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Foreword

“Science education is intended for all students.  Academic instruc-

tion must be designed so that each student has the opportunity 

to master science standards that provide systematic and coherent 

access to this challenging subject…Instruction for English Learn-

ers in the academic language of science is critical and must be 

specifically designed, planned, and taught.”

Science Framework for 

California Public Schools: 

Kindergarten Through Grade Twelve

2003 

As the Science Framework for California Public Schools 

points out, science education must reach the more than one 

quarter of our student population classified as English Learn-

ers (EL).  Among the many challenges facing teachers of EL, at 

all grade levels, are the purposeful development of scientific 

written and oral discourse, science-specific academic language, 

and standards-based understandings.  With these skills EL will 

succeed in the all-English classroom, eventually be reclassified as 

fluent English proficient (FEP), and graduate from high school 

prepared for postsecondary study and careers.

Designing and implementing effective science instruction 

for EL has been a major emphasis of the California Science Proj-

ect (CSP) through its university/school district partnerships across 

the state.  This publication reflects the crucial issues addressed by 

CSP in its professional development activities conducted by uni-

versity scientists in collaboration with EL specialists, and staff de-

velopment experts.  Among the topics examined, debated, and 

addressed in depth by CSP are modifying instruction, assessment, 

developing academic language, and the use of textbooks.

In this, the second edition of Essential Elements of Effec-

tive Science Instruction for English Learners, our English Learner 

Specialist Dr. Fred Dobb examines the special challenges to sci-
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ence teachers working with EL and the proposition that science 

teachers can be highly effective language teachers.  Response 

to the first edition of this publication from within California, 

the United States, and from other countries, has been encour-

aging and enthusiastic.  Fred Dobb’s work has now been used 

extensively by teacher credential programs at universities, school 

district professional development events and, of course, by the 

CSP regional sites.  Demand for more copies has resulted in this 

updated second edition, which includes expanded resources, a 

revised Sheltered Science Instruction Observation Protocol, and 

the addition of a graphic organizer for instructional planning, 

“Targeting Academic Language Development for English Learn-

ers Through Scientific Investigation and Experimentation,” in 

Appendix III.

Finally, the CSP network has embraced the development of 

the academic language of science for English Learners through its 

setting of priorities and the allocation of resources.  I wish to thank 

the following CSP statewide office staff members for their many 

contributions to the development of this publication:  Shan Boggs 

and Michelle Gamboa-Huitron, for their meticulous editing, Alex 

Ko, for his technical work, and Suzanne Nakashima for collaborat-

ing with the author on science content issues.  In addition, I wish 

to thank the following regional site educators for their sugges-

tions for enhancing this edition:  Sonia Jaramillo, Monterey Bay, 

Jeff White, Redwood, and Yolanda Guerrero, Olga Amaral, and 

Mercedes Durón-Flores, Imperial Valley.

 María Alicia López-Freeman

 Executive Director

 California Science Project
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Introduction

In planning activities affecting EL and their teachers, it is 

worth restating those key factors that are often lost during po-

litical battles over language minority education in California and 

the nation.  Once we understand and maintain awareness of the 

complex political, social, and economic reality of these students, 

we establish a firm foundation to assess the appropriateness of 

competing pedagogical philosophies and approaches.  Effective 

science teachers view their educational practice within the con-

text of the lives of their EL.

For those of us considering the impact our professional de-

velopment activities may have had, we need to reflect on just 

how strongly we have presented the case for needed change.  An 

upgrading of services to the EL population will arrive when we, 

as a community, are personally and professionally committed to 

work toward that which we would accept for our own children.  

Despite abundant evidence of our educational system’s failure to 

assure educational success for all students, our system has yet to 

respond with authenticity and quality implementation.

When we restate the key factors of working with EL, we ac-

knowledge that teaching demanding science content is not the 

same as teaching an English proficient student and we acknowl-

edge that reaching EL involves approaches that go beyond “just 

good teaching.”  Let’s examine these two factors more closely.

First of all, the U.S. Supreme Court, other federal courts, and 

the voters of California have identified EL as students requiring 

specialized instruction.  At a minimum, schools must select ap-

propriate approaches, implement those approaches, and moni-

tor student progress.  To ignore the language proficiency of EL is 

to violate their civil rights and doom them to academic failure.  

