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Foreword

Improving Learning in Science and Basic Skills Among Diverse Student Populations is
a rict: resource of information designed to strengthen science and basic skills teaching and
improve learning for limited English proficient minority student populations. The use of
hands-on science investigations as the driving force for mathematics and English language
development, proposed herein, is an instructional principle whose time has arrived. Re-
search indicates that it works well for all students; but especially for limited English proti-
cient students at lower grade levels. To be effective, this teaching strategy must be sup-
ported by teachers who have reasonable familiarity with content — in this case, science and
mathematics content. Therefore these two subjects must be a significant component of the
education and training of all teachers; and teachers-in-preparation, in addition, require ex-
perience in the teaching strategies embraced in this monograph. This experience is essential
because. as the authors state, the usual lecture approach to instruction appears to be more
natural. so teachers require less experience in the use of lecture than they do with what is
hereir referred to as the inquiry approach.

It is especially useful that this monograph attends to instructional materials in science
developed through National Science Foundation support. A number of these materials. some
now commercially available, have been designed to offer students ample opportunities for
the kinds of hands-on investigative science instructional experiences that will improve sci-
ence learning and enhance basic skills development.

I recommend this monograph to all school teachers. administrators and others as they
work toward making science instruction more meaningtul and rewarding tor all students,
including minorities, attending schools throughout the nation.

Luther B. Williams

Assistant Director

National Science Foundation

Directorate for Education and Human Resources




Preface

This monograph considers the latest understandings concerning effective teaching and
learning of science for diverse populations including limited English (language) proficient
(LEP) students in the nation’s schools. The monograph is intended to serve as a resource for
teachers, school administrators, parents, school board members, and college or university
level faculty members who are responsible for the future well-being and advancement of
the next generation of students across the United States and elsewhere.

The materials included herein are based upon the understanding that science and the
English language can be effectively learned together, and that teachers of LEP students
need not place excessive emphasis upon the first language; although the availability of
teachers and aides who have knowledge of LEP students’ first language can enhance in-
struction through its judicious use.

Considerable research has shown the direction for the reform encouraged and supported
in this monograph. The Appendices contain an extensive annotated listing of references to
instructional and other materials beyond those referenced throughout the narrative.

We dedicate this monograph to those who have committed themselves to improving
educational opportunity for all students including the LEP population. Their efforts are
critical in assuring that all students are prepared to contribute effectively to the needs of
society, especially in the areas of science and technclogy. The continued efforts of these
dedicated educators, combined with the approaches proposed throughout this monograph,
will not only well serve the nation, but also the self image and personal accomplishments of
the nation’s most valuable resource: its students.
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Chapter |

Science and Language Instructional Goals for Limited
English Proficient (LEP) Minorities

As reported in the Fuirleigh Dickinson University Alumni News, the National Association for
Bilingual Education honored Robert Pettingi as the Bilingual Teacher of the Year. Pettingi, at the
time of this recognition, was a science teacher at the Martin Luther King Jr. School in Upper West
Side Manhattan in New York City. This school, like many urban schools, enrolls students compris-
ing many cultures including a sizeable percentage who are classified as limited English (language)
proficient (LEP). Historically these students, referred to as bilingual students. are from a variety of
cuitures with varied language backgrounds whose native languages are other than English. How-
ever, these students are amorg many who vary in their degree of limited English language profi-
ciency.

The formal announcement of the Bilingual Teacher of the Year Award indicated that 90% of
Pettingi's students had taken the New York State Regents Examination in biology and chemistry,
and had passed these rigorous tests: an amazing result since 85% of the students had arrived in this
country from the Dominican Republic over the past two years or less. Of these students, 90% suc-
cesstully completed high school and entered some form of higher education.

Roberto, himself an immigrant from Uruguay, achieved such recognition as a ma.ter teacher of
science to LEP students because he understands both the importance of science to society and that
science is an excellent vehicle for teaching and learning the basic skills of both mathematics and the
English language. Aside from academic learning, he is concerned “'for developing students’ self
worth and assisting them to develop control over their own destinies.™ He attributes his success in
teaching to both an excellent education in the sciences and training in tcaching approaches appro-
priate for bilingual student populations.

Pettingi. a motivated protessional, had carlier been employed as a dishwasher. machine opera-
tor. garment cart pusher. and NASA summer education fellow. He utilizes many of the strategics
described throughout this monograph: professional practices. he states, that were learned in part
from his experiences as a graduate student in a program at Fairleigh Dickinson University designed
to prepare master teachers of science and related subjects specifically for bilingual school settings.
These learned strategies emphasize the importance of approaching teaching so that LEP students
hecome proficient in English language through instruction in science.

Supporting others who seek the level of success attained by Roberto Pettingi in teaching science
to LEP students is the primary purpose of this publication. All students, including those who are
limited in English language proficiency, deserve the best education available: all students must be
cnabled to play an ever increasing role in moving the nation's science and technological enterprise
torward.

Through the strategics proposed and examples given throughout this monograph, teaching and
learning 1n the sciences and related subjects can be enhanced for LEP students. The increase in
learning will not only result in improved standardized test scores in basic skills and science, but also
in personal understandings of science and its applications. Improvement in instruction will improve
altitudes about science among this population, as well.

Sarence and Language Instructional Goals For Limited English Proficient (LEP) Minorities ]
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Discriminatory Tracking

The message conveyed by two reports published by the Rand Corporation, Lost Talent (Oakes,
1990a) and Multiplying Inequalities (1990b) was not news to the LEP population. Both publications
present data indicating that in schools having large numbers of minority students, LEP students and
other disadvantaged youth are clustered disproportionately into “low ability” classes. Oakes re-
ported in Multiplying Inequalities (1990b) that these clustered students usually are low-income
individuals who are pre-judged by their teachers to have low academic ability, especially in math
and science. At schools with racially mixed student bodies, the proportion of classes judged to be of
high ability significantly diminishes as minority enrollments increase. This practice, rcferred to as
“discriminatory tracking,” has assisted ir: producing the long-term effcct of severe underrepresentation
of minoritics in advanced science and math courses and eventually among science and math-ori-
cnted professionals in general. The practice of discriminatory tracking must not continue for moral
rcasons. Practical reasons include the fact that African Americans and Hispanics, each constitute
only about 2% of the scientific workforce, even though presently African Americans constitute 10%
and Hispanics 7% of the total professional workforce. This disproportionaie representation of mi-
norities in science is damaging not only to the future well-being of the scientific enterprise, it also
negatively impacts the nation’s competitive edge in the global economy.

Schoo!l Science and Coliege Science Enrollments

The 1992 cdition of Indicators of Science and Mathematics Education prescnts data indicating
that gains in science on the National Assessment of Educational Progress (NAEP) were similar for
H panic and non-Hispanic Europecan American students, ages 9 and 13 years, from 1977 to 1991.
No gain in scores occurred for either group at age 17. The National Center for Educational Statistics
publication, Condition of Education (U.S. Department of Education, 1992), indicates that the per-
centages of minorities compared to non-minorities enrolling in colleges as science and enginecring
majors appeared to have improved slightly from 1977 on. However, the apparcnt increase is mis-
lcading, resulting from a substantial decrease in the percentage of white students enrolling in sci-
ence and engincering majors.

The NAEP test data and college-level scicnce major enrollment data are corroborated by the
poor showings of U.S. students in sciences and mathematics on intermational mcasures, such as
those administercd by The Intemational Assessment of Educational Progress (IAEP, 1992). On the
latest IAEP test, **U.S. 13 year-olds, on average, scored lowest among the major thirteen industrial-
ized nations both in mathematics and science proficiency.”

Special Need for Experiential Science During the Early Years

Data from a number of sources indicate that, on average, ncarly three students out of every 20 in
a typical school classroom lives with a drug dependent parent, is hypersensitive duc to poor dict, or
is afflicted with other challenges to leaming. These figures are higher in Classrooms having larger
numbers of minority students, cspecially in urban schools. The identificd conditions deter students
from lcaming in school. Procedures design-d to address the needs of children who come to school
with these kinds of impediments to lcaming are considered in publications such as Prenatally Ex-
posed Kids in School by Odum-Winn and Dunagan (1994). Lcaming cxperiences must both address
the identificd challenges to lcaming and provide motivation to lcam.

2 Improving Learning in Science and Ba:. Skills Among Diverse Student Populations
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Aruitoxt provided by Eic:

Preschool students from various backgrounds, including LEP students, can be positively influ-
enced by an immediate environment that includes live animals and plants. Students learn from
responding to living organisms and arc motivated to acquire second as well as first language profi-
ciency through observing and handling living-moving beings. They arc naturally motivated to de-
scribe. discuss. and compare the characteristics and behaviors of living beings. At preschool ages,
LEP inhibitions that students have to learning are readily overcome. They readily learn to expand
their native language skills and to transfer such learning to English. The concrete experiences that
require observations and descriptions based on coxtact with living beings provide an effective foun-
dation for understanding more abstract ideas of later science instruction.

Learning about effective nutrition and health by observing the effects of various toods and
other substances on simple living organisms facilitates understanding that mitigates against further
use of abusive substances. Exposure to varied foods such as fruits and meats. in a school context.
will lay groundwork for proper nutrition. Science activities, such as one illustrating that doth coco-
nut meat (fruit) and pork rind (meat) contain fat as indicated by the oily spot they produce on brown
bag papcr. can meiivate students to want to learn more about foods. Young children can learn by
experience that sweetness is not only a property of sugar from cane, but is associated with beet
sugar and saccharine as well, The first two substances are called foods because they give our bodies
the energy we need to move and to live.

These examples are intended to show that development ef language and other communication
skills can be learned through science. At the same time. such skills are essential 1o successtul sci-
ence learning. The process works in both directions. Therefore, language skill development must be
a consciously planned objective of carly science instruction. In both native and the English lan-
guages, that which has been observed and experienced creates a need to communicate effectively.
Section 1T of this monograph includes a series of lessons built around a theme. The lessons empha-
size science investigations that are appropriate and are designed to develop skills for young chil-
dren.

The Spring issues of Daedalus for 1983 and 1990 give especially strong arguments for empha-
sizing English language development in carly education. For example, Damon's article. “"Reconcil-
ing the Literacies of Generations.” in the 1990 issuc proposes that too many young minority stu-
dents are wrning away from the offerings of American school classrooms, including science. not
because they are functionally itliterate but because the literacics of the generations have become
unlinked or disconnected. Damon indicates that to restore the essential literacy links or connections
requires schools to acquire a surer feel for contemporary cultural conditions and to craft academic
programs that stimulate, at carly ages, the inteliectual and moral development of LEP students. In
his article, “Minority status and literacy in comparative perspective.” John Ogbu (1983) reminded
us that the causc of cultural disconnectedness may have roots in the “castelike or involuntary immi-
grant minority history of many at-risk students (and their families). Early intervention is more
cltective than later in overcoming this “disconnectedness™.

Teaching and Teachers® Commitments

Many clementary level teachers argue that they have little time for science instruction because
subjgects like language arts (of which ESL and foreign language should be components) and math-
ematies require most of their available classroom instructional time. Likewise, most high school
level science teachers believe that their responsibility stops at teaching science. They see no need
tor them to be concerned lor language development. Teachers at all school Ievels who take these
positions slight their students, especiaily their LEP students. Both elementary and secondary school
teachers may be surprised to find that science. with its many opportunities for hands-on experi-

Science and Language Instructional Goals For Linted English Proficient (1EP) Minorities 3
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ences. is an excellent vehicle tor both first and second language development. High school teachers
in particular need 10 realize that without knowledge of the language of instruction. little or no sci-
ence will be understood. These realizations will occur only when more teachers gain experience
lcarning outside of their chosen ficlds of study. integrating subjects. if you will, and when it be-
comes clear to them that the school student population has changed dramatically during the past 20
to 30 years: and it will continue to change. Using science as the “driving force™ for enhancing basic
skills will help more students to overcome a number of impediments to learning, impediments such
as limited language proficiency. By restructuring both the curriculum and the pedagogical approach
students and teachers will be rewarded by increased learning.

Deterrents to Effective Teaching

There are three major deterrents to offering quality science instruction: () the limited prepara-
tion in science related subjects. (b) the tendency of teachers to embrace the rhetoric of reform with-
out changing practice. and (c) a lack of long term in-class experiences related to etfective utilization
of reformed pedagogical approaches. Addressing and correcting these detervents is cssential it im-
proved-reformed teaching is to oceur.

Al the preservice teacher education level. especially for elementary school preparation. there is
a requirement in many state certification standards that a (any) “liberal arts major™ be obtained. In
most cases., the requirements for tiese majors are acither liberal nor broad in scope. Instead. they are
narrow and restrictive. As a result, standard program requirements do not enhance the competence
ot teachers to teach science or any other traditional subject. much less prepare them to teach science
to LEP students. A liberal ants major requirement would be fruitful if it encompassed both natural
and social sciences, and was complemented by experiences related to improving communications
skills.

Teaching competence is hindered. also, by the commonly held erroncous belief that knowledge
ot content alone adequately prepares teachers to teach etfectively. Extensive experience and prac-
tice with varied pedagogical approaches is essential: and individuals planning to enter teaching
must learn how to effectively address the societal and personal problems that are retlected intoday's
school aged population. problems that will increase in number unless teachers are prepared to effec-
tively abate them. An emphasis in teacher preparation must be given to instructional strategies other
than lecture and discussion. Teachers require extensive experiences with inquiry teaching and dis-
covery learning using a variety ot resources including hands-on manipulative materials. They must
learn through practice how to reduce the “density™ of fanguage in instruction and to allow students
greater opportunity to construct their own knowledge. Instructional approaches that emphasize inte-
gration of science with the basic skills of mathematics and English language arc essential. Preservice
and inservice teachers need to actually experience the overwhelmingly positive learning that results
from this approach to instruction. The approach is described in detail in an article by Romance and
Vitale (1992).

