgs de
Conexiones en Circuitos Electricos

THIS COPYRIGHTED PAGE WAé REMOVED FROM _

-THIS DOCUMENT PRIOR TO ITS BEING SUBMITTED

TO THE ERIC DOCUMENT REPRODUCTION SERVICE.
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TASKS 8-13 (OBJECTIVE 3): Give the child a circuit board, or box,
with six exposed terminals labeled K, L, M, N, 0, P. Points

K, L, O, P should all be connected. M and N should be

connected. Tell the -child, Use the dry cell and lamp to see if .
Points K-L can be used to make a closed circuit. Record your
observations here. (Point to Task 8 on the data sheet and let ]
the child carry out your instructions.) Usa la pila seca y el.

- - — soquet para probar si puntos K-L se pueden hacer circuito completo.
Note su observacidn aqui. Now see 1f points K-P can be used to
make a closed circuit. Record your observation. Ahora note si
puntos K-P se hacen circuito completo. Apunte su observacion,
Allow the child to proceed. Now see if points K-O can be used.to
make a closed circuit. Record your observation. Ahora note si1
puntos K-Q se hacen circuito completo. Apunte su observacién.

Let the child proceed.

ACCEPTABLE BEHAVIOR: ’ —

For Tasks 8-10, the child marks theé "closed'" column for the
first three pairs.

Ask, Can you now predict if connecting the test wires to
Points P-L will result In a closed circuit? ¢{Puedes predecir
\ si conectando puntos P-L resultard en circuito completo?

ACCEPTABLE BEHAVIOR
For Task 11, the child says '"Yes."

If he responds "Yes," ask, What is your prediction? ¢Qué es su

prediccion? , -

»
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ACCEPTABLE BEHAVIOR
' For Task 12, the child says connecting the test wires to P-L

will result in a closed circuit or that the lamp will light.
Let him test his prediction if he wishes.

Ask, Can you now predict if the lamp will 1light when the cell

and lamp are connected to Points O and N? <‘Puedes predecir
s1 se prende el globito (foco) cuando se conectan los puntos
0Oy N?7.

ACCEPTABLE BEHAVIOR
For Task 13, the child says '"No."

Let him make tests and predictions, and inspect the inside of
the box or circuit board, if that is- possible.
r
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.
e "‘Las siguientes preguntas o de;laraciones‘son acerca de
- las actividades en cienq;a--éctiéidades en las cuales tG has
participado. Con un cfrculo indica la respuesta m&s cerca a tu
pgpsaﬁiéﬁﬁo. Es importante gue indiques con un_circula_éual
. ) Iesphééiglééﬁé’ﬁéé en acuerdo con tus pensamientos y no con los
_ ._génsgpientos de otri persona.
-:::;ﬁiff;ii?}2~‘° Nfmero 15 es para tus comentarios. Escribe tus
. ‘"",:ﬂ‘.'ﬁésﬁ;ntarios acerca del idioma hablado en las actividades de
i . ciencia.
P H
- et : J/
. — - {
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Creo que las actividades en ciencia que conducimos en clase
las dos semanas pasadas fueron:

A. muy diffciles para comprender

B. a veces féciles para comprender y a veces diffciles para
comprender i ¢

C. <claras y faciles para comprender

2. Pienso que puedo apreﬁder ciencia mejor cuando se en§eﬁa en:
A. espanol ‘
B. 1inglés
C. 1inglé&s y espafiol

3. El modo que se presentaron las actividades cientfficas en
nuestra clase~las {iltimas semanas fue:

- A. de poco o ninglin valor para mi

B. - de algln valor para m{f

C. de muché valor para mi

4. Yo prefiero gue la maestra o maestro hable en:

A. espanol

-8

B. 1inglés
C. .ingl&s y espafiol
5. Me gusta hablar:

~ e

S Ne D el Lt
A. espahol en la clase

B. "inglés en-la clase. _

C. 1inglés ygespaﬁoi.en la clase
6. Pienso que debfamos utilizar m&s:

A. materiales espafnoles en clase
, el RN, ‘ -
B. materiales ingleses en clase "> -

c. materiales de las dos lenguas, inglés y egﬁaﬁdl~~
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7. Creo que se debe ofrecer ni4s materias (como aritmética y
. ‘ ciencias naturales) en: .