Extraordinary means, such as specialized English instruction and 

use of the primary language, are called on to avoid and/or make 

up for educational deficits.

In California, the possibility of teaching science through 
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the primary language has largely been foreclosed by state and 

local decisions to teach and test in English only.  In science, we 

need only refer to the results from recent testing to see that 

very few EL, at the high school level, scored at or above the 

50th percentile.

During professional development activities involving instruc-

tional strategies for EL, we often hear that these “are just good 

teaching practices.” Certainly these strategies may be effective 

with other students, but omitted in the comment is what the 

EL brings to the pedagogical encounter.  Whereas for other stu-

dents the approach may further clarify a concept, for the EL the 

same approach may be an instructional life raft, which rescues 

the student from an otherwise incomprehensible science les-

son.  We need to remind ourselves that EL often find themselves 

overwhelmed by a language not their own, in an unwelcoming 

school environment where they are reluctant to participate 

actively.  Also, we acknowledge that second language develop-

ment is a personal and idiosyncratic journey in which the science 

classroom can provide motivation and situations to use English 

for meaningful communication.

Finally, in restating and reexamining key factors affecting 

the teaching of science to EL, we accept the challenge to plan 

professional development activities that will create positive 

teaching and learning situations.  The CSP has committed itself 

to brighter academic futures for EL. Through this publication, 

with its delineation of ten essential elements of effective science 

instruction, we share what we have learned on the road to eq-

uity for these students.

12 13
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Essential Element #1 

Academic Language Through 
Science Instruction

Among the many challenges facing the teachers of EL is 

the purposeful development of academic language through 

science instruction in both self-contained and departmental-

ized settings.  For EL to succeed in the all-English classroom, to 

eventually be reclassified to fluent English proficient (FEP), and 

to graduate from high school, they need discipline-specific and 

appropriate language.

At present, in most educational organizations resources are 

dedicated to the earliest stages of English Language Development 

(ELD) where the student needs are the most obvious.  Newcomers 

and beginning ELD students learn survival and classroom coping 

skills.  Once oral social language is present, students’ needs for 

more demanding academic language can be masked by short an-

swers, smiles, nodding heads, and barely getting by in academic 

subjects.  Limited resources and extra help may be withdrawn in 

order to serve those at the lower proficiency levels, or withheld 

because it is seen as unnecessary for academic progress.

As a consequence, large numbers of EL reach the early inter-

mediate and intermediate level of English proficiency, and stay 

there.  (See Appendix III for complete proficiency level descrip-

tions.)  Statewide these students number in the hundreds of thou-

sands; they do poorly academically and receive little specialized 

instructional attention.  They struggle, but never excel or thrive 

in the classroom.  Their mastery of science content standards is 

inadequate and leaves them unprepared for higher education.  

In some districts, these are known as “the students waiting to be 

reclassified as FEP.”  Some leave high school after many years as 
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EL, with or without a diploma.  With increas-

ing graduation requirements, “without the 

diploma” will become the norm unless we 

strengthen services to EL in science as well 

as the other core subjects.

A linguistic profile of these EL reveals 

social speaking skills, but not the skills 

needed to persuade, debate, or give oral 

presentations.  Decoding skills may mask 

a lack of comprehension of complex text.  

Students get the main idea of a lesson, but miss important tech-

nical details and nuances. The specialized scientific meaning of 

everyday words goes unperceived.  Writing a few sentences on a 

test does not extend to completing a lab report.

The science teacher, at all grade levels, plays a pivotal role 

with these students.  It is the science teacher who can provide 

a language-rich environment where EL can create and express 

understandings.  Regardless of changing policies and practices, it 

is indisputable that science instruction has a distinct place in the 

development of academic language.  Within the CSP we work to 

recognize, understand and implement this vital role of subject 

matter instruction in academic language development.  Our 

work is guided by two fundamentals:

1.  Inquiry science provides shared experiences.  In other words, 

it offers an arena in which the EL can try out their matur-

ing ideas about scientific phenomena using their expanding 

second language skills.  It is only through expressing oneself 

about “something” that another language adheres to our 

lives and becomes part of our identities.  Science content be-

comes that “something.”  What is learned in science through 

English remains as part of one’s understanding of the uni-

verse and represents a step in one’s growth into a second 

language.  Thus, the student who plans, plants, observes, 

and records growth of her garden in English brings purpose 

Academic Language Through Science Instruction
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and significance to both life science and all ELD skills.