Serious cttorts to strengthen science teaching, and teaching overall, are presently underway.
The eftorts are being supported by private foundations and industries. as well as by governmental
agencies, including the Education and Human Resources Directorate ot the National Science Foun-
dation and the US Department of Education’s Dwight D, Eisenhower Program and Otfice of Bilin-
gual Education and Minority Language Affairs. The Departments of Defense and Energy also are
offering support directed twoard meeting this critical need. Some literature supporting the needed
reform is provided in the Appendices.

Improving Fearmng in Science and Basic Skills Among Diverse Student Populations
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Chapter 2

Grades N-6 Science/l.anguage Instruction for LEP Students:
The Integrated Activity Learning Sequence (IALS)

Fastructional practices in science for LEP students build upon six principles that underly ettec-
tive teaching of science to all students. However. the degree of English language deficiency of LEP
students calls tor the use of teaching strategies beyond those required tor English proficient (EP)
students. The exampie of a sequence of lessons included in this section are built around the applica-
tion of these principles.

The first principle:

The basic education and training required of those who will teach science 1o LEP students iy
similar to tha, “equired to prepare anv master teacher. There are additional components of
education required 1o prepare these teachers to effectively address more extreme levels of defi-
clencv in English language use among students,

The second principle:

The scrence content taught 1o LEP students should be the same as that taught tex students from
other cultures, language groups, and ethnie backgrounds.

Scienee is a humanly constructed description of the environment. and how and why the envi-
ronment operates as it does. These scientific understandings and descriptions are universal! Science
content does not belong o any single culture, ethnic group, or ability group,

The third principle:

While all science students need 1o know about the contrtbutions o science by mdividuals from

varving cultures, the examples exemplified for LEP students should come from the cultures of
the LEP students.

Today's school science curricutum, overall. includes too few examples ot contributions by sci-
entists from varying cultures, much less from the cultures represented by the backgrounds of LEP
students. The seience curriculum, generally. is overcrowded with the vocabulary of seience and the
details of abstract theories and principles of science. Less theory and presentation of principles must
be included in the science curricutum, and there must be more room tor examples of contributions
made by both the majority and minority cultures.

In particular, Hispanic and other language-cultural minoritics, tfrom all parts of the world, have
made and continue to make signiticant contributions to seientific knowledge. Immigrants to the
United States, especially, have contributed significantly 1o scientitic and technological advance-
ments in this country. Knowledge of such contributions assist in increasing student self esteem and
tolerance. From a language perspective, inclusion of such contributions helps to reduce the density

Grades N 6 Sceence/languaye Instraction for LEP Stadents. The nteerated Fearning X Sequence (1ALS) S
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in presentation of the more technical and abstract components of science content as well as reducing
the density of new technical English vocabulary. Some examples of contributions by immigrants to
science and technology are included below.

Models of Excellence, published and distributed by the National Science Foundation (1991).
and Hispanics in Science and Engineering. published by the American Association for the Ad-
vancement of Science (1992). are two examples of sources that present successes by minorities in
science. One example of success is that of Dr. Alexander Cruz who grew up in the Puerto Rican
section of Brooklyn, New York, where os a school age student he studied various plants and animals
collected from vacant city lots. Now a Professor of Biology and a rescarcher at the University of
Cotorado. he ofters minority students the opportunity to work during summers assisting with re-
search conducted in university laboratories,

Another example of a minority's contribution to science is that of Dr. Maria Eleana Zavalia,
daughter of migrant farming parents in California. As a child she watched her grandmother grow
herbs and use them as medicine with sick migrant workers, Maria became interested in studying
more about plants and eventually she carned a doctorate degree in botany trom the University of
California at Berkeley, Now, she is a Professor of Biology at the California State University at
Northridge, In this role, Dr. Zavalia is active in the Society tor the Advancement of Chicanos and
Native Americans in Science and Engineering, which supplics minority students with information
about opportunitics to study and to work in the sciences.

Perhaps the most signiticant contributions by scientists from a single minority culture resulted
from the emigration, in 1989-1990, ot 40.000 students who were citizens of the Peoples Republic of
China. Many of these minority students spoke littie English, vet they were involved in graduate
fevel study and researchin the sciences and engineering in the United States. These LEP minorities
sought, in 1989, political asylum following the Democracy Movement-Tianamin Square suppres-
sion. What a wondertul cultural example tor LEP students to know @bout; one that integrates the
natura! and the social sciences.

Learning that individuals of many cultures have contributed to, and coatinue to participate in.
the advancement of science in the United States benefits all students, particularly those of
underrepresented groups. especially those with LEP backgrounds, While itis essential for minority
students to become cognizant of the contributions of members of their cultures to the advancement
ot scientific knowledge. here and elsewhere, majority students also benetit from being informed,
for it serves to toster respect, acceptance, and admiration of all who have contributed from a diver-
sity of backgrounds.

Cultural relevance is also enhanced through teachers calling upon appropriate analogies that
take into account past experiences within cultures, as well as experience with the objects that are a
part of these experiences. For example textbooks in chemistry use the following analogy to de-
seribe the concept of activation energy. Activation erergy can be analogized to golt balls bouncing
around in the redar of a moving station wagon, Exvery so often a golt ball bounces tar enough to go
over the back of the rear seat and Tand on the seat. Onee a golf ball gainy enough energy. it will
hounce over the back of the scat and fall with no further addition of energy.

For recent Hispanic immigrants, this analogy probably is not meaningful, crat feast it would be
tar more meaningful to refer o a burro driven carreton carrving pinones. Such analogies that reter to
objects from students’ most recent cultures, assistin making abstract ideas or explanations of sci-
ence conerete and thus more meaningtul

Bnproving Fearnimg in Science and Bavic Shidls Anong Diverse Student Populations
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The fourth principle.

Science instruction is most effective when the content is organize d around common themes.

The themes can be broad science concepts such as: the particle 1'ature of matter, magnetic en-
ergy. energy transformations, chemical change, food chains, evolution, and so on. Or the themes can
be societal issues such as: petroleum utilized cither as a fuel or as a source of building materials: the
pollution and puritication of water: the impact of drugs on the physiology and behavior of living
organisms: the impact of nuclear energy on society: gene identification and the impact on agricul-
tural practice of gene splicing: or the role of science in supplying services and goods to urban
dwellers.

The common theme approach to the organizaton of content otfers several pedagogical advan-
tages o instruction, especially for LEP students. One advantage is that this form of content organi-
zation ofters more opportunities to include information that is relevant to the present and future
needs of students. Scecond, this approach extends the time over which single topics are studied
resulting in more time for students to comprehend. Even more important, is that opportunity is
afforded tor students to practice and to use English vocabulary and the associated svntax grammar.

The net result of the organization practices indicated above is that it supports English language
development and interest which increases the probability that students will want to ledarn more sci-
ence and language. eventually on their own. [t can be seen that especially when societal issues serve
as the organizational outline for science instruction the whele approach to second language instruc-
tion is practiced. When coupled with hands-on science experiences, carefully structured coopera-
tive group instruction, and reduced dependence upon a single textbook building instruction around
broad-extended areas of scienee significantly increases opportunities to utilize and develop all of
the basic skills,

Indeed. itis ditticult when building instruction around broad themes nor o integrate traditional
subjects, as indicated by the tollowing articles: “Start with science,” (Mechling, 1991), and “Estub-
fishing a research base for science education: Challenges, Trends and recommendations™ (Linn,
1987).

The fitth principle:
English language development must be an integral objective of all science instruction,

While this principle is inherent in the tourth principle, especially tor LEP students, English
language development as an integral component of all instruction requires special emphasis.

Inaddressing this principle. science teachers as well as teachers ot English as a second langruage
need o cooperate in designing science instruction to insure that English language skitl development
is enhanced. These cooperative plans should minimize “pull out™ type sessions: substituting instead
opportunities tor students to carry out science-driven investigations working in cooperative groups.
These groups shoutd be structured to assure that cach includes students with varving fevels of En-
ghish Tanguage proficiency. The scienee investigations need to be designed <o that they Tead nati-
rally and purposctully to English Tanguage activities like the tollowing:

o Keeping adictionary of new scienee terms,
L]

Interpreting the procedures used in carrying out cach science investigation as well as writ-
ing summarics ot the results ot cach.

Crade s N O Science Lanyucee Tastraction tor LHP Studdents [he Intevrated Tearnmye Aciah Sequence d A LS
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o Writing to a friend about what was learned trom the scienee ivestigation.

«  Reporting. orally, to the class or to the cooperative irstructional graup the results ot a re-
cently completed science activity,

«  Developing. as a cooperative group. a written summary of the results of the science inves-
tigation just completed and reporting these results orally to the entire class, using a panel
format.

+  Organizing and presenting a science investigation to the school as an assembly program.

+  Planning and carrying out in groups science fair projects resulting from a series of related
investigations.,

«  Developing an English language or bilingual newsletter for parents that tell about science
activitics carried out by the class.

o Completion of crossword puzzles that include words and detinitions related to the science
theme.

o Writing and acting out short plays that utilize large poster size English language prompt
cards made by students.

.

Drawing pictures depicting the science they have learned and writing about these pictures.

Many science trade books tor children, written at appropriate levels of English competency.
should be included as major holdings in the school or classroom library. (See Appendix A) Students
should Tearn to search tor appropriate books, those that address the specific science topic under
discussion or study. This will require direct teacher assistance until the habit is formed and until
fanguage has developed o an appropriate level. Reading of these books can oceur in groups or
individually with LEP students reporting on what they have read. or through discussing what ques-
tions arose from reading about specific science topies. The books should include simply written
biographices that indicate the contributions of scientists, especially about minority scientists.

Teaching strategies designed to integrate English language with science instruction also should
be used agdin as part of the assessment of students learning in science and language. For example,
students may draw a picture deseribing what has been learned through a science activity. This may
be tollowed by their writing about the picture. This communication process then should be utilized
later on as part of assessing learning. Remember that the major goal of the instruction in science i
alwass improved English Linguage proficiency, as well as improved communications generally.

A final principle:

Nodnmtrucriomal strategy will be ettective unle s the teacher serves as advnamic, caring, know!(-
cdeeable role model tor ledarmimg,

This means that teachers must show theie enthusiasm for continued learning and have as posi-
tive an outlook for scicnce instruction as they do tor the more traditionatly taught subjects, espe-
cially at the elementary school level,

Instructional Approach: The Integrated Activity Learning Sequence

All of the above recommendations related o instruction are incorporated in the sample Inte
grated Activity Learning Sequence (1ALS) included in this section, What we have called the “TALS
Approach™ is based upon the above principtes as welb as on the need to reduce dependence onuse ol
asingle texibood ininstruction. That hind ot traditional emphasis generally does not toster anin-depth

Inpres ey Learnene i Scence and Basie Skdls Ameone Doverse Student Populations
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understanding of science. enhance the development of scientitic processes, or otter the greater op-
portuniey for language development.

Insiruction that is dependent on a single textheok reduces the necessary tlexible approach re-
quired to ettectively address thematic issues as well as the use of the whole Tanguage approach in
instruction. Newer curriculum materials that minimize dependence on being able to read English
fluently are becoming available. The newer materials limit the dependence on new vocabulary, and
they include guidelines for teachers that direct them and their students to varied sources of informa-
tion for usc inthe inguiry teaching and discovery learning process. Examples of the newer materials
include Descubrimiento or Finding Out, published by Sanuliana Publishing Co.. CheChe Konnen.,
under development by the Technologies Education Research Corp: and the Projecto Futuro instruc-
tional materials from the American Association for the Advancement of Science, as well as materi-
als trom the Science/Math Integrated With Language tor Elementary Schools or SMILES Project.
The TALS approach is exemplified in materials produced by the SMILES Project. The materials
identificd here as examples are available and their ettectiveness with LEP students is being studied.
These materials and others are referenced in Appendix A.

This monograph includes two examples of TALS materials. In cach TALS. scicnce serves as the
driving force tor instruction, and fessons integrate science. mathematics, and language (Englisty.
The first of the two TALS (for the lower elementary grades) is included in this chapter. while the
seeond (for the high school grades) appears in Appendix B.

A Science-Driven TALS for the Lower Elementary Grades

The tollowing TALS ¢"How Do Living Things Behave?™y includes some activities that are fa-
miliar to many lower grade teachers ol LEP students. It also includes some unigue and significant
components such as g demonstration of the impact of drugs on living beings. This TALS can be
adapted easily for use with upper clementary school level LEP students who have not had the expe-
ricnces at carlier grade levels.

The two sample TALSS included here and in Appendix B present a tramework for instruction.
feaving cach teacher the opportunity to vary the instruction based upon his/her own professional
expertise and judgment, The final instruction must be based upon knowledge of the experiential and
knowledge background of his or her students, and of the language readiness ot the LEP students
under his or her charge.