g A A
i t

A. espafiol . . -

-B. 1inglés | s

c. iﬁglés y espaﬁol

Py

8. El idioma que us6 la maestra o maestro para explicar las ‘
lecciones cientificas- » ‘ .

- ’ A . ¢

5 A.. ﬁue'dificil para comprender . S
B. a veces la‘coméféndi y'a vec;sﬂno la cgmprendi ‘ 7
C. casi siempre la comprendi : . . o ‘
9, Creo queﬂla escuela es més-intéresante cuandos B s e
A. 1la maestra o maestro ensefta en espafiol
B.:ala maestra o maestro enseﬁa‘en iﬁélés ‘
C. la maestra o maestro ensena.en 1nglés y espanol . .
10. Cuando yo explico aléo; lo - hago mejér hablando: ’
R A. espanol : o _ L . L
B. inglés - L
C. xinglés y espaﬁol ;

" 11. Pienso que las actividades’ cientificas fueron m&s interesantes
. cuando los estudiantes hablaban en:. ;. p

A. - espafiol ‘ ‘ C . S o

B. inglé&s ' . -

C. fnglés y espafiol ) ]
12. Prefiero que nuestra.leccién sea conducida en:
) A. espafiol i e

<

B., inglés % x

c. ringléé y espafiol . ' ..
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4 1 ;
’ 13. 8i tuviera oportunidad preferfa ir a una escuela donde: i |
L0 A. se usa solamente espafiol en las clases ~ |
B. se usa solamente inglés en las clases §
. |
- C. se usa inglé&s y espafibl en las clases |
14. Pongo atencibn mejor cuando la instruccién en la clase es en:
" A. espafiol ' : _ .
L] . -
- B. 1inglés
C. 1ingl8&s y espafiol
. ) . .
* 15 Tocante al idioma que los maé@stros usan cuando nos ensefian las
. . lecciones yo quisiera que o
.
4 - ' ‘
. !
’ -3 ’
g .
:‘ ;. . ti‘ “v » 4: 3 h - ~
- }%%5 :\‘ ,‘_..m- . . s
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The foliowing questicns/statements are related to the;
activities you have particxpated in the last few weeks. Circle

the answer that is closest to the way you feel It is important

that you circle the orne you fegl is most like yoﬁr feelings and

-
not those of someone else..

3

?

Number fifteen is for your own cbmments. Write about your

feelings concerning the language used in the science activities.

oot

~
\

fo
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I feel the science activities we did in class the last tWo
weeks were:

A. verf difficult for me to understand

B. sometimes easy for me to ‘understand and sometimes not
easy to understand , . .

C. clear and easy for me to understand

.I think that I can learn science better when 1t is taught in:

A. Spanish

B. English T

. C. Both Spanish and English

The way science activities were presented in our class the
last two weeks was:

A. of 1little or no value for me

B. of some value to me

. C. of great value to me ) -
I feel better when the teacher talks in;
.A. Spanish

“B. English

c. both‘Spanish and English

.1 like to speak:

A. .Spanish in class
B. English in class : 1 R
C. both Spanish end English in class .,
i,think he should use more; | : '
A, Spanish materials‘in class

B.” English materials in class

. C. materials using both the English and Spanish language

M t

* I4
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10.

11.

-12.

'A. Spanish

- C. the teach teaches in English and Spanish ' >

-155-

L g e

O . . . . . .
I think the school should offer more:subjects in: . ,

'B. English o e
C. both Spanish and English. - ' . N : ' 'ft

The language that\the teacher used in explaining our science
activities was: ~ . . . ]

A. not very_nnderstandable
B. sometimes understandable S B Co
C. almost a1ways clear and understanaable
I believe school is more interesting when:
A. the téacher teaches in Spanish

B. the teacher teaches in English

When I explain something I can do it better using.

A. Spanish e

2 .7

) t "4
£ . '

B. English

C. Spanish sometimes and ENglish sometimes

I think the science activities were more interesting when the
students talked in: ,

A. Spanish

B. English

C. both Spanish and English
I feel better when our lessons are in¢

A. Spanish

"B. English .

C. both Spanish_and English -

169
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15. With regard to. the language used by the teachers in the

13. If- I had.my choice I would go to a school where°

A.
-, B.,

C.

+

14, E3 am able to pay attention better to the classwork when the

¢

4

SR

only Spanish iS°used in the classroom

only Engllsh is used in the classroOm

-

s .,

instruction is in: . -

. 'B.

C.

AL
N English

Spanish

*~

both'Spanish and English

« ‘teaching of Iessons in our school I wish

.
!