2.  There is a direct correspondence between the steps in the 

scientific process, with its incremental demands for an ever-

expanding vocabulary and literacy skills, and the levels of 

English language proficiency contained in the California 

ELD Standards. Throughout the process, the students’ goal 

is to use contextually appropriate language that is accurate, 

precise and objective.  For example, the oral or written de-

scriptions of experiments expose EL to a sequence of steps 

different in presentation style from other listening and 

reading experiences.  Language structures expressing causal 

relationships need to be understood, tried out, and eventu-

ally incorporated into the linguistic repertoire of the EL.

Appendix IV of this publication consists of a graphic orga-

nizer entitled “Targeting Academic Language Development for 

English Learners Through Scientific Investigation and Experimen-

tation.” It is designed for use in professional development pro-

grams in order to analyze the relationship between expermenta-

tion and investigation and English language developement, to 

plan instructional units. and to examine instructional materials.

As we continue to evolve as a provider of professional devel-

opment, we sharpen our focus on the academic success of EL by:

1. Capitalizing on the potential of each step in the scientific 

process for academic language development at each level of 

proficiency in listening, speaking, reading, and writing.

2. Promoting changes in the learning environment of the sci-

ence classroom to make it more supportive of EL success.

3. Incorporating into instruction what we have learned from case 

studies of former EL who have become science professionals.

4. Exploring the unique relationship between the sciences and 

the EL population — history, trends, desired goals, and inter-

national perspectives.
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5. Sharing among regional sites and efforts in other states an 

array of materials focusing on successful approaches.

6. Developing assessment items appropriate for students at 

various grade levels and diverse ELD proficiency levels.

7. Collaborating with regional leadership teams to strengthen 

our knowledge base and professional development delivery 

capacity regarding EL.

16 17
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Essential Element #2 

Affective Factors

It is worth pondering what would happen in California sci-

ence classrooms today to that famous screen beauty and inven-

tor, Hedy Lamarr, and other scientists for whom English was not a 

first language.  Would their talents in the sciences be recognized 

and encouraged or would they be advised to take less demand-

ing courses?  Would their lack of academic English skills result in 

poor grades and discouragement?

Often over looked in the articulation of quality science 

teaching is the affective domain so essential in making a positive 

connection with EL.  Without that connection, standards-based 

content, high quality materials, and teacher preparation have 

little impact.

Consider the 1998 California Standards for the Teaching 

Profession, developed by the California Department of Educa-

tion and the Commission for Teacher Credentialing, in light of 

connecting with EL.  As with most general statements and ge-

neric words of guidance geared to the broadest of educational 

audiences, a teacher has to amplify and stretch these standards 

to see the ties to the needs of EL.  If one wished to make the tie, 

it is possible.  If one wishes to ignore the tie, it is also possible.  It 

is not sufficient to merely mention “all students,” or “individual 

needs,” or “making subject matter accessible.”  One must also 

consider the perspective of the EL in the science classroom and 

what affective factors encourage EL engagement.

While trying to receive, interpret and explain science con-

tent, EL frequently ask themselves a series of questions in our 

classrooms.  Probably, most of our standards for teaching do not 
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come close to addressing them.  New and experienced teachers 

will likely find some resonance in these questions.  Here are a 

few examples:

• Does this teacher know who I am?

• Does this teacher care about me?

• Does this teacher want me to succeed?

• Does this teacher realize that I am not intellectually limited, even 

though I am not able to express myself completely in English?

• Does this teacher understand the fear of ridicule and embar-

rassment I must overcome every time I open my mouth to 

speak, participate in a group, or hand in written work?

• Does this teacher see me as a potential contributor to scien-

tific knowledge?

These are very relevant concerns of students who need to be 

assured and reassured that their teachers are aware of the issues 

behind each question and are willing to reach out to each EL.

Science teachers who are able to connect to these students 

are successful in communicating that students are not alone in 

their struggle to participate, that support is available, and that 

former EL have succeeded in the science program.  Equally im-

portant, on the part of the instructors, is the outward recognition 

that the EL population is diverse.  Instructors avoid making false, 

defeating assumptions about demanding science content knowl-

edge, academic English, and career goals and the futures of EL.