The TALS presented here begins by utilizing living animals tamiliar o many young children:
guppies. Also notice that the initial science content is very conerete and that the fevel of mathemat
108 required s very basic,

This TALS is organized into vertical columns with the tollowing headings: Preporation and
Muaterials, Students and Teachers” Acovities, Assessment of Learning . Content and Process Learn
ine Objectives, and Sample Questions Students Mav Ask. These five columns are included o indi-
cate the scope of information and concerns to be addressed in planning for and carrying out instrug -
tion. It will be clear from examining this TALS guide that the scope of information is significant
because the proposed instruction encompasses several disciplines,

Teachers are reminded to bring together all of the required instructional nuaterials prior to it
ating the TALS . Ttis important for teachers who have limited experience inthis area of instruction o
remember that they continue (o learn with their students, T this sense. they should be willing to
practice untamiliar hands-on procedures prior o introducing them to their TEP students,

The English names tor the objects or materials for cach investigation should be reviewed with
the students prior to beginning the activity in which the object or material is first used. A way ol
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doing thivis to have students use Post-it™ Notes and a magic marker to make “home Tabels™ Ample
oral reference to the names on the stickers should be made as teacher and students carry out cach
action, For example. sav: T am fitling the fish tank with water. The water comes from the faucet.”
Say this as you turn on the taucet and actualiy fill the tank with water. Ask students to repeat such
verbal deseriptions of action. Be certain that your statements are short and simple. Always use
complete sentences and give emphasis to action words. The action words included in the TALS are
underlined. The first two columns in addition to the actions to be undertaken by both teacher and
students also includes the materials needed to carry out these actions,

The column tabeled Assexsment of Student Learning includes simple activities that, when eni-
bedded in the instruction. indicate to knowledgeable professionals, in a tormal or informal way, the
extent to which cach instructional objective has been met. Favorable reactions by students to cach
actv ity indicate that learning is occurring: while untavorable student responses indicate cither lack
at serence understanding, Tack of English language understanding. lack ot both, or fack of overall
cxperimental buckground. Knowledeeable professionals will be able to discern the causetsy and
adjust their teaching accordingly, For purposes of Tanguage development students should be oftered
opportunity to repeat the activity and to re-explore the tanguage and content. 1t is most important
that teachers nor develop the pract:ee o1 tetling students what their answers should be or what they
should learn. Telling i~ too language dependent, thus assuring that learning will be minimal. It is,
however, very appropriate (o assist students in sunimarizing, orally or in writing, what they have
learned.

Avery usetul strategy that will enhance English learning is to assist students in orally designing
their own guestions and then writing these down. This should be followed by students seeking
answers o the guestions and writing these answers on paper. The column lakeled Sample Questions
Stedenty Mav AsKisincluded 1o assist teachers in helping LEP students phrase their own guestions
using the English lunguage. and in preparing tor instruction,

Teachers ot LEP students who use the TALS may argue or believe that thes are “sacnificing”
content “eoverage.” This is a natural reaction tor more traditional teachers who are exposed to less
directive approaches to teaching, Onee the TALS is ried. itwill become very elear that this approach
toanstraction leads 1o inereased coverage of contentacross the disciplines as well as deeper levels of
understanding across the disciplines, The paradox in teaching is that this process ot “sacriticing”
content. results ininereases inhoth the amount and lesel ot fearning, That is covering less results in
UNCOAVCTING ore

The column tabeled Comtent and Procos Learmyg Obre nves includes statements of processes
and sKills assoctated with seience. as well as wath the other disciplines. The development of these
processes and shills becomes an integral component of cach student” experiential base: a buse that
v soonecessars tor more advaneed learning.

In planning tor teaching the TALS. reachers should oreanize students into heterogenous coop
cratve groups Use of these groups ininstruction tosters maximunm student oral and written an-
grepe development o produce the bestresulis it is important that the cooperative group approach
sturt at the beginning of the schoot vear. because students do not respond casity to changes in cliss
rocm organization once the school sear is underway

When cooperative groups are organized i clissrooms where TEP students have varsing de
grees of bBonglish Tanguage proficieney. or when the T EP students come from varving fanguage
cultural bachgrounds. cach should be stiuctured o include substantial variation in language back-
ground and level of English competence. This will toster peer teaching o language To assure
maximum involvement ot all students within cavh group. cach student should be assipned a specitic
tash. suchas chieh experimenter or seientist assistant. equipment and materials distributor, recorder.

-
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observer. communicator of results, reader, measurer, mathematician, and so forth. These assigned
roles should be rotated among the students starting with each science investigation. This procedure
offers students maximum opportunity for varied experiences and enables them to make a variety of
contributions. On beginning a science investigation and follow-through activities it is helpful for
cach student. in a group. to write down the nature of his or her assignment and to wear a tag remind-
ing him or her of the assignment. ““Translator™ roles should be assigned to students who have profi-
ciency in the primary language and/or in English. As the language proficiency of individual students
improves. the role of translator should be rotated appropriately. Teachers and aides must comple-
ment the roles of students as interpreters. The increasing role of ESL specialists, classroom teachers
and teaching aides as interpreters increases as the instructional group members language compe-
tence increases in language homogeneity.

Science and language competence as well as social values are learned as students cooperate in
cleaning up materials following cach investigation. Effort should be spent assisting students in
phrasing their own questions in English. Teachers should also remember that an 1ALS is not in-
tended to be prescriptive. Science results may vary and language learning will vary cach time the
IALS is used in instruction.

The TALS is designed to be completed in a period of 8 1o 10 hours of instructional time. It is
important. however. for teachers to allow additional time. if necessary. to repeat activities and to
enhance instruction in other ways to ensure that the appropriate English language and math skills
arc developed and that science knowledge understanding occurs. The teacher should plan to divide
the TALS into manageable and meaningful lessons taking into account nersonal classroom sched-
ules. Teachers will discover that students will be able and willing to spend more time being involved
with cach activity or investigation and follow-through than was originally plunned. This phenom-
cnon does not indicate unusual difficulty in learning: instead it indicates interest on the part of LEP
students tor the hands-on investigative nature exemplified by the TALS.

For high school teachers. the second sample TALS presented in Appendix B includes substan-
tive science and mathematics content, ax well as activities designed to develop science oriented
psyveho-motor skills,
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Chapter 3

The Nature of Science-Driven Instruction for LLEP Students

Teaching Methudologies in the Sciences

Isidore Rabi, a famous immigrant scientist, is quoted as saying that when he was a child he
came home from school cach day to a mother who did not ask him: "What did you lcarn today?”
Instead she asked. "What important questions did vou ask today”?" He attributes his successful sci-
ence career 1o the wisdom of his mother. Clearly she helped to develop in her son what should be the
true meaning of'inquiry in school, students asking questions! But do students have frequent oppor-
tunities to ask questions in science classrooms?

As indicated in Define vour terms (Sutman,1995), classroom science activity as generally prac-
ticed follows one of two instructional approaches called leciure/discussion and inquirv/discovery.
Instruction includes the activities of both teachers (teaching) and students (lcarning). Lecture (teach-
ing) and discussion (learning) are paired because they usually occur together: as is true for inquiry
(teaching) and discovery (learning). The term lecture indicates the approach to tecaching through
which teachers convey or transmit information to students. usually the information they wish stu-
dents o learn. This “telling™ often is accompanied by discussion, a form of learning that should
involve students in verbal interplay, that assists them in better understanding what is to be learned.
In actual practice. discussion usually involves the teacher asking students questions with the expec
tation that they will supply the answers. “Discussion™ so often takes this form that the term has
hecome a misnomer.

Rescarch by Mary Budd Rowe and others indicates that during most classroom “discussions”
teachers ask questions and allow only a very short period of time (two to three seconds) to receive
students” answers, Usually answers are not forthcoming and the teacher invariably catls upon one
student and then another. Many times when no student answer is forthcoming the teacher eventually
answers his or her own question'

In classrooms where teachers continually abuse the discussion process by asking all of the
questions and then supplying most of the answers, there is little or no opportunity tor students to
pose their own questions or to discuss or debate issues. In too many classrooms, especially those
including LEP students. students very rarely ask questions in cither English or their native tongue.,
This is not the sort of environment that would have encouraged students like Isidore Rabi to ask
guestions.

Inquiry-oriented classrooms toster discovery learning environments in which students are sup-
plicd witha variety of resources designed to assist them in finding answers to their questions. In this
environment the teacher is one of many instructional resources. including: laboratory materials and
cquipmentto be used in hands-on investigations, the library, community-based specialists who visit
classrooms. field trips. reference books. newspapers, and other media such as videotapes, tilms, and
computer programs, Through quality discovery experiences. LEP students in panticular learn to
learn on their own, This should be a major long-term goal of science instruction.

The TALS presented in Chapter 2, as well as the example included in Appendix B, presents
cvamples of eftective inquirytteaching/discoserytearning) science lessons. They begin with a chal
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lenging hands-or science activity that yields unexpected or unusual results that lead students. natu-
rally. to ask why or how?

It is useful to think of the inquiry/discovery approach to instruction as being on one end of a
continuum with lecture/discussion on the other end. Table 1 indicates this continuum as well as the
characteristics associated with each approach. Note as an example that when teachers emphasize
lecture/discussion. they become the center of instruction. and the success of the instruction depends
very heavily. especially for LEP students. on understanding language. At the opposite end of this
continuum, inquiry/discovery instruction is more student-centered and successful in terms of learn-
ing because it often is much less dependent upon unfamiliar language.

Inquiry/discovery is an especially usctul instructional approach to science learning for LEP
students because it supports better understanding by students of their own questions. and ofters

opportunity for them to assist onc another in phrasing answers to questions through tcacher-man-
aged discovery activities.

Teacher-Proof Curriculum

Considerable debate has occurred over many years regarding the development of curriculum
materials that can force or mold teachers to emphasize an inquiry/discovery instructional approach.
This torced approach is sometimes referred to as a “teacher-proof curriculum.”

Many science instructional materials claim to be inquiry/discovery-based. usually because they
depend very extensively on hands-on science materials. The truth is that, even with hands-on mate-
rials. science teaching can end up as lecture/discussion-directed if teachers are not conscious of how
to use arother approach. Special training and practice under the guidance of knowledgeable. expe-
rienced professionals arc needed. in most instances. to assure that inquiry/discovery instruction is
emphasized. When effectively utilized. many desired learning outcomes arc enhanced.

Inquiry/discovery-based instructional materials can be ineffective with LEP students when the
written materials are at too high an English language readability level. Such high levels of readabil-
ity result in disinterest and little learning. This section as well as Appendix A includes information
about selected science instructional materials with information about readability levels.

Inservice teacher training or professional enhancement to facilitate inquiry/discovery occur
through the actual development of sample inquiry/discovery-based materials. This strategy works
best when teachers ccoperate with each another and with a master teacher who is experienced with
this approach in a school environment that is supportive of the approach.

Examples of Recent Science Instructional Materials

Almost all of the instructional materials in the sciences for LEP students distributed to schools
by commercial publishers are traditional in that they call upon students and teachers to read exten-
sively in English. Some of these materials are also available in both Spanish and English. a practice
that does not support development of English Janguage proficiency.

Even for majority English proficient students, excessive language usage is not sound instrue-
tional practice. Below are examples of science instructional materials that better serve science.
language, and miathematies teaching and learning tor LEP students.

Flementary School Level

Provecto Funro €1992) is 4 source book for teachers ot LEP Hispanic students developed by
the American Association for the Ady ancement of Science. The source book contains science con-

ERIC
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Table 1

Some Characteristics Of Two Approaches To Science Instruction

Inquiry/Discovery <

Less dependent on untamiliar
language

Science content is “uncovered”
through actvity, and the
relationships among components are
explored

Develops improved attitudes aboul
science, scientists, and science
instruction

Increases the learning of second
Fanguage skills when supported by
group based classroom organization,

L.eads to greater devetopment of
both process and manipulative skills

Offers students greater opportunity
to construct their own knowledge

Allows for more experiencesin the
real work world

Resubts in reduced school dropout
rates

Results in constructive discussions
among students & between students
& teachers

Requires a less traditional form of
teacher preparation

> Lecture/Discussion

More dependent on untamiliar
language

Science content is covered inan
enevcelopedic way

Destroys positive attitudes about
seience. scientists, and scienee
instruction

Reduces the earning of second
language skills, Does not lend itselt
1o group-based classroom
organization.

Leads o lesser development of
process and manipulative shills

Leads to short-term tearning of pre-
designed content, vith little
opportunity to construct knowledge

Does not toster authentic
experiences in the real work world

Results inincreased school dropout
rate

Results in quicter classroons
environments preferred by muny
school administrators

Requires a more traditional torm ol
teacher preparation

The Nature of Science Drven Instructin for EP Students




tent information for the teacher as well as suggested worksheets tor students, both in English and
Spanish. Included are six units on related materials, as well as appropriate references. Of great value
are the tollowing introductory sections: Hispanic culture, past and future. Integrating hands-on
activities and cultural conmections. and a resource guide, Locating hispanic science and engineer-
ing role models.

Science for Life and Living (1990) is a textbook series developed by the Biological Sciences
Curriculum Study or BSCS Inc. and published by Kendali/Hunt Publishers. This instructional pro-
gram, supported by the National Science Foundation, contains many hands-on science activities
related to health and social science issues. The materials are at a tow readability level which makes
ita uselul resource. Users will want to be cautious of some content errors and of the highly prescrip-
tive approach.

Full Option Science Studv (FOSS) (1991) is a modular seienee program developed at the
Lawrence Hall of Science (University of California. Berkeley). Funded through the National Sci-
ence Foundation, FOSS was designed to be used as a supplement to traditional basal science pro-
grams for the upper clementary and middle school grades. The hands-on science investigaiions of
the FOSS program serve LEP students etfectively when used as the basis for science instruction. but
only when used by teachers who are reasonably knowledgeable in science. The FOSS program.
published by Encyclopedia Brit2-.uca Films Inc.. is being expanded into a complete curriculum for
the middle and upper clementary school grades.

Kids Network (1990), a supplemental science program. is designed for use at the middle and
upper clementary grade levels. The program developed by the Technology Education Rescarch
Corporation (TERC) and published by the National Geographic Society. is an inquiry/discovery-
oriented science program that utilizes computer technology. The hands-on work. cooperative shar-
ing of data and language structure of Kids Network make it very appropriate tor the English lan-
guage development by LEP students. On the negative side, the program is somewhat costly o
implement. requiring computers and networking capabilities.