*.
ta

both Spanish and English are used in the classroom

3
TN 1 5/

-
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RAW SCORES ON FIRST AND SECOND
COMPETENCY MEASURES
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RAW SCORES

ON FIRST COMPETENCY MEASURE

2

Treatment Treatment Treatment Treatment
Group I Group II Group III Group IV
5 3 4 .4
. 5 4 3 5
5 5 ‘5 5
School A 5 5 5 4
5 2 5 4
4 4 3
5 5 3 5
5 5 4 5
4 5 3 4
-School B 4 5 5 5
4 4 5 4
4 5 4 5
5 5
4 5 4 4
5 4 5 4
5 5 5 4
School C 4 5 4 4
5 1 5 5
5 5 5 5-
5 5 4 5
5 5 4 3
5 5 4 4
4 4 4 4
School D 3 5 5 5
5 5 5 4
5 5 5 4
4 4 . 4
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RAW SCORES
ON SECOND COMPETENCY MEASURE
Treatment - Treatment Trgatment Treatment
Group I Group II - Group III Group IV
_ T2 12 12 1
| ‘ 11 10 10 10,
School A 10 9 -9 9
10 7 8 7
. 9 - 7
Sum 6T 39 38 T
"X 10.167 9.500 9.750 8.80Q
2 A
- S 1.37 4,33~ 2.9 3.2
S 1.169 2.082 1.708 1.789
13 13 13 13
13 13 13 13
- 13 13 13 - 13
School B °13 13 ! 13 13
13 13 12 13
13 12 : 13
Sum 78 77 64 78
X -13.000 12.833 12.800 134000
) . . , '
S 0.000 0.17 0.20 0.000:
S 0.000 0.408 - 0.447 0.000
13 13 13 13
' 13 12 13 - ]g
13 12 —_ 12 1
School € 12 12 1] 12
12 12 11 12
11 6 12
Ssum 7% gT 86 73
X 12.333 12.200 ~11.000 12.167
2 .
S 0.67 0.20 6.8 0.17
. S -0.817 0.447 2.608 0.408
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B

Treatment Treatment Tréatmént Treatment
Group I Group II Group III Group IV
R £ 1
13 z 13 13 g 13 :
13 . 13 13 13
12 . 13 13 13
12 - 13 12 12
School D 12 i 12 12 12
11 12 12 12 —
12 12 12
* 12 12
Sum 73 100 .99 87
X 12.167 12.500 12.375 12.429
2 - .
S 0.57 0.29 0.26 0.29 .
S 0.753 " 0.535 0.518 0.535 «+
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guestion 1. I fee1 the science act1v1t1es we .did. nn c1ass
the -last two weeks were.“;ﬂﬁﬁ'f:- ' ,”.”'ff'fﬁajﬂ : -

- *

._‘ .o

A~ Very d1ff1cult for me: to understand ' ”Eifffﬁﬂfg"

B. SOmet1mes edsy .for me_ to understand and sometimes “not’
easy to ynder ‘stand A /
C. Ctear and easy for me ‘o understand i ‘“Jf \\.,{

..-1 -.0"

. Pregunta 1. Creo QUe 1as actiVTdades en eienca que
conduc1mos en c]ase Tas dos semands - pasadas fueron '
A, Muy d1f1c11 para comprender ;' . .
B. . A veces faciles para cbmprender y a=veces dificiles
" para comprender : g
C. C]aras y féciles para comprender

As 1nd1cated 1n Table 7, of 101 respondents 7 percent se]ected
A 57 percent selected "B and- 36 percent se]ected C. In the test

of s1gn1f1cance, there was a dIfFerence between A and 8, A and C,

PR

.~‘.-

‘_Qﬁand,c. At the .05 level B was preferred over A and C.

_ e ‘/Questxon 2. ‘}ﬁtﬁ%nk that I can'1earn*§cience better when

L .'

it s taugﬁf 1n S 7
3§c“ A, Spanish..- ~QJ' . L
; . B. ..English.: .

c. Both Spanﬁsh and Eng]1sh

Pregunta 2. ~Pienso que puedo aprender c1enc1a meaor
cuando se-gnsefia en:’ | L R
A. ~espano1 N - '
B, ingTés '
92' inglés y espafiol
As 1ndicated in Table 7, of 101 /eépondents 7 percent selected A,
31 percent selected B and 62 percent selected C. In the test of
‘,sign1f1cance, there was a difference between A and B, A and C,

B ‘@nd C. At the .05 level C was preferred over A and B.

A
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Question. 3. The way science activities were presented in

“our ciass the last two weeks was:

- 2

A. of little or no value for me
B. of some value to me
C. of great value to me

Pregunta 3. E1 modo que se presentaron las actividades

.-cient{ficas en nuestra clase las G1timas semanas fue:

-

A. de poco o nigin valor para m{
B. de alglin valor para mf
C. de mucho valor para mi
" As indicated in Table 7, of 101 respondents 3 percent selected A,
20 percent selected B and 77 percent selected C. In the test of
significance, there was a difference between A and B, A and C, B

and C. At the .05 level C was preferred aver A and B.