Next time we use our cell phones, think of former EL Hedy 

Lamarr, whose patent makes possible such wireless communica-

tion and think of those other EL we see in our classrooms.  The 

next important inventors and scientists (and movie stars) are 

before us.

Affective Factors
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Essential Element #3 

Classroom Talk

As new California Science Standards Tests are gradually in-

troduced, they will join the constellation of standardized tests 

designed for English proficient students, but inappropriately 

given to EL.  The difficulties of adequately assessing the science 

knowledge of EL in English have been extensively documented 

by Solano-Flores, Sexton, and others.  In response to this situ-

ation, CSP has been developing K–12 science standards-based 

measures that take into account the developing English profi-

ciency of these students.  (See Essential Element #10.)

Nevertheless, the new statewide science testing activity has 

caused science to re-enter the elementary school curriculum, at 

least at grades four and five, on whose science standards the 

test is based.  Looking at the blueprint for the test, we see that 

students will be expected to “know and express” and “show” 

their knowledge of specific scientific concepts from the fourth 

and fifth grade standards on a written multiple choice test using 

scientific terms, discourse and conventions.  The test blueprint is 

located at: http://www.cde.ca.gov/ta/tg/sr/blueprints.asp

There is now a greater likelihood that EL will receive science 

instruction.  In the process of planning science instruction, it is ex-

pected that teachers will consult both the California Science Con-

tent Standards and the English Language Development Standards 

to capitalize on the advantages of teaching content to develop 

academic language.  A hands-on science classroom can be a rich, 

highly motivating language laboratory.  The key to building on EL 

experiences and leading them to reading and writing about sci-

ence is engaging them in purposeful, guided instructional conver-

sations about their lessons.
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A groundbreaking article by one of the pioneers in content 

and language scaffolding theory and practice, Pauline Gibbons, 

shows just how productive this teacher and student talk can be 

in moving from everyday comments on scientific phenomena 

to academic discourse.  (Unless otherwise noted, all quotations 

in this section come from “Mediating Language Learning: 

Teacher Interactions in a Content-Based Classroom,” by Pauline 

Gibbons, TESOL Quarterly, Vol. 37, No. 2., Summer 2003. http:

//www.tesol.org/)

Gibbons’ article describes what she observed in two fourth 

and fifth grade classrooms working on magnetism and how 

effective strategies for instructional conversations resulted in 

student growth, both in English as a Second Language and in 

science.  The article includes samples of science-based conversa-

tions on magnetism and analyses of how teachers artfully used 

student responses to keep the dialogue moving to higher levels 

of scientific understanding and discipline-appropriate language.

According to Gibbons, significant student growth results 

when the following conditions exist:

1. Teachers and their EL students form a partnership through 

guided conversations in which the students gradually ap-

propriate the language of the discipline and use it to express 

their understandings. While there is “considerable linguistic 

and conceptual distance” between science teacher and stu-

dents, teachers make “discourse and linguistic choices” to 

contract that distance.

2. Teachers assist EL “in moving from registers expressing their 

firsthand experience in oral language to those expressing 

academic knowledge in writing.” In other words, teachers 

move EL along a continuum of oral social English to the 

school world of written language, from inter-personal talk 

to school valued expository text.

3. Teachers are skillful at signaling a need for clarification of 

EL talk and providing clues for modifying their language. EL, 

Classroom Talk
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not teachers, restate their words in more academic terms.  

“The teacher hands over to the student the responsibility for 

clarification, which results in increasingly explicit informa-

tion from the student …comprehensible output.” In effect, 

teachers are stretching student language to conform to con-

ventions of the discipline.

4. EL take responsibility for making themselves understood to 

teachers who are motivated and interested in developing 

effective speakers who can describe, explain, question, hy-

pothesize, and persuade.

5. Instructional conversations represent a rehearsal for scien-

tific writing in lab reports or science journals.

In summary, Gibbons reminds us that in preparing EL to 

take the written fifth grade science test and future tests at 

other grades, we must reconsider and effectively employ the 

oral instructional conversation in order to move EL from personal 

experience to academic English, from detailed oral expression to 

factual writing, and from a superficial to a deep understanding 

of science.