Findimg Outor Descubrimiento (FO/D), (1988), a supplemental instructional program designed
specitically for use by LEP students, K-6. consists ot a series of activities outlined on Jarge cards.
categorized by seience topics. Each card includes directions and drawings to assist students in con-
ducting measurement-oriented activities. Directions for these activities are in both Englishand Span-
ish. FO/D. developed by DeAvita and Associates and published by the Santillana Publishing Com-
pany. is especially eftective in introducing science content to LEP students as well asin developing
hasic measurement and math skills, If the Spanish translation is used judiciously, FO/D serves et
fectively to develop English language among LEP students,

Science and Technology for Children, a tull elementary level science program under develop-
ment by the National Sciences Resources Center of the Smithsonian Institution and the National
Acadeniy of Sciences, consists of instructional thematic modules that places emphasis on hands-on
investigations. Kits of science equipment and materials and written directions, are available. Free
teacher training is also available when kits are purchased trom the Carolina Biological Supply Com-
pany Although not specitically directed o LEP students, this program could eftectively serve aca-
demically-able LEP students at cach K-6 grade level.

Project SMILES (Science/Math Integrated with Language for Elementary Schools, a science
driven instructional program designed specitically tor LEP students at the elementary school level.
is a series of thematic units or /ntegral Activity Zearning Sequences (IALS) Asindicated in Chapter
2. cach TALS is introduced through a science activity producing unanticipated results followed by
other science investigations and appropriate related activities desigoed to develop both math and
English language skills. The activities are designed to be taught in cooperative group classroom

to
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settings. This program is being developed through the Science and Mathematics Teaching Center at
Temple University in Philadelphia. PA. The format of the IALS. is at present, limited to a teacher’s
guide that includes directions for teachers of LEP students.

Secondary School Level

Chemistry and the Community or ChemCom (1988, 1992). a chemistry instructional program
developed through the Division of Chemical Education of the American Chemical Society. is de-
signed tor use at the 10th or 11th grade level. The English language readability level is grade nine
and the science vocabulary is not too dense. ChemCom includes ample hands-on investigations in
buth science and its social science applications, ChemCom has been shown to effectively serve the
instructional needs of the high school level LEP student population. The program, which contains
narrative and investigative activities under a single cover. is published by Kendall/Hunt Publishers

Supplementary workbook materials, developed on the Cognitive Academic Language Learning
Approach, (CALLA) model. are published under the title ot Content Poinis A: Science. Mathemat-
1es and Social Studies Activities. These materials. published by Addison Wesley Publishing Com-
pany, contain mostly paper and pencil activities. The few hands-on science activities included are
prescriptive; limiting their use for science knowledge and language development. There is little
carry-through from onc lesson to the next. reducing opportunities for students to develop the scien-
lific terminology and other related language structures,

The above analysis indicates need for additional inquiry/discovery-based science instructional
materials for use by LEP students. The development of such materials should be guided by the
premise~ proposed in Chaper 2.

Teaching Science and Language Competence

Developing both science understanding and English language skills concurrently requires spe-
cial attention to how communication occurs between teacher and student. Lemke. in his book Talk-
ing science: Language learning and values (1990), provides examples of the poor quality ot oral
communication that occurs in oo many science classrooms. Below is a typical direct quotation of
such communication recorded during class sessions in high school chemistry:

Teacher:  This is a representation of the one S orbital.
S'posed to be, of course, three dimensional
What two elements could be represented by such a
diagram?— Jennifer?
Jennifer.  Hydrogen and helium?
Teacher.  Hydrogen and helium. Hydrogen would have one
electron somewhere in there, and helium would have —- 7
Student Two electrons.
Teacherr  Two — This is -— one S and — the white
would be - Mark?

Mark Two S,
Teacher Two S And the green would be ~---? uhh - -
Janice Two P. Two P

Teacher  Janice

The Natwre of Science Devven Instrae tion tor [EP Studenty
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Janice: Two P
Teacher: Two P. Yeah, the green would be 2Px and 2 Py.

From this typical example, note that thoughts are left incomplete, that emphasis on grammar
and appropriate language structure is ignored, and that very little is expected from students interms
of understanding content beyond what is to be memorized. Also, note that the only question asked
by the student (Jennifer) is procedural, merely questioning her own response, and doing that in an
incompletc way. '

Lemke refers to this form of discouse as “‘question-answer-¢valuation pattem’ or “triadic dia-
logue.” In ignorance, many teachers refer to this form of sloppy interaction as *‘discussion.” Lemke
indicates that this form of instructional dialogue *‘stacks totally against leaming cither science or
language.” He also assents that triadic dialogue is a pattern that students quickly and easily adopt,
and that its use only accomplishes maintaining some form and degree of teacher control. If this
example indicates poor quality science-language instruction for majority students, imagine the
poor level of instruction that its use offers LEP students.

In the above example, the teacher provided no assistance to students in learning how to con-
struct workable “science sentences” and “science paragraphs.” The example shows a lack of plan-
ning to teach students how to combine terms and meanings, how to speak, how to ask questions,
how to argue, how to analyze, or how to write science. It *appears to take for granted that students
will just catch on through a less than formal approach to instruction.” Lemke pleads, “Is it any
wonder that so few [students) succeed? Or is it any wonder that those [students] from social {and
ianguage] backgiounds where the structures, preferred grammar, rhetorical pattems, and figures of
speech are least like those of science, do least well?”

Lemke presents several useful teaching ‘‘comporients” designed to improve English communi-

cations overall in science classrooms, including LEP classrooms. These components are summa-
rized below:

+ Give students more practice correctly talking science.

+ Teach students how to combine science terms, first in simple sentences, then in more com-
plex sentences.

» Teach students the minor and the major genres of science writing.

« Help students to translate back and forth between scientific and colloquial statements of
the same idca.

» At advanced levels, discuss formal scientific style and the use of informal humanizing
language in describing scientific content.

+ Describe and demonstrate, using simple investigations, the relationships between what is
observed and the explanations for what is observed (theories).

* Present science as a fallible human social activity, rather than as a superhuman infatlible
activity.

+ Emphasize that science is a way of talking about the world. This talk need not be more
difficult than talking about any other subject.

+ Adapt tcaching and testing to students’ cultures.

« Give students practice using science to address policy issucs according to their own cul-
tural values and their more immediate interests,

* Acknowledge and then work to resolve conflicts between the curricutum and students’
socictal values.

24 Improving Learning in Science and Basic Skills Among Diverse Studeni Populations
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Practices Emanating From the Constructivist Model

The message of this chapter, Science Driven Instruction, is cmbodicd in what today is referred
to as the constructivist learning theory The uscfulness of this theory is supported through research
indicating that most students enter schoo! with misconceptions about both natural phenomena and
the explanations for these. Rescarch also shows that science instruction as presently practiced in
schools, for the most part, does not casily climinate the misconceptions, cven among able students.
Even students who perform well on standardized tests too often arc unable to apply memorized facts
and algorithms to correctly interpret experiences. This phenomenon compels educators to seck other
than a "“rotec model” for instructional practice. The constructivist model is based upon the premise
that the degree or extent of successful learning outcomes is dependent upon offering more opportu-
nity for students to construct their own learning. The extent to which this construction occurs de-
pends upon cach student’s personal knowledge at the time of instruction, the nature of the commu-
nication used in instruction, and the rate at which this communication occurs.

LEP students often come to science instruction with levels of experiences and personal knowl-
cdge different from the norm. And. they come with varying levels of abilitics to communicate in
English. Therefore, to be successful in school, these special students must become involved through
school in a rich variety of language and other stimuli; and the instruction must be structured so that
the pace or rate allows for individual flexibility.

In a National Science Foundation publication, Von Glasersfeld (1988) indicated that the exist-
ence of objective knowledge, and the possibility of communicating that knowledge through tan-
guage, has been taken oo much for granted for all students. Faith in objective scientific knowledge
has been unquestioned, and this faith has been the basis for the “failing™ approach used in most of
the science instruction occurring in the schools, especially science instruction for LEP students.

Teachers constrained by the traditional school structure and by the perceived need to prepare
students for standardized tests expected all students to achieve the same level of lcarming. The need
for students to perform well on standardized tests drove instruction moie toward conformity or
leveling.

Science instruction built upon the “constructivist theory” deemphasizes leveling and instead
challenges cach student to reach high expectations at his/h2r own level of competence.

Following is a list of instructional practices that grew directly from the acceptance of
constructivism. This list, significantly revised by the authors, was first presented by Yager in The
Constructivist Learning Model (1991), and is directed toward the instruction of LEP students.

« Scck and use questions, expericnees, and ideas proposed by LEP students to guide the
preparation and presentation of science directed instructional units.

«  Promote cooperation over competition in instruction ainong LEP students,

«  Usc open-ended questions developed both by teachers and students, and guide LEP stu-
dents so that they fully cluborate on their responses to these questions.

¢ Develop an environment within a planned framework that offers LEP students ample op-

portunitics to explore their own ideas.

Offer LEP students opportunities to chatlenge cach other's explanations and approaches,

both individually and within cooperative groups. The group approach should allow for in-

teraction among students, as well as students with teachers and bilingual aides.

+  Allow students adequate time for reflection, analysis, general problem solving, and under-
standing, using both the (irst language and English,
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« Involve students in investigations that require hands-on materials, both individually and in
structured groups. Investigations should be used more often to introduce topics or concepts.
and less often to verily what is known.

« Ltilize lectures. demonstrations, note taking. films. and so on for summarizing rather than
{or introducing lessons and units.

*  Assure ample opportunity for student seif-evaluation,

«  Design instruction so that teachers and textbooks are less used as sources of information.
Make available 4 variety of other sources of intormation.

¢ Assure that there are ample opportunities tor LEP students to apply learne:d knowledge and
skifls to new situations.

fis clear that the practices stated above are consistent with those proposed cat.ier in relation o
inquirs/discovery oriented instruction. Also. it is clear that there are similarities between practices
growing out ot constructivism and the whole or natural approach to language development as de-
scribed in Portraits of whole language classrooms (Mills & Clyde. 1990). The whole language
approach deemphasizes memorization ot language and gives ermphasis to language skill develop-
ment and comprehension through its use in real world settings. such as in addressing issues that call
upon scicnce knowledge. A reterence that etfectively addresses these issues from another perspec-
tive is Chapter 4 of Fradd's: Meenng the Needs of Culturally and Linguisticallv Different Students
(1989,
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Chapter 4

Supporting Reform in Science Driven-Instruction
for Diverse Student Populations

This chapter commences with a summary of the major recommended practices presented carlier
in this monograph. The summary is followed by descriptions of various supports required to assure
that practices can be implemented effectively with LEP student populations.

Summary of Recommended Practices

*  Utilize science hands-on investigations as the driving torce for mathematics and language
skill development,

*  Structure instruction so that science knowledge and mathemathics skills are applied to real
issues.,

«  Consciously plan objectives for language development (in particular English language) as a
component of science instruction. Science hands-on investigations, used to introduce les-
sons, shouid be conducted by cooperative learning groups.

*  Reduce the abstract nature that is inherent in basic science and mathematics through the use
of concrete models,

*  Emphasizc the usc of the whole language approach to English language instruction, dimin-
ishing native language use by LEP studens. Sequence lessons around broad themes to
allow for repetitive language usc.

*  Teach English language as an integral component of ciassroom instruction rather than tol-
lowing the more traditional “pull out™ procedure.

*  Teachers and administrators who are responsible for the instruction of LEP students need to
work together to overcome detriments to learning. across the subje-ts, inherent in the present
school structure,

Support for Reform of Traditional Instructional A pproaches

Support for the proposed reform of instruction for diverse students emanates from successes in
learning. especially by LEP students. Below are selected resources that report such success.

In Language through science and science through language: An integrated approcch, Chellapan.
(1983) asserted that:

Because language and subject content are closely related. a valid approach would be to teach
English through scicnce rather than English for scicace. In this context language should be
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treated more as communicative than as instrumental or functional. The proposed practice leads
to blurring the distinction between science and language instruction.

Jones. in Teaming Up (1385), claimed that:

Task groups (consisting of three to five students per group) for hands-on inquiry-oriented expe-
riences. can provide meaningful instruction. develop interpersonal skills. and reduce costs.

Sutman. et al. in Learning English Through Science (1986) stated that

For children who are LEP due to hearing impairment, hands-on intcgrated photography-lan-
guage type cxperiences structured to meet the specific educational objectives of increasing spo-
ken vocabulary and improving self-esteem. produced phenomenal growth in spoken English.
The experimental group learned. during a 12 week, four hours per week student participatory
set of experiences. t¢ speak 30 times the number of words learned by students in the control
group. The control group experienced English language using traditional story books. The ex-
perimental group. in addition to improved spoken language. became ‘heroes® of the school.
virtually eliminating its overall lack of self confidence.

Questions regarding the ability of LEP students to learn science are often raised. This issue is thor-
oughly addressed by Kessler and Quinn. in Consequences of bilingualism in a science inquiry pro-
gram (1981). Their summary indicated that:

A numbser of studies lead to the conclusion that bilingualism does not deter students” abilities to
formulate scientific hypotheses and solutions to scientific problems. In fact this ability is en-
hanced by bilingualism.

Results of using the TALS approach have been reported by Bruce, Sutman, May. McConaghy. and
Nolt (1996):

The study. involving nearly 400 English language proficient and limited English language pro-
ficient fourth graders in 16 classrooms in instruction driven by hands-on science leading to
activities directed at enhancing basic skills. conducted through cooperative instructional groups
indicates that compared to the control group. in which science was taught through reading a
science text. LEP students improved in scicnce and language skills significantly better than
their non-LEP student counterparts. And the learning of mathematics skills was ahead of the
students in the control group, but not significantly so.