_~ 7

-~ Question 4. I feel better. when the teacher talks in:

A. Spanish
B. English - A
C. both Spanish and English P

. . ‘f; 1
_Pregunta 4. Yo prefiero que la maestra o maestro hable en:
A. espafiol = . \ ' |
B. 1ingl1és \
C. ingl1és y espafiol
As indicated in Table 7, of 101 respoﬁdedts'7 percent selected A,
24 percent selected B and 69 percent selected C. In the test of
significance, there was a difference between A and B, A and C,

B and C. At the .05 level C was preferred over A and B.
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Question 5. I 1ike to speak

.A. Spanish in class : o
B. English in c]as¥ ‘ € R R
C. both Spanish and English in class .

Pregunta 5. Me gusta hablar:
A. espano] ‘en la clase |
B. 1ng]es en la clase
C. 1inglés y espafiol en la clase
‘As indicated in Table 7, of 101 respondents 7 percent selected A,
30 percent selacted B and 63 percent selected C. " In thestest of
significance, there ﬁas a difference between A and B, A and C,

B and C. At the .05 level C waé preferred over A and B.

| guestion 6. T think we shbu]d use more:

A. "Spanish- mater1a1 in c]ass ) S
B. English material--in ‘class . ‘
C materials us1ng both the Eng]1sh and Spanish ]anguage

Pregunta 6. Pienso que débiamos -utilizar mis:

A. materiales espafioles en clase
. B. materiales ingleses en clase. 4 )
C. mater1a1es de las dos lenguas, 1ng]es y espaﬁo]

As indicated 1n Tab]e “7, of 101 réspondents ‘8 percent selected A,
14° percent se]ected B and 78 percent se]ected C. In the test of

's1gn1f1cance, there was a d1fference between A and B, A and C,

"B and C. At the .05 level C was preferred over A"g%d B.
‘ ) ] ", P

e gﬁestion 7. I think the school should offer more.sybjecté

;iﬁ:_
A. Spanish . ’ \ ;‘i
. B. English '
T C. both Spanish and English : N

. 178
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MR

Prequnta 7. Creo que se debe ofrecer is materia (como
aritmética y ciencias natura]es) en::

. {

~ AL espafiol . o _‘ Coe e
- B. 1inglés . L. i
C. 1ingles y espafol- . . i

' LA . {\ i
As indicated in Table 7, of 101 respondents 1 cent’ selected A,

18 percent selected B and 71 percent selected C. In the test of
v . ' g H‘," i
significance, there was a difference between A and B,,A_éndzcj

, . S
B.and C. At the .05 level C was preferred over-'A apd B. Ay
.‘ - " . ‘ . ;’ ' f.~‘ :‘o‘
Question 8. The language that the teachem used in ', 7, . .
. . ' 3 R - "3. . v
explaining our science activities was: ’ CoiL Seos T
- . A. not very understandab]e : o AR , ) .L\_::w;
' B.. sometimes understandable . e e
C. almost always clear and understandable ﬁn. ﬂ{.hl ’

Pregunta 8. El1 idioma que -usé 1la m3estra o maestro para e

. . . - I3 . V
explicar las lecciones c1ent1f1cas - x S _ -
. .ok N ‘{ W - I . = . .
A. fue diffcil para- comprender & s s
B. aveces la comprend1 y a. veces no la comprendl Lt e
" C. casi swempre la comprendf . L N ?h -

LA

As 1nd1cated in Table 7, of 101 respondents 5 percent se]ected A, \,

L

33 percent se]ected B and 62 percent se]ected C. In the test of

sign1f1cance, there was a d1fference between A and’B A and C,

“ B and C. At the 05 ]eve] C was preferred over A and B 3h. .

k] & .
-
,:
ioe,

Questiof 9. I believe schoo] is more 1nterest1ng when:

A. the teacher teaches in Spanish ‘
B. the teacher teaches in English -
B the teacher teaches in English fand Spanish

-Pregunta 9. Creo que la escue]a es mds interesante cuando:
4 .
A. 1d maestra o maestro ensefia en espano]

. la maestra o maestro ensefia en 1ngTes
C. 1a maestra or maestro ensefia en 1ng]es y espafol

. ! 4 '
&4 - N
.