20 21
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Essential Element #4 

Vocabulary Development

Science vocabulary development represents a continuing 

thread of academic growth for EL as they progress through 

the levels of English proficiency from “beginning” toward “ad-

vanced.”  Here, we look at science vocabulary development from 

three perspectives: its importance in over-all academic achieve-

ment; its role in student use of the academic language of science; 

and the powerful instructional use of high frequency science 

terms and academic vocabulary lists.

Research shows a strong relationship between an extensive 

student vocabulary and over-all academic achievement. Stan-

dardized tests favor students with well developed vocabularies. 

During science instruction, EL must rely on their second language 

vocabulary not only to understand concepts, but also to gener-

ate written explanations of their readings, experiments, and 

observations for themselves, their teachers, and fellow students.  

Higher levels of academic achievement accompany an ever-ex-

panding vocabulary for EL.

In a refinement of his work on second language develop-

ment, Cummins states in “Reading and the ESL Student,” that EL 

progress in their academic careers from acquiring conversational 

fluency by adding the most frequently used spoken words to 

their linguistic repertoire, to learning discrete language skills in 

order to comprehend new vocabulary, to the ultimate goal of 

general and science-specific academic language.  At this stage in 

their science study, vocabulary principally from Greek and Latin 

roots can represent a significant challenge.  Science reading ma-
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terials become more complex, technical, abstract, and beyond 

students’ social experiences.  Extensive reading of science materi-

als, however, provides exposure to Greek and Latin-based words, 

a richness not generally found in oral language.

Because a basic core of approximately 2,000 high frequency 

words accounts for most words in academic writing, effective 

science teachers can provide direct instruction of vocabulary to 

benefit EL through a variety of activities.

In Accelerating Academic English:  A Focus on the English 

Learner, Scarcella advises that these activities target not just 

meaning, but also such related issues as parts of speech, fre-

quency, appropriateness in scientific writing, which words are 

commonly used with the word, and pronunciation.

There are many well researched, high frequency word 

lists available, ranging from general academic language, to 

general science, to science discipline specific.  The Corson Uni-

versity Word List: The Most Frequently and Widely Used 150 

Words, represents the first type of list and contains words like 

“environment,” “affect,” “select,” 

and “species,” which first appear 

in the kindergarten science class.  

The Academic Word List contains 

800 words arranged alphabeti-

cally from all disciplines. Bar-Tzur’s 

Vocabulary List for General Sci-

ence contains 357 terms, many of 

which first appear in early science 

instruction and continue through 

university. Finally, an Internet 

search reveals specific vocabulary lists for biology, geology, envi-

ronmental science, chemistry, and physics.  Examples of science 

specific words are: http://www.theinterpretersfriend.com/tech/

vocab/vl/science.html and http://www.uefap.co.uk/vocab/select/

sp_env.htm

Vocabulary Development
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In their practice, the instructors need to be conscious of 

these word lists, gauge their importance for EL, and emphasize 

those words with the greatest likely benefit to the students.  Key 

to profitable use of student study time is placing instructional 

spotlight on words likely to reappear regardless of grade, science 

course, or textbook. These words should be used in lesson plan-

ning, used consistently in class in different lessons, and should 

appear in student speech and written work.

Not only do words and expressions have different meanings 

from everyday usage, but also for EL, the common usage itself may 

be unfamiliar.  In summary, instructors can pay attention to teach-

ing vocabulary within the scientific context, not in isolation, and 

avoid memorization of vocabulary lists without content support.

24 25
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Essential Element #5 

The Science Textbook

It is useful to examine the recommended ways of working 

with EL and their science textbooks.  Among the many challeng-

es faced by the science teacher is the effective use of textbooks 

developed with little consideration for the EL.  Clearly, teachers 

must explore new ways to use the textbook to reach EL for both 

the learning of science content and proficiency in the academic 

language of science.  It is through this examination that science 

teachers also better understand their role as facilitators of sec-

ond language development.

Using science textbooks with EL presents the instructor with 

a pedagogical dilemma.  On one hand, the use of the same 

textbook as that used with English proficient students assures 

that the EL student will be exposed to the same standards-based 

content.  Eventually, the student will face this same content in 

standards-based examinations written in English.  Here, too, is 

a great potential source of academic language about real world 

phenomena.  The textbook provides the student with a written 

reference full of colorful illustrations, charts, and graphs.  On the 

other hand, because the text assumes proficiency in academic 

English, it is obvious that the EL will not derive the same benefits 

from the textbook without teacher intervention and guidance.  