These results were attributed in part to the use of cooperative groups that enabled learning to
occur in spite of the varied learning styles among students with diverse cultural and language back-
grounds.

While not mentioned in these reports, success in learning by LEP students also depends upon
support from school administration. community leaders. and student homes. The nature of the need
is considered in the tollowing section.
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Unsupportive and Supportive School Settings

Although often well-intentioned. 0o often schools ofier instruction to LEP students that results
in minimal learning. The vignettes below. from Among School Childi : (Kidder. 1991), describe an
unsupportive setting in a “typical™ school:

* [Theteacher] glanced at the clock. up on the wall above the closets....She had a few minutes
betore science. She absolutely had to help poor Pedro. Slow learner™ was the kindly term
used for many of these children. It implied what she knew to be true, that they could learn,
but she also knew that in this time-bound world, a slow learner might not learn at all if she
did not hurry up.

*  Ahigh pitched beep trom the intercom announced math, which lasted an hour. Some chil-
dren left her room for math replaced by some children from the room next door. This swap-
ping of teachers was the procedure used to group children by ability: another way of saying
the students were “levelized.’

*  Some students ended in haste. The intercom would announce. "Bus one,™ and Chris would
still be assigning homework. She wrote the assignments on the narrow chalkboard between
the closets—and always explained three times what she wanted done.

The unsupportive school conditions have been characterized as:

‘Dual captivity, the children have to be there. and the teacher has to take the childrea sent to
her. Put twenty or more children of roughly the same age (and of varying cultures and lan-
guages ) in a little room, contine them to desks, make them wait in lines, make them behave. It
is as 1if a secret committee, now lostin history, had made a study of children and. having tigured
out what the greatest number were least disposed to do., declared that all of them should do it

The above vignettes indicate a kind of blind. uninformed. and dedicated “professionalism™ that

somehow leads to some learning for some students by chance.

In conirast, the following situations illustrate restructuring of school environments o support

science instruction that fosters success among students with diverse language backgrounds.

*  During the next to last week in August prior to the opening of the school year, all of the
teachers met with the school principal. as well as with several specialist consultants who
would assistin developing organizational and instructional plans for the year. The meetings
covered a period of 3 or 4 days, allowing the tollowing week tor teachers and specialists to
work actively together to adequately prepare for the year's activities. The specialists re-
mained to support the teachers during the first two weeks of the instructional schoolegcur
and they returned from time to time as requested throughout the year.

¢ With the asvistance of the science specialist, the head of the school cateteria, and the prinei-
pal. the decision was made to include a unit on nutrition carly in the year as part of the sixth
grade science experience. Sixth graders, in groups beginning in October. assisted the cat-
cteria statt (parents) in preparing and distributing the tree breaktasts and lunches with the
school principal facilitating the process of involving students and parents. Groups of sixth
graders developed the inenus for the meals using both English and one or more other native
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languages. Teachers utilized these menus as 2 pasis for written language lessons. The re-
sults of these lessons wire posted in the butts around the school building.

The sixth graders went in peirs o other lower grade classrooms to explain what they had
Jearned about nutrition and to describe how the menus met appropriate nutritional requirce-
ments. They performed several science demonstrations related o nutrition in ¢ach class-
roon.

A plan was developed to hold a “voluntary”™ science fair in the late spring. Students. work-
iag in groups. could eicher create exhibits or projects for the tair or they could work with
teachers and a science specialist to develop materials that would be used in future science
instruction 2t difierent grade levels. The project or materials were related o the content
designated by the syllabus for each instructional Jevel. Groups of children from various
classes prepared o present in English to other classes the projects or materials that they had
developed. Assessing what students had learned through these experiences became an inte-
gral component of instruction. Portfolios, kept of each student’s work served diagnostically
to inform cach teacher where students necded special support.

A decision was made to develop or locate at least one hands-on science activity 1o be used
in the science instruction cach week. and to develop or find already available related math
and language activities for instruction. Each activity was completed in English and strength-
ened by sparing use of native languages. The materials, reports, drawings, etc.. developed
by the students are displayed in the hallways or in the school’s foyer. The students voted for
a series of awards to be presented to each class. Every classroom receives an award.

Out of school work related to each integrated (science. lunguage and mathy lesson was
written cach day on the chalkboard by a student. prior to or during the lesson: and teachers
assisted students in copying the assignment both in their native language and in English ¢in
English and a foreign language for non-LEP students). The students assisted in the transla-
tion process. This was not done hurriedly at as an afterthought. Time was allotted toward
the end of the school day for students. working in groups. to assist each other in initiating
the assignment. The groups included students with varying degrees of limited English (lan-
guage) proficiency: and with teacher support the students were encouraged (o assist each
other in beginning the assignment. The school principal tound ample time o visit class-
rooms and 1o be an active participant.

The principal s office relied upon the intercom system only for emergencics and back-up.
Instead of disruptive announcements. a procedure was devetoped that involved students in
teams of two (as part of their language development) to visit other classes after lunch, and
to present announcements, learning to do this both in English and other languages. Prior o
and during the announcements, teachers were cued to assist the young announcers 1o care-
tully present the messages. Other students were assisted by their teachers in understanding
the intent of the messages that are delivered.

A science texthook was utilized as one of several sources of factual information. Teachers
developed or prrchased limited numbers of drill and practice exercises. Portfolios contain-
ing original students” work in science. math and languages were hept for cach student indi-

30
Q

ERIC

Aruitoxt provided by Eic:

Inproving Learning in Science and Basie Skills Amony Diserse Student Populations

43




cating their degree of creativity and understanding. Each student who leaves the school or a
given class for a new learning environment carries his/her portfolio to the new setting, with
an analysis written by the student's former tcacher.

The descriptions above indicate situations where both students and teachers are important indi-
viduals and contributors to the change process. Experiences modeled after these descriptions of

school environments result in learning. by LEP students, far beyond the level resulting from more
traditional approaches.

Other Supports to Instruction

The Condition of Bilingual Education in the United States (U.S. Department of Education,
1991) indicates the need for continued rescarch to determine the most effective procedures for
English language instruction. The Office of Bilingual Education and Minority Language Affairs
provides grants to school districts for a variety of “transitional bilingual programs”™. We propose
here that the best transitional approach starts instruction begins in English with some emphasis on
use of the native language. Over a short period of time, students should become immersed almost
totally in the English language. The immersion should occur within self-contained school class-
rooms. Those programs that usc the “pull-out™ strategy to instruct in English as a Second Language
(ESL) segregates and splinters LEP students from the regular ongoing classroom instruction in
English language within the context of science and other subjects.

This position regarding language instruction is supported by Charles Glenn, who in “Educating
the Children of Immigrants™ (1990) unfolds practices used in European countries and in Isracl.
These countries. like the United States. are responsible for the education of large numbers of immi-
grant school age populations. Glenn advocated the use. at the lower grade levels, of “reception
classes™ designed to orient new immigrants to the new culture, 1 v language. and new subjects. He
indicated that these reception classes must be supported by supplemental classes taught in the native
language. gradually joined with academic instruction in the second language. These initial practices
must be followed by immersing LEP students in science and other subjects taught totally in the
second language (English). He concluded that these practices will best serve the needs of the immi-
grant students.

Studies supported by and reported over recent years by the U. S. Department of Education’s
Office of Education Research and Information (OERI). as well as the Reports of the National Edu-
cation Goals Panel, continuc to indicate that English language literacy. scientific literacy and for-
cign language literacy are totally inadequate among the entire United States student and adult popu-
lation. s¢ inadequate that the condition negatively impacts the country's international competitive
edge. LEP students make up a significant instructional component of this illiteracy problem. For
LLEP students. illiteracy can be effectively alleviated by placing into practice the instructional proce-
dures proposed throughout this monograph.

However. revised curricula and instruction. by themselves, will not meet this challenge. To
paraphrase Glenn, hard work on the part of teackers and students, sensitivity by teachers to the
needs of LEP students, and especially. a commitment on the part of teachers to the full participation
of LEP along with EP students in learning activities especially designed tor their use is required.
Also, special materials and special efforts, intoday's technological times, must be supplemented by
support systems of the type considered in the tollowing section,
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The Role of Technology: Computers

To prepare the next generation of LEP citizens, schools are required to offer ample experiences
with computer technology imbedded into most aspects of instruction, particularly in science and
mathematics instruction. Aside from the use of computers to simulate science experiences that
might be too dangerous to experience hands-on, or too abstract for students to grasp without the
simulations, computers are excellent for collecting and analyzing data in ways that relate to the real
adult working world. However, caution must be taken not to introduce computer use prior to ad-
equate hands-on experiences with real objects. Picliminary research findings indicate tirat using
computers too early in the instructional process to simulate the tools used in experiments and
investigations leaves L EP students without truly understanding and effectively meeting the spe-
cific instructional objectives.

Useful sources of information regarding effective use of computers in instruction, especially in
science instruction include:

« Volume 2, No. 3 of the California Technology Project’s Quarterly: “Technology in the
Science Curriculum K-12.” This special theme issue addresses the following: “Software
for the science classroom,” “Telecommunications in science,” “Education for a planet at
risk,” and *Animalia and hidden technology.”

+  Any issuc of the joumal,Technological Horizons in Education, contains valuable informa-
tion about cffective use of computers in instruction.

»  Vol. 51, No. 7 of Educational Leadership, a journal of the Association for Supervision and
Curriculum Development, is devoted to “Realizing the Promise of Technology in School
Instruction”.

Finally, the goals to be achieved through effective science instruction that ir "orporate com-
puter technology are delincated in the publication, Comprehensive Education Plan for the State of

Florida: Improving Mathematics, Science and Computer Education (Florida State Department of
Education, 1986).

The Role of Effective Assessment of Student Learning

Substantial efforts related to revising approaches to assessing student leaming are nationally
underway. Onc of the reasons for this “altemative asscssment movement,” is to assure that bias
aga.nst LEP students and other minorities is eliminated. Just as important is the understanding that
the nature of assessment directly impacts both the content of the curriculum and the approach to
instruction.

Traditionally, multiple choice standardized tests and poorly constructed teacher-made tests
have resulted in excessive emphasis on teaching through lecture and leaming through memoriza-
tion of science facts. This reduces opportunity for LEP students to experience the hands-on inves-
tigative science process and acquire higher lcaming skills as considered earlier in this monograph.
As described in Chapter 1, LEP and other minority students perform especially poorly on items
designed to assess the development of the higher-order proficiencics.

Three chapters of Science Assessment in the Service of Reform (Kulm & Malcolm1, 991):
“Performance Assessment: Blurring the Edges of Assessment, Curriculum and Instruction,” **As-

32 Improving Learning in Science and Basic Skills Among Diverse Studens Populations

45




sessing Accelerated Science for African American and Hispanic Students in Elementary and Junior
High School.” and “Equity and Excellence Through Authentic Science Assessment™ address ap-
proaches to revising student assessment practices for LEP and other unrepresented and underserved
youth. This publication also addresses the need to revise assessment of student learning in science
so students are better served. Revisions in assessment practices are needed to reduce the use of
testing as a “gate keeper,” an approach that only reduces ithe number of minorities who are prepared
to contribute to the advancement of the scientific enterprise in the United States.

Testing in American Schools: Asking the Right Questions? (Office of Technology Assessment.
1992) addresses the major issues refated to reforming assessment in education in all subjects and tor
all students, including LEP students.

Conclusion

The Oftice of Bilingual Education and Minority Language Affairs of the U. S. Department of
Education supports long term and short term training programs to assist teachers in reforming in-
struction for LEP students to better meet the national education goals and the national and state
standards for science instruction. The National Science Foundation supports protessional enhance-
ment projects for teachers who teach science and mathematics. Some of these efforts are specifi-
cally directed toward the preparation and enhancement of thosc who teach science o LEP students.
[t is a challenge to both the science education and bilingual education profession to join forces to
increase their etforts in supporting the forms in instruction of LEP students described in this mono-
graph. These students specifically, and the nation more generally, can ask for no more of a signifi-
cant commitment,

As Haycock and Duany (1991) stated. in Developing the potential of Latino students (one ar-
ticle in a series of "Special Reports on Minority Education™ appearing in the January 1991 issue of
Principal),” We must stop wasting the school years of the nation’s fustest growing minoriry.” We can
only add that the need for sustained reform in teaching science to LEP students is critical. Everyone
involved in science and mathematics education must work diligently to produce the reform required
to improve science teaching and learning for LEP students. as well as tor their teachers. Students’
ambitions must not be crippled by lack of will and commitment on the part of the professionals
responsible tor the education of all students.
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Appendix A

Sampling of Publications that Support
Reformed Science Teaching

Azios.M.. et al. (1975). Teaching English as a second language. A handbook for science. (Curriculum
bulletin No. 75C8MS5). Houston: Houston Independent School District. (ED 176 530).

(a course guide especially usetul for the secondary level)

Baker. J. Microcomputers in the classroom. Fastback No. 124. Bloomington, IN: Phi Delta Kappa
Educational Foundation.

(short. cffective introduction to the utilization of computer technology instruction)

Berlin, D. & White., A. (1991). A network for integrated science und mathematics teaching and
learning. Columbus, OH: The Ohio State University.

(description of resources available for developing instruction that integrates math-
ematics and science)

Bridge to communication: English for LEP students. (1989). San Diego. CA: Santillana Publishing
Company. Inc.

(series of workbooks and homework activities in ESL: also a paraliel serics in
science and social studies)

Building skills to say "no" to drugs and feel good about it. (1991). Charlotte, NC: The Drug Education
Center.