T Q : . .
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As 1nd1cated in Tab]e 7, of 10] respondents 1 'percent selected A,

]

- 8 percent selected B and 80 percent selected C In the test of

[

.;s1gn1f1cence, there was a difference between A and B, A and C,

RN

B and C. At the .05 level C.was preferred aver A and.B. *

.Question 10. When I‘explain something I can do it better

A

using: . S ‘ . o ) T ]
A. Spanish . . ST
B. English .» ' IR L R
€.’ Span1sﬂ sometimes and English somet1mes o
k‘Pregunta 10 Cuando yo exp11co a]go, lo hago mejor

hab]ando ' ' . ] -
A. espano] ‘ - . o -

s B, 1ng]es ' ’ .

C. 1ng]es \ espaﬁo] ’ .

As 1ndk%§ted in Table 7, of 101 respondents 18 percent se]ected

1Y »

A, 44 percent se1ected B and 39 percent selected C.  In the test

of s1gn1f1cance, there was a dxfference between A and B, A and C;

B and C: At the ‘05 ]eve], B was preferred: over C : - BRI -

) 'Qﬁestion 11.- T think the science activities were more N
_interesting when the students talked in: ° - - ,

o - ) L »
AU Spanish . - . : (2
B. English . . . .
C. both- Span1sh and English - B .ot

Pregunta 11. .Pienso que las actividades cientificas

¢y

. fueron mas interesantes cuando Jos estudi%@tes hablaban en:

- A. espafio]l . .
P - B. 1nglés # o e
'!I C .

. inglés y espaﬁo]

( 180
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"+ As indicated in Table 7, of 101 respondents 14 percent selected A,
26 percent se]ecteg B and 6Q . percent se]ected €. In-the test of"

>
s1gn1f1cance, there was a d1fference between A and B, A and c, .,

v;ﬂ» B and C. At the .05 level:C was preferred over A and B ‘

B 2
)

Question 12. I feel better wﬁenrour 1esqus'are in:

A. Spanish
‘B.. English -
C. .both Span1sh “and Eng]1sh

« 7 .
Pregunta 12. Prefiero que nuestra leccion sea conducida
en: S . ‘ : .. ' \ , ]
A. espanol.

~ : ‘B.° inglés .

. C.’ 1ng]es y espafo]l .
As‘indicated'in TabJe'7, of 107 respondents.]] percent selected A,
31 percent selected B .and 58 percent se]ected C. In the te;t of
signiticance; tnere,was a difference between A and B, A and C,

B and C. At tne..OS lTevel C was preferred over A and B. s

Question 13, If 1 héd'my choice I would-go to a §choo]
. ~. . where: y ' | ‘
" A “only Spanish is used in -the classroom 3 .
B. only English is used in the classroom .
C. -both Eng}1sh and Spanish are used in the c]assroom

‘-

' Pregunta_]3 S1 tuv1ena oportun1d&d\prefer1a ir a una

escue]a donde

4
A $~ e | '
A.. se use sorémeﬁte %@panb] en las clases - .
B. .se usa so]ambpte 1ng]és en las clases
. C. se psa inglés’y espahiol en ]as clases
- -

‘As 1nd1cated 1n Tab]e 7, of 101, responﬁents 5 percent selected A

,\\ , s\

12 percent se]ected B andi§3 percent se]ected C In the test of
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significance, there was a difference‘between A and B, A and C,

B and C. At the .05 level C wa’s preferreﬁ over A and B.

)

Question 14. I am able to'pdy‘attention better to the

classwork when the instruction is in: .

A. Spanish
B. English .
C. both Spanish and English

£

Pregunta '14. Pongo atencidn mejor cuando la instruccidn

en la clase es en: -0

A. espanol

B. ing1gs

C. 1inglés y espafiol
As indicated in Table 7, of 101 respondents 10 percent selected A,
3ﬁ percent selected B and 59 percent selected C. 'In the test of

significénce, there was a difference between A and B,AA and C, ,

B and C. At the .05 level C was preferred over A and B.

(1Y

o
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"
VITA
John Reynaldo Juarez was born on Jandary 14, 1942, in"
Artesia, New Mexico to Jesus Luevano Juarez and Ramona Padilla
-ﬁ.y N .. v
Juarez. A 1962 graduate of Roswell High School, Roswell, New .
Mexico, he earned a Bachelor of Arts in Combined Science (1966)
and a Master of Arts in Counseling and Remediation (1970) from New
Mexico Highlands Uniyersity in Las Vegas, New Mexico. His Doctor
of Philosophy degree was earned at the University of Washington,
1976. a ‘
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