In her landmark work, Teaching Science to Language Minority 

Students, scientist and second language acquisition specialist 

Judith W. Rosenthal explains why.

Rosenthal asserts that the factual and direct style of scien-

tific writing can be dull, impersonal, and decidedly harder to 

understand than narrative fiction.  The English classroom, where 
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the most direct teaching of language occurs, rarely exposes the 

EL to expository writing with complex content.  In the textbook, 

content is often unfamiliar, and new vocabulary is introduced 

rapidly and constantly.  Details are usually presented before 

general ideas and concepts.  Dense passages require rereading.  

There is infrequent repetition or restatement of information.

When faced with fact-packed textbooks and the necessity to 

slow down and reread material, even the most motivated EL com-

plain of fatigue and frustration.  Students with strong academic 

preparation in their primary language may need two or three 

times as long to read the textbook as they would to read the same 

material in their stronger language.  Without careful instruction, 

their engagement with the text and comprehension tend to be 

low.  Frequently, they miss the major science concepts and find 

little positive reinforcement in their attempts to keep up.

A thorough review of materials, focusing on the challenges 

presented to EL by their science textbooks, yields the following 

six groupings of instructional strategies and approaches:  primary 

language support, reading comprehension activities, attention 

to study skills, vocabulary development, attention to scientific 

discourse patterns, and the use of supplementary materials.

1. Primary language support is appropriate for EL at vari-

ous levels of proficiency development.  Depending on the 

instructional objectives of the program, primary language 

utilization ranges from classes taught in the other language 

to the use of bilingual instructional assistants, to purchasing 

bilingual dictionaries to including other language editions 

of the textbook and tests.  The appropriate grouping of stu-

dents with a common primary language often facilitates the 

inclusion of primary language support.

2. Reading comprehension activities for individual students and 

groups appear in compendiums of teacher directed strate-

gies.  Typical of these activities are those that focus on impor-

tant habits such as previewing material, recognizing chapter 

The Science Textbook
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headings, identifying introductions, reading every first sen-

tence in a paragraph, understanding visuals and graphs, sum-

marizing, and answering end of chapter questions.  Activities 

emphasize the importance of allowing students to show their 

understanding of written materials in a variety of ways.

3. Attention to study skills often includes the study of the 

textbook as a genre with definite characteristics of expres-

sion.  Cautions are shared about such unfortunate textbook 

practices as placing visuals at a distance from related text or 

including interesting, but extraneous material in chapters.  

In this grouping, we also find an examination of comprehen-

sion strategies used by successful science students in master-

ing the material of each chapter. 

4. Vocabulary development focuses on the multiple meanings of 

words frequently found in science textbooks.  Scholars have 

developed multiple lists of high frequency academic words 

and words appearing in science materials.  Science word lists 

include: http://www.theinterpretersfriend.com/tech/vocab/

vl/science.html and http://www.uefap.co.uk/vocab/select/sp_

env.htm

 Key to profitable use of student study time is placing instruc-

tional spotlight on words likely to reappear often during the EL 

years in class, regardless of grade, science course, or textbook. 

Not only do words and expressions have different meanings 

from everyday usage, but also for EL the common usage itself 

may be unfamiliar.  Attention is paid to teaching vocabulary 

within the scientific context, not in isolation.  Memorization 

of vocabulary lists without content support is avoided.  (See 

Essential Element #4.)

5. Attention to scientific discourse patterns is crucial in getting 

EL to recognize and understand the differences between 

expository text and narrative.  Students need to get practice 

reading, listening to the material, and using such common lin-

guistic structures as “if _______, then_______,” linking words 
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such as “then,” “next,” “finally,” “after,” the explanation of 

events or phenomena using a logical sequence, or the inclu-

sion of a concluding statement in oral and written reports.