(series of eight lessons including learning activities, for third and fourth graders)

Burdette, J., Conway, L., Ernst, W., Lanier, Z., & Sharpe, J. (1988). The manufacture of pulp paper:
science and engineering concepts. Atlanta, GA: Tappi Press.

(combination of information about and student activities related to making paper)

Burns, J. (1981). An introduction 1o assessment and design in bilingual program evaluation. Los
Angeles, CA: CRESST, University of California at Los Angeles.

(information useful to profcssionai secking to develop effective assessment of stu-
dent learning practices; also useful to evaluators of programs for bilingual stu-
dents)

Chang. S. & Quinones, J. (1978). Bilingual-bicultural curriculum guide (science) for grade three.
New York, NY: ERIC Urban Education Center. (RIEMARS2, ED 209 018).

{topics. activities and illustrations that can be copied)
Delta Science Modules. (1992). Hudson. NH: Delta Education. Inc.

(services of 40 modules giving teaching directions, hands-on materials and evalu-
ation procedures for the elementary level: heavily reading based)
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English skills for life sciences: Problem solving in biology. (student version) (1990). Los Angeles,
CA: Center for Language Education and Research, California State University.

(manual portion of a series of materials designed to reinforce essential concepts in
the sciences through interactive, language-sensitive, problem-solving exercises em-
phasizing cooperative group instruction; workbook based)

Fox. S.. & Best, N. (1981). Primary bilingual science activity handbook: Grades K-2. (RIEJANS2,
ED 206 449)

(60 science activities in Spanish and English, 20 each for kindergarten through,
second grade levels in all areas of science)

From gatekeeper to guteway: Transforming testing in America. (1990). Chestnut Hill, MA: Boston
College, National Commission on Testing and Public Policy.

(guidelines for restructuring assessment of student learning in order to better utilize
the nation's human talent)

Goal post. (1991). New York, MY: National Football League Properties.

(series of football cards and teachers’ guides that contain science, language and
social science activities couched in a sports format)

Hunds-on: Science, social studies and reading/thinking activities books. (1988-1994). Annapolis,
MD: Alpha Publishing Company, Inc.

(guide-books that give students step-by-step directions: included are biology, chem-

istry and earth science research activities that can be used as supplemental instruc-
tional material)

Heltne, P.. & Marquardt, L. (Eds.). (1987). Science learning in the informal setting. Chicago, IL.:
The Chicago Academy of Sciences.

(examination of learning processes in children. role of evaluation in science cen-
ters, critical scientific concepts, and school-science center partnerships; serves as a
backdrop for developing informal science activities for LEP and other students)

Horizons plus. (1991). Morristown, NJ: Silver Burdette and Ginn Publishers.

(complete science curriculum, including a basal science textbook, readers and con-
nection activities for kindergarten through sixth grade levels)

Malcolm, S.. & Sosa, M. Science books and films. best books for children, 1988 - 1991. Washington,
DC: American Association for the Advancement of Science.

(ongoing annual publications that provide critical reviews of the scientific accu-
racy and other features of a variety of science instructional materials; includes read-

ers, texts, films, software of all types for all cducational levels; also publishes Best
Children’s Science Books)

Milla, H. & Clyde J.A. (Eds.). (1990). Portraits of whole language classrooms: Learning for all
ages. Portsmouth. NH: Heinemann Educational Books. Inc.
(directions for whole language lcarning using a variety of subjects including sci-
cnce: an excellent resource)
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Mitchell. R. (1992). Testing for learning: How new approaches to evaluation can improve American
schools. New York, NY: The Free Press.

(down-to-carth description of retform in assessment of student learning develop-
ment and practice: written by the Associate Exec. Director ot the Council on Basic
Education)
National Council of Teachers of Mathematics. Commission on Standards for School Mathematics.
(1989). Curricultem and evaluation stundurds for school mathematics. Reston, VA: Author.

Nutional geographic educational technology catalog. (1992). Washington, DC: National Geographics
Society.

(descriptions of Kids Network. an integrated science-social science program, vari-
ous instructional programs presented by CD-ROM and various software kits and
video disks of science instructional materials for kindergarten through twelfth grade
levels: teachers’ orientation materials on video disk are available)
NSTA science education suppliers. (1995). Arlington. VA: National Science Teachers Association.

(annual supplement 10 The Science Teucher magazine and other NSTA publica-
tions: includes a listing ot suppliers of materials, cquipment. texts. and supplemen-
tary materials with references to the science content and school levels most appro-
priate for these materials)

Northeutt. L.. & Watson, D. (1986). Sheltered English teaching handbook. Carlsbad, CA: Northeutt,
Watson & Gonzalez Publishing Company.

(description of sheltered English and the approach to it in teaching, including the
various instructional strategics that enhance it)
(They Ombudsman: A program that works. (1975, 80. 81, 85, 87, 91). (Revised and cxpanded).
Charlotte. NC: The Drug Education Center. Inc.
(manual for a program of instructional and training materials for the clementary
and secondary levels described as “working together to prevent alcohol and other
drug abuse.™ Also sec I'm Special and Whoa! A Great Way to Sav No.)

Pierce. L. V. (1987). Cooperative learning. Integrating langnage and content-area instruction.
Washington, DC: National Clearinghouse for Bilingual Education.

(based upon Finding Out/Descubrimiento: applies cooperative group instruction o
LEP nceds)
Presidential awards for excellence in science and mathematics teaching. (Best Lessons). (1991),
Arlington, VA: National Science Teacher's Association,
(summuaries of the “best lessons™ presented in the award winners language: carlier
editions extending from 1986 are available)

Project Muaine: Career awareness and native language assistance for secondary school students.
(198%). Portland. ME: Portland Public Schools.

(students use native language and English to learn about career opportunities. o
cxplore their own interests and goals and to select meaningful courses of study)
Scrence education news, Washington, DC: American Association tor the Advancement ot Sciences

(newsletter directed to science educators and science teachersy
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Science snackbook: Teacher-created versions of Exploratorium exhibits. (1991). San Francisco.
CA: The Exploratorium.

(complete instructions on how to build simple. inexpensive classroom versions of
over 100 Exploratorium interactive exhibits)

Science teachers action book. (1992). Alexandria, VA. MGI Books.
(references to free and inexpensive sources of materials for science instruction)
Science weekly. Silver Springs. MD: Science Weekly. Inc.

(weekly newsletter using simple English language and pictures to describe hands-
on science activities)

Smoradin. T.. and Marganoff. B. (1986). Computer and video instructional materials resource guide:
Eiementary science. Trenton, NJ: New Jersey State Department of Education.

(curriculum guide for use by school districts)

Sutman. F.. Bruce. M.. May. P, McConaghy. R.. & Nolt. S. (1990). All about magnets: An IALS
teacher's guide. Philadelphia. PA: Temple University.

(integrated science. math. English language instructional package. tested with stu-
dents for project SMILES)

University of California, Berkeley. Lawrence Hall of Science. (1991). A parent’s guide to great
explorations in math and science. (GEMS). Berkeley: Author.

(excellent hands-on science. based instruction program developed through the
Lawrence Hall of Science)

Van Cleaver. J. (1991). 101 easy experiments that really work. (physics and carth science). Somerset,
NJ: John Wiley and Sons, Inc.

(source of experiments that can be woven or developed into an integrated series of
science-driven lessons)

Video field guide series. (1989). Odum, GA: Anhinga Production.

(ficld guides to animals, presented on video tapes: helps to reduce dependence on
language in learning)

(The) WICAT integrated leaming system. (1991). Orcm, UT: Wicat Systems. Inc.

(materials to assist teachers inintegrating science and other subjects: hard copy and
computer software materials, The science is not the strongest component of these
instructional materials)

Wonder science: El mundo marovilloso de la ciencia. (1991). Washington, DC: American Chemistry
Society.

(physical science activities for children and adults to do together)
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References Related to Policy
and Program Design

Assessment against new atiainment targets in mathematics and science, SEAC Recorder, London,
England: SEAC Information Section.

(newsletter reports advancements in the practice of school level assessment of stu-
dent learning in math and science. It also reports on developments in test construc-
tion and use with ESL students within Great Britain)

Berney. T.. & Hammack, F. (1989). Project master. (RIEAUGS0, ED 317 077). New York, NY:
ERIC Urban Education Center.

(description of the methodologies for the Bilingual Instruction in Literary Educa-
tion project (MOBILE) that served native Spanish and Haitian Creole/French speak-

ers. for high school level; supplementary instruction in ESL and math, science and
social studies)

Brennen. R. (1992). Dictionary of scientific literacy. Somerset, NJ: John Wiley and Sons. Inc.

(lists and definitions of many terms used in science instruction. It serves as a re-

source for those who are beginning to each science and as a dictionary for more
advanced students among LEP studeiits)

(The) Coca-Cola valued youth program: A national network of schools. Inte.cultural Development
Rescarch Assoc,. Center for the Prevention and recovery of Dropouts; 5835 Callaghan Rd.,
Suite 350, San Antonia, TX 78228

(description of a cross-age, multicultural tutoring program designed to usc poten-
tial dropouts as tutors of younger students, partially funded through the Office of
Bilingual Education and Minority Language Affairs, U.S. Department of Educa-
tion, Washington, DC)

Connect. Brattleboro. VT: Teachers' Laboratory.
(newsletter for teachers that supports integrated hands-on learning activities)

Contamos con ustedes, muthematics v ciencias, padres e hijos. (1989). Washington. DC: American
Association for the Advancement of Science.

(guide for Spanish-speaking parcnts on how to assist their children in learning math
and science. available both in Spanish and English)

The corporate council for mathematics and science education. (1991). Washington, DC: Corporate
Council for Mathematics and Science Education Coordinating Council for Education.

(description of the Council's national efforts to improve science education for all
students)

Crandall, J. (Ed.). (1987). ESL through content-area instruction: mathematics, science and socil
studies: Washington, DC: ERIC Clearinghouse on Language and Linguistics. (BE 016132).
(See espeeraily” Kessler, C.. and Quinn, M. ESL and Science Learning.)

(collection of essays describing some of the ways in which English language in
struction is being integrated into the three subjects for kindergarten through sec-
ondary grade levels)
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Crawford, J. (1992). Hold your tongue: Bilingualism and the politics of English only. Reading, MA:
Addison Wesley Publishing Co.

(focus on weaknesses in the English -only movement in the U.S.)

Deal, T. & Peterson. K. (1990). The principal’s role in shaping school culture. Washington, DC:
Superintendent of Documents, Government Printing Office.

(case histories of successful attempts to improve school culture at various levels
and in various environments, including urban settings)

Dealing with diversity. (1989, March). Educational Leadership, 46(6). 2-94.

(special issue on student diversity in school settings: inCludes many useful articles

on whole language, science, remediation, the peer and the minority student, gifted
students)

Directory of outreach programs of the chemistry community. (1991). Washington, DC: American
Chemical Society.

(monograph providing information about the many services provided to students,
teachers and institutions through the Division of Chemical Education. These are

offered by private companies, local ACS sections, and by chemistry departments at
universities)

Educating scientists and engineers, grade school to grade school. (1989). Washington, DT Congress
of the United States, Office of Technology Assessment.

(issues that must be considered in educating enough scientists for the nation’s fu-
ture well-being)

Education that works: An action plan for the education of minorities. (1990). Cambridge, MA!
MAssachusetts Institute of Technology.

(recommendations for educational practices at all levels)

Fathman, A.. Quinn, M., & Kessler, C. (1992). Teuching science to English learners, grades 4-8.
Washington, DC: National Clearinghouse for Bilingual Education.

(summaries of principles underlying effective instruction with some examples of
science derinonstrations)

Flaxman. E., & Inger, M. (1991). Parents and schooling in the 1990's. Washington, DC: U.S.

Department of Education, OERI, ERIC Educational Resources Information Center. ERIC Review,
1. Q3).

(article in a hard copy monograph distributed through ERIC. This issue of the ERIC
Review includes many additional sources of useful information published both in
English and Spanish) :
Fleischman. H.. & Hopstock. P. (1993). Descriptive study of services to limited English proficient
students. Volume 1. Washington DC: US Department of Education.

Forum: Newsletter of the national clearinghouse on bilingual education. Washington, DC: National
Clearinghouse on Bilingual Education.

(monthly newsletter of useful information concerning available resources for teachers
of all subjects to LEP students: includes networking information, reference to hard
copy instructional and research information and meeting date notices)
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Gouls 2000: Educate America. (1993). Washington, DC: U.S. Department of Education.

(report of national goals for education with successive newsletter that follows the
progress of the federal government's emphasis on educational reform. As of 1994
has become tederal law.)

Grand challenges: High performance computing and communications.  (1992). Washington, DC:
Federa' Coordinating Council for Science Engincering and technology ¢/o National Science
Foundauon.

(rccommendations related to accelerating the availability and utilization of next
generation high performance computers: sce especially the section “Technology
Links Research to Education”. p.64)

Hands-on math and science learning. Cambridge. MA: Technology Education Research Centers,

(newsletter of TERC: the Spring 1991 edition for example. includes the following
cogent article; "Getting Connected to Science™, which considers the role of sci-
ence-technical language)
Hatner, A.. & Green, J. (1992). Multicultural education and diversity. Providing information to
teachers. Los Alamitos, CA: Southwest Regional Education Laboratory.

(series of references on the status of LEP students in the Southwestern states. Also
directories of post secondary courses and training opportunities for teachers of
LEP students in these states)

Hopkin, K. (1991, November 25). Fighting for our future: Science and math education for the 21st

century. Business Week. (Special advertising section). New York. NY: McGraw Hill Publications.

(excellent detailed analysis of the state of sciencs instruction and learning in the
U.S. as well as appeals to correct societal support problems with recommendations
on how to do this)

Learning science. The international assessment of educational progress (IAEP). (1992). Princeton,
NJ: Educational Testing Service.
(report on comparati ve results of test scores on the TAEP science test: a companion
report, Learning Math, is also available)
Majumdar. S.K., ct al (Eds.). (1992). Science education in the United States: Issues, crives, and
priorities. Easton. PA: The Pennsylvania Academy of Science.
{presentations outlining the issues facing science teaching at the school level with
recommendations for reform)
Maley. D.. & Smith, K. (Eds.). (1991). Aerospace resources jor science and techaology education.
Reston. VA: International Technology Education Association,

(examples of programs nad activities in schools in the arca of acrospace-science
technology education. grades K-16: such activities serve as motivation for improved
science-technology instruction nad learning through group activities)
Matyas. M., & Malcolm. S. (Eds.). (1991). Investing in human potential: Science and engineering
dt the crossroads. Washington, DC: American Association tor the Advancement ot Science.

(results of a study conducted to examine the etforts made by U.S. institutions of
higher education to increase the participation of women. non- Asian minorities and
the physically disabled in science and engineering)
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Miller. J.. & Green. H. (1992). The impact of parental and home resources on student achievement
and career choice. DeKalb. IL: Northern llinois University.

(data excerpted trom the larger volume Longitudinal Study of American Youth, re-
search supported by the National Science Foundation: data related to cause and
effect is presented as background on educational accomplishments)

Mishler, C. (1982). The integration of experimental science with language arts instruction in the
elementary curriculum. New York. NY: ERIC Urban Education Center. (RIEJAN83. ED220275)

(description of an experiment with results that support content integration in in-
struction)

Mulhauser. F. (1990). Reviewing bilingual education research for Congress. Washington. DC:
National Clearinghouse on Bilingual Education. (BE107803)

(report indicating the need to retain native language in the instructionin ESL and in
other school subjects)

(The) National Center for Improving Science Education. (1991). the national center for improving
science education: summaries ot reports. (reports include) Getting started in science: A Blueprint
for Elementary School Science Education: Getting Started in Science: A Blueprint for School

Science in the Middle Years (1990): The High Stakes of High Scirool Science (1991). Andover,
MA: Author.

(reports that develop a rationale and otfer guidelines tor school science for all chil-
dren)

National Research Council. (1996). National science education standards. Washington, DC: Author.

NSTA reports. Washington, DC: National Science Teachers Association.

(newsletter that includes sources of free and inexpensive instructional materials for
science)

OERI bulletin. Washington, DC: U.S. Department of Education, Oftice of Educational Research
and Improvement.

(newsletter designed to keep educational leaders up-to-date on educational reform.
For example. the Winter 1991-'92 issuc includes the following articles: **A Look at
Education Reform Etforts™, “Linking Pre-school and School”. :libraries” Foreign
Language Collections Get Boost™, "Determining What Students Should Know
About...Science”, "Access ERIC™, and "OERI Phone List™)

Planning for the very young: Excellence and equitv in preschool activities at science museums.

(1990). Boston. MA: Association of Science-Technology Centers, The Children’s Museum of
Boston.

(recommendations for how muscums can he effectively used to instruct in science
at carly ages)

Preparing for Amenca’s information age: Technology in education. (1990). Eugene. OR: International
Society for Technology in Education.

(recommendations for assuring that all underserved students receive technology
instruction)

46 Improving lLearning in Science and Basic Skills Among Diverse Student Populations

o7



Project nuevo horizontes. (1990). Brooklyn, NY: New York City Board of Education (available
through the National Clearinghouse on Bilingual Education in Washington, DC).

(report on a funded project designed to provide LEP students with academic and

other support services for ensuring graduation and mainstreaming. Included are
projects in instruction in science, ESL)

Project future newsletter. (1992). Washington, DC: American Association for the Advancement of
Science.

(newsletter that provides information about the inservice program in science for
teachers of LEP students in Chicago: project materials include “Notes for Parents”
and “'Parent Enlightment”; newsletter includes information about science instruc-
tion as well as bibliographies of reading and activity science books)

Quality Education for Minorities Network (descriptive flier), 1818 K Street N.W., Suite 350,
Washington, DC.

(description of an organization that monitors, evaluates, supports, and dissemi-
nates information, including by conducting conferences, about successful educa-
tional changes for minority advancement)

Ramirez, J., Yuen, S., & Romey, D. (1991). Longitudinal study of structured English immersion
strategy early-exit and late-exit ransitional bilingual education programs for language-minority
children. San Mateo, CA: Aguirre International.

(report of the pros and cons of ¢ach approach with support from subject integration
and hands-on experiences in instruction)

Rodriguez, 1., & Bethel, L. (1983). An inquiry approach to science and language teaching. Science
teacher, 20(4), 291-96.

(research with positive thrust on the effectiveness of the inquiry approach to sci-
ence and language teaching among Mexican-American third graders)

Rosebery, A.S., Warren, B., & Conant, F.A. (1990). Cheche Konnen. Appropriating scientific

discourse: Findings from language minority classrooms. Cambridge, MA: BBN Labs. (ED 326
058)

(working research and development paper describing one activity of the CheChe
Konnen project that brir . science and English language to classrooms of LEP
students; report on a study of the cffects of science on learning)

Roth, M. (1990). Collaboration and constructivism in the science classroom. New York, NY: ERIC
Urban Education Center. (RIESEP90, ED 381 631)

(paper discussing basic beliefs and central metaphors of teaching, case histories
and teaching cvents: heuristic diagrams are provided)

Science and children. Arlington, VA: National Science Teachers Association.

(journal dirccted specifically to elementary school teachers who seek ideas. ap-
proaches and materials for science instruction. Tt - journal can be obtained as part
0f NSTA membership)

Science and mathematics education programs that work. (1993). Washington. DC: U.S. Department
of Education.

(description of National Diffusion Network validated programs; also a companion
volume in mathematics)
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Science Framework for the 1994 National Assessmeni of Educational Progress. (1993). Washington,
DC: National Assessment Governing Board, Educational Testing Service.

(monograph, in its final form, of the framework for the present national assessment
in science learning)

The science teacher. Arlington, VA: National Science Teachers Association.

(monthly journal that is an excellent source of ideas for classrcom instruction in
science. The journal also indicates sources of materials and texts. The journal is
obtained as part of NSTA membership)

Stolfoff, D. (1989). Limited English proficient students and mathematics and science achievement:
Strategies for success practiced within the California Academic Partnership Program projects.
New York, NY: ERIC Urban Education Center. (RIEFEB90, ED 310 923)

(description of tutoring and counseling strategies, parental involvement and team

teaching-curriculum development in mathematics and science instruction for LEP
students as part of the CAPP project)

Technical assistance for special populations programs. (newsletter of the National Center for Research
in Vocational Education). Berkley, CA: University of California.

(newsletter describing teacher-training materials through the TASPP database. The
December 1989 edition, for example, indicates a number of selected resources on

developing vocational programs for individuals with limited English (language)
proficiency)

Tinker, R., & Kapisovosky, P. (Eds.). (1991). Consortium for educational telecomputing: Conference
proceedings. Cambridge, MA: Technology Education Research Centers.

(report of a conference that recommends procedures to be followed to allow for use

of large-scale implementation of computer utilization in instruction. Especially for
Lep students)

U.S. Department of Education. (1990). Report of the U.S. department of education task force on
mathematics and science education. Washington, DC: Author.

(report of the many sources for funding science and mathematics instruction avail-
able through the USED)

U.S. Depart.nent of Education. (1994). A resource manual for the federal education department.
Washington, DC.

(valuable resource of potential funding for support in many areas of educational
need including: bilingual education, Chapter I programs for neglected and delin-
quent youth, drug free schools and communities, education for homeless children
and youth, Eisenhower mathematics and science education grants, English literacy
program for adults, graduate assistance in areas of national need grants to institu-
tion to encourage minority participation in graduate education, inexpensive book
distribution, language resource centers, library career training, mid-career teacher
training, minority science improvement, National Diffusion Network (curriculum
materials), school drop-out demonstration assistance, Secretary's fund for innova-
tions in education (technology. health and alcohol abuse), talent search (for high
school completion), Upward Bound and women's educational equity. This publi-
cation may be substantially revised in 1996 due to potential reductions in the Fed-
cral budget allocated to education.)
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Appendix B

AN INTEGRATED ACTIVITY LEARNING SEQUENCE (IALS)
IN SCIENCE FOR UPPER GRADES (7-12)

Introduction

This IALS is designed to integrate science and mathematics and English language instruction for use in the
upper grades with LEP students. The format of the IALS is such that it can be used as a guide for teachers.
This TALS differs from the one included in Section Il in that it is divided into discrete lessons rather follow-
ing a columnar format. The content of this IALS addresscs the behavior of matter and it will require at least
6 to 8 lesson sessions. The suggested. as indicated below, is for five groups. each with five students.

* 25 pencils * aquart or liter of denatured alcohol
» 25 work sheets *  papertowels

* 5- 5 gallon plastic fish tanks * bottle of inexpensive perfume

* Scylindrical hollow dishes that will fit inside *  ball of string

of fish tanks

* enough clay to weight down cach dish °  sCissors

s water *  English/metric measuring tapes

» masking tape * thumb tacks

* 5 metric rules *  chalk

* 10 100 ¢cm3 plastic graduated cylinders * 1 to 5 inexpensive metric balances
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} TEACHERS’ GUIDE TO THE IALS: HOW DOES MATTER BEHAVE?

L.esson One: What Do You Already Know About Matter?

This is a pretest that can be used to determine where students are in their readiness for the IALS. The
answers are in parentheses. If need be, give student groups opportunity to measure and then to calculate
each answer.

A. Fill in the missing numbers and unit:

. 0.5cm=_(50) mm 3 322 cm? (::rr\eg?})))
(7392 cmd)
2. 5cem2= (2500 mm2

4. one meter (Im) is the same length as about

(39)in

B. Write down the words below in alphabetical order. Use a complete sentence to define each word.

matter water
centimeter air
displace space
particles moving
1. _(air) 2. _{centimeter) 3. _(displace)
4. matler S. !u]Q\/lngl 6. (DBUICIQS)
7. _(space) 8. _(watery (Definitions will vary)

It the class has difticulty completing the above language activity help them to do so.

Following this exercise. give cach instructional group opportunity to read and discuss the tollowing mate-
rial. and then do the above language activity over.
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C. You always place water into a bathtub when you take a bath. What is the most amount of water you could
put into the tub? When would you place 100 much water in the tub? Explain. Your group will talk about
these two questions. Each group member will write down answers decided upon by the group. One
member of the group will tell the rest of the class what answers the group agreed upon and why.

Thisis ___(you) _in the bathtub or tub. ®

This is a_(bathtub)
ora_(tub) .

This is called the (water level).

Talk about each word below. Write a definition for each word or group of words.

bathtub water
you rises
water level (definitions will vary)

Answer this question: What happens to the water level when you sit in the tub?

The (water level rises or goes up) when 1 sit in the tub.
It there is lack of understanding among some of the students, ask those students who take baths to report
back to their group what happens to the water level when they take their next bath,
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Lesson Two: A Sunken Boat

A. Each group will carry out the following activity and report their results to the entire class. The teacher
and teacher s aide or assistant (if available) should move about the class helping each group conduct the
investigation; but not tell the answers. Be certain that English language is used and then understood.

The problem that we will investigate is: What happens to the level of water in which a boat is floating, when

the boat sinks? To do this investigation, you will need the materials shown below. Have students write
down the names of the objects in each diagram using English words.

This is a drawing of a (dish of boa) .

] a

This is a (fish tank) or a tank.

B — i o
A ] = It has (wateq) in it.

I

The boat is (floating) in the water
PA— > in the tank.
- I pushed the boat so that it (sank) to the
=== = bottom of the tank.

Each student in a group is given a sheet with the above diagrams drawn on it. Members of each group
discuss and then agree on how to respond to each part of this activity.

Draw a line around the tank to indicatc if the water level raises or lowers or remains the same when the boat
sinks. Be certain that the drawing is correct. (The water level will be lower.) Before pushing the boat to
make it sink ask groups to guess what will happen.

We belicve that the water level (answers will vary) when the boat sinks because (will vary)
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Below are drawings of the material used to carry out the above investigation.

(two) pieces of masking tape
@ (used to mark water level)
(Clay)
a metric _(ruler)
]TITTF”I]TITWI L ’l L ]ll i 'IHI !llll‘llll Il L (used to measure volume of
displaced water)

C. Now. your group can find out what caused the water level to change. (drop). One member of each group
will explain to the rest of the class why the water level dropped. To help your students answer why, turn
the boat upside down and push it into the tank of water. Keep the boat submerged and slowly top the
boat so that it slowly fills with water. Students will notice bubbles of air escaping.

Write down how your group explained the drop in the water level.
{The space in the boat was filled with air. When the boat sank this space
became filled with water. This caused the water level to drop,)

Save your tank of water for the lesson three. Leave the masking tape markers on the side of the tank.

Lesson Three: Review How Much Space or Volumg?

Notice the two levels of water marked in lesson two. How can you measure the volume of air that was
originally in the boat? (Measure the change in height of the water in ¢m as the first step in finding this
volume.)

The change in the height of the water (11) cm.

The total space was contained air but now contains water is called the volume of air that was displaced by
the water. Water from the tank took the place of the air or displaced this volume of air. You can find this

volume by measuring the three difterent lengths shown in the drawing: 11, 12, 13. Mcasure 12 and 13 in
centimeters (em),

11 (distance between water levelsy  __ cm (height) (h)
12 (of the tank) —cm (length) (D
13 (of the tank) __cm (widthy (w)

Multiply 12 X 13 to tind the arca of the tunk.

12 X13 = area
_cmx__cm=___ cmz (area) Now muttiply the area by 1.
area( )x11 =___ cm3 (Answers will vary)
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Each group should discuss among its members how to find the volume of air displaced by the water as the
boat sank. Be centain that every member of each group understands how to do this. To accomplish this may
require considerable discussion with some input from you as you move from group to group.

E. Describe in writing how your group found the volume of the air that was displaced by water as the boat
sank. One possible way is described here. We found the volume of displaced air by measuring (each of

the three lengths incm) 11,12, 13 of the tank. Then we multiplied those lengths. This gave us the volume
incm3.

F. There are other ways to measure the volume of this displaced air. One way is to use a measuring
cylinder. Talk about how to use a measuring cylinder to find the volume of the displaced air. Using
complete sentences. write down the procedure below: (Give students help as needed.)

We can measure the volume of dlsplaced air by usmg the measunng cyhnder
air) directly.)

Now actually measure this volume following the procedure that you wrote above. Use the space below for
any calculations you might do.

Calculations

Below write down the volume of displaced air determined by each of the two methods. Compare your
1esults.

Yolume of displaced air First method _____ cm3 (volume)

Second method cm3 (volume)
Do these volumes agree” Why? Why not? 2llew the groups ample time to discuss the results. (Results will

depend upon how acurately each group measured. Using a too thick-walled plastic boat will produce some
error.)

This volume is the amount of space occupied by the air in the boat.

Write a sentence or two below to describe why the results of the two methods agree or disagree
Answers will vary
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Lesson 4: Problem Solving

A. Each person in a group will complete one of the following problems. Then explain how he/she com-
pleted the problem. Students will ask for help as needed. Use a drawing to help solve each problem.

1. Calculating A A container, filled with 1000 cm3 of air, is floating
Displaced Volume, on the surface of a tank of water. When it sinks, the water level drops 10
c¢m (11). The tank is 10 ¢cm in length (12). From this information find out
how wide (13) is the tank? cm. (answer)

2. Comparing Use a ruler to find out how many centimeters
Lengths make up one inch. How many centimeters make up one foot? How many
centimeters make up one yard? How many millimeters make up tive cen-
timeters? Write down each answer below.

(21/20r25 cm/in (30 cmMt) (90 cm/yd) (50 mmySem) (unswers: slightly

over in each case)

Each group should have a spokesman who will describe to the rest of the class how they arrived at the

answer.
Alphabetical Order
3. Rearrange the * tank *  measure 1. (calculate) 7. (multiply)
following 12« dispersed o multiply 2. (¢centimeter) 8. (procedure)
wordstoplace * volume o divide 3. (dispersed) 9. (tank)
themingalpha- * centimeter * calculate 4. (divide) 10. (volume)
betical order. * water * procedure 5. (level 1. (water)
o level * yard 6. (measur 12, (vard)

Define any 5 of the above words: (Students may need assistance in developing these definitions.)

9
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4. Write three sentences below. Each sentence is to contain {wo of the above words.

q))
)
(3)

5. Now each group should work together to complete the following activity:

Matching Math the symbols and words in column A with those in column B.

A B_ _ADSWEIS
(¢) displace (1) cubic centimeter (4)
(b) cm (2) centimeter {2)
(¢) cm3 (3) 4inx3in=12in2 NN
(d) in (4) take the place of AD.
(c) in2 (5) 12in2/4in=3in _(6)
() divide (6) area A5
(g) multiply (7) about 2.5 cm 3

Each group reports to the class the answers that it agreed upon. Do the groups agree? Disagree? Discuss
why? Why not?

Lesson Five: Mixing Matter Together

1. Supply each group with two 100 ¢cm3 measuring cylinders: one filled with 50 cm3 of water: the other
with 50 ¢cm3 of denatured alcohol. Assist each group in measuring and then mixing these two volumes
into a third 100 cm3 measuring cylinder.

Refore mixing the two equal volumes of liquids. predict what the combined volume of these two liquids will
be. (Prediction probably will be)
50 cm3 (water + 50 cm3 (alcohol) = 100 cm3 (combined liquids)
(should be)

Now, in writing give an explanation for why the answer did not come out as you expected. Look up the

definition for the word particle in a dictionary. Your teacher will help do this. Use the plural (particles) in
your explanation. The definition for particle is:
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The explanation is that: the particles of ws

they take up less space than expected

Work in your group to place the following ten (10) words in alphabetical order. Read about each word in

your science text or reference book. Then orally use cach word in a sentence. Now write down these
sentences.

New Words Iphabetical Lis
e liquid *  particle Lalcohol) (mix)
+ procedure + water cribe (particle)
*  measure * alcohol >xplain rocedure
¢ volume o gently Agently) (volume)
* describe *  Mmix ligqui water
* cxplain measur

Lesson Six: Matter On The Move
This investigation is to be completed by all members of the class working together. However, cach group
will be responsible for one part of the investigation. Each group will report orally to the rest of the class

what it has done.

You will need:

* aball of string

° g ‘i:':'!![:‘
o thumbtack

*  bottle of perfume or
a bottle of ‘house-

hold strength am- /)
monia (i///

* picce ot ¢halk

o metric t

Appendix B




A. Groups | and II will now move all of the desks

and chairs around the outside walls of the classroom. ﬁﬁﬁﬁ
1/3 of the desks and chairs are to be placed along
cach of the longest walls. 1/6 of the desks and chairs
are 10 be placed along each of the shortest walls. center
Students will figure out or calculate the actual %ks and ¢l

number of desks and chairs to be placed correctly. gggg

Group 111 will figure out a way to find the exact
center of the classroom floor .
and mark that center with an X. Lay two metric flfgg'kg;gthdeogra‘s%?otgren
tapes or two long picces of string

from opposite corners of the room. Where they cross
will be the center. Usc a piece

of chalk to mark this center with a big X. (Creative
students may suggest other methods.)

0ooC
gud

Group 1V will figure out a way to draw a circle with
a4 radius ot about 100 ¢cm on the classroom floor. The
center of the room should be the center of the circle.
(Do this using a piece of chalk tied to onc end ot a S-—-r

150 ¢cm length of string.) Students should draw the classroom ficor
circle.

Group V will figure out a way to draw a circle with its center also at the center of the room and with a radius
of 200 ¢m. (Do this using a 200 ¢cm length of string tied to a picce of chalk.) The teacher will help. (Use
different radii depending upon the lengths (11) and (12 of the classroom).

Group V1 will keep the time during this investigation. They also will write down the data that is collected.
Count time in seconds by slowly saying 1-1000. 2-1000. 3-1000. 4-1000, etc.

B. Now. have the class calculate how many students are in group VI? How many students does this leave to
sit around each of the two circles? One fourth (1/4) of the total number should sit around the smaller

circle: and one-half (1/2) of the total number of students should sit around the larger circle. Each student
should sit facing a classroom wall.

The teacher will place a b sttle of inexpensive perfume at the ceater of the room which is at the center of the
two circles. Now he/she will open the bottle of perfume. A student from Group VI (the timekeeper) will
count 1-100, 2-1000 ... Each time a studc ot in eachi vircle first smells the perfume he or she will raise his or
her right hand. Timekeepers (from Group V1) will record. on the chalk board, the number of seconds that go
by before each student raises a hand. One recorder will write down the times for the inner or smaller circle,
A second recorder will do the same thing for the outer or larger circle.
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Record of Times

Smaller Circle A Larger Circle B C. Now calculate the average
Time Time time that it took the perfume
Students (Seconds) Students (Seconds) to reach the inner circie of
1 1 students.
2 2 Find the average time that it
3 3 took the perfume to reach the
4 4 outer circle of students. (The
5 5 teacher will assist here.)
6 6 To find these averages add the
7 total times & divide by the
8 number of students.
9 The average time that it took
10 the perfume to reach the inner
11 circle was seconds.
12
Totals Totals

The average time it took the
perfume to reach the outer
circle was ____ seconds.
Why are these two times
different or why are they
the same?

Calculations for determining

average times. Now ask each group to write
down an explanation for why
there was a difference in
average time. (The particles
of perfume moved further to
teach the students in the outer
circle, |f times come outthe
same it may be due to errors in

Explain how the liquid perfume got from the bottle to the student’s nose. To do this it will help to remember
the definition of | ord particle and to remember its use in explaining what happened when alcohol and
water mixed. Wri. vn the explanation,

P r ? arty ~| o) 1

s‘j rs\ls‘: )

Now find out the average speed with which the perfume particles moved through the classroom to each
circle. (To do this, divide the distances in ¢cm from the center of the circle to the circle. The divide this
distance by the average time that it took the particles to move to the students in the circle. This is the average
speed of the perfume particles. Speed is how fast something moves.)

distance (in cm.) from the center of the

Divide smaller cjrcle to the gircle =¢cm
average time (in sec) it took the particles = sec

to move this distance
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COMPARE THE RESULTS

distance (in cm.) from the center of the smaller

Divide circle o any student sitting around the circle = ¢m  (speed)
average time (in sec) it took the particles to = sec

move this distance

Now write about the speed of the perfume particles. Use complete sentences.

A. One student should read the following directions to his/her group. The group will discuss the directions.
Each group member should repeat the directions using his or her own words.

You can use a balance or a
scale to find out how much
your group's 100 cm3 measuring
100 o cylinder weighs when it s filled |
only with air. Weizh the cylinder.
7 Now add 100 cm3 of water to
tha cylinder. (Be certain ?
that the outside of the
cylinder is dry.) Now weigh
the cylinder and the water.
Then subtract the weight of
the cylinder from its weight
filled with water.
This gives the weight of
100 ¢m3 of water. (This
B. Actually weight will be about B. Actually weigh the
weigh the cylinder 100 g.) Thatis, 100 cm3 cylinder empty.
filled with water of water has a weight, or
to the 100cm? more accurately a mass
mark. of 100 g. Now find out
how much each cm? of water
weighs in grams. Discuss
how to find this out. Show
the calculations here.

(100g = g

100cm3 cm3)
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Lesson 8: Extending What You Know About Matter
Each group will complete one of the following activities. Members will report the results, orally, to the rest
of the class. 1f time permits, each group may complete all of the activities.

A. Read the following. Each particles of water and each particle of alcohol are similar in that each has a
positive (+) and a pegative (-) end. Use this information to add to your earlier gxplanation for the final
volume when you mixed 50cm3 of water and 50cm3 of alcohol.
M&I&mnmﬂnm&%mﬂmmmm_uwmmmu
fitting S v

rae.)

B. Tear a sheet of newspaper down the page. Then tear this same sheet across the page. Describe the
differences you observe.

N W 9 Wi e 1ear was s rey Whenw w
car was rough or ven,)

Fxplcun thc dxtTercnce in tear by usmg the word p_am_cls:;

apart morc evenly in one di inthe tion
C. Measure the length and width of your rcctangular classroom. One group will find out the yalues for 11
and 12 in meters (m).

11is Now calculate the total distance or
12y perimeter around the classroom.

Now actually measure the total distance or perimeter of the classroom in meters.

Compare the perimeters obtained by the two methods. Explain differences in the results. Discuss the
following questions: Figure the casiest way to determine the perimeter of a square rectangular classroom.
(Find out 11. and multiply it by 4: 11 x 4 = perimeter of the square room.)

D. Another group will measure how many times each piece of string (the radius of the circle) fits around the
circumference of the circle. The distance around any circle is called its ¢ircumference. These strings were
used to draw the circles. Repeat for the other circle. How many times did you place cach piece of string
around the circumference? (The number of times for each was a little more than 3.)

The length or distance from the center of a circle o its circumference .s called its radius. The length of the
string used to draw each circles’ circumference is its radius. Dividing the circumference by the radius, in
both cases. results in a number a little larger than 6.

The circumference of the larger gir¢le is ___cm.
Divide the circumference by the radius = _(6)
its radius 1s cm.

The circumference of the smaller ¢irgie s ____ cm.
Dwide the circumterence by the radius = _(6)

Its radiys 1s cm.
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Try the same measurement for another circle. (The answer also will be a little more than 6.)

You may wish to extend the results of this activity to consider the relationship between circumference and
diameter.

circyraference
2 radii (diameter) (pi); pi = 3.14 for any circle

E. The first group will predict. using mathematics, how much time it would take the particles of perfume to
reach the farthest wall of the classroom. Then explain to the class how they did this. (Calculate the pre-
dicted time by using the average spced of the particles and the distance from the center of the room (o the
wall.) Remember that speed was measured in cm/sec and distance in cm. The time (the answer) is in sec.
Students should do their calculations on large sheets of paper. and then explain them to the rest of the class.
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THE ABOUT MATTER CROSSWORD PUZZLE - A SUMMARY

A. Complete this puzzle by writing down the correct words.

ACROSS:

6. The distance around the outside of a circle is
called the

7. fills up most empty spaces.

9. All matter is made up of tiny

DOWN:

. occupies space.
2L x12xL3=

3. Particles of matter constantly ____

4. LIxL2=
11. The level drops when the boat
sinks. S. Watercan _____air.
6. 100 _____ make up a meter.
8. Ameterstickisusedw .
10. A property of all matter .
Appendi- B
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B. Choose ten new words that were used in this IALS. Write ecach word below. Then use each word in a
sentence.

Write cach w . Write euch sentence here

(5)
(6)
(7
(%)
(9
(1

Summary:

In this JALS. we learned that matter occupics space and that matter can be displaced by other matter. We
also learned that particles of matter move and we can calculate the average speed with which these particles
move. Finally. we strengthened our use of mathematical procedures and our use of English language.
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