6. Use of additional supplementary materials, to strengthen EL 

understanding of major concepts or to link their prior expe-

riences to new science classroom experiences, is frequently 

suggested.  In cases where the student does not comprehend 

the textbook material, these materials provide alternative 

avenues to the material.  A comprehensive list of such ma-

terials for science is found at the California Department of 

Education website at: http://www.cde.ca.gov/ci/sc/ll/

In summary, the challenges presented to EL by their science 

textbooks can be addressed by the instructor through a variety 

of approaches that both add depth to scientific understandings 

and further the development of academic English.  Resources, 

representative of each of these six groupings of ways to work 

with EL and their science textbooks, are found in the Pedagogy 

section of Appendix I.

The Science Textbook
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Essential Element #6 

Science Textbook Teachers’ Guide

Essential Element #5: the Science Textbook identifies a 

variety of effective textbook-based strategies in the second 

language acquisition literature specific to working with EL: (1) 

primary language support; (2) vocabulary development; (3) at-

tention to study skills; (4) reading comprehension activities; (5) 

attention to scientific discourse patterns; and (6) use of supple-

mentary materials.  Nevertheless, even a limited review of sci-

ence textbook teachers’ guides, finds that few of these strategies 

have been adapted for chapter topics or as ways of approaching 

reading comprehension.

It appears that the number of excellent resources filled with 

instructional strategies for working with EL have had only lim-

ited impact on science textbook writers and publishers.  In order 

to maximize the usefulness of science textbooks for EL and their 

teachers, many textbook publishers have added sections to their 

teachers’ guides explicitly for EL similar to sections for gifted and 

compensatory education students.  In all cases, these sections 

are welcome and long overdue. Now that EL and their teach-

ers are included, it is time to consider the nature and quality of 

this inclusion.  Regrettably, in some cases, the inclusion of these 

strategies seems forced and not grounded in the major science 

concepts presented in the student textbook.

Here we look at typical science textbook teachers’ guides 

suggestions and find that these suggestions fall into the follow-

ing six broad categories:  (1) use of primary language; (2) word 
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origins/pronunciation; (3) study skills; (4) link to prior knowl-

edge; (5) interactions with other students; and (6) visual repre-

sentations.  Our review contains abbreviated examples of each 

category with commentary.

1. Use of primary language — Examples: “Ask students for the 

word for ‘lead’ in their native languages.”  “Have students 

write down the types of rocks in their native language in a 

journal.”  Comment: Not addressed are how teachers are to 

use these student-generated words in instruction, especially 

when the teacher does not know these other languages and 

when primary language instruction in science is not offered. 

Students may not have the scientific vocabulary required in 

their primary languages.

2. Word origins/pronunciation — Examples: “Mention that the 

word ‘X’ is of Greek origin and means ‘Y.’ ” “Point out that 

when words with two or more syllables end with a ‘y,’ the ‘y’ 

sound is usually like a long ‘e.’” Comment:  There are more 

“telling about the word” sections than significant vocabulary 

development activities.  There is a need for stronger connec-

tions between the use of the words within the unit and more 

student use of the new words in speaking and writing.

3. Study skills — Examples: “Challenge the student to use the 

dictionary to look up ‘Z.’ ” ”Have students make up their 

own memory devices to remember science facts.”  Comment: 

There is a need to explain how teachers can help students 

build on the language skills they have to review and write 

about what they have learned.  There is little attention to 

the textbook as a specific genre with reading challenges or 

on how to understand the information as it is presented in 

different forms.

4. Link to prior knowledge — Examples:  “Have EL prepare 

topographical maps of the area in which they were born 

or immigrated from.”  “Visit a construction site where ma-

chines are used and discuss observations in the classroom.”  

Science Textbook Teachers’ Guide Suggestions
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Comment: There is an absence of systematic ways of ac-

knowledging student prior experience and knowledge and 

sharing it with others.  Prior knowledge is not examined and 

valued fully as key to deeper comprehension of print.

5. Interactions with other students — Examples: “Pair EL up 

with English proficient students to discuss the results of the 

experiment.” “Request students describe their experimental 

procedures with the class.” Comment: More guidance is 

needed in establishing roles and expectations for EL partici-

pation in heterogeneous groupings. 

6. Visual representations — Examples:  “Challenge students to 

draw and label the parts of a volcano.” “Arrange chairs in 

the classroom to reflect the solar system.” “Ask students to 

draw two word webs.” Comment:  These activities are ad-

equate beginnings that should be used to expand student 

language in all skill areas; however, more detailed instruc-

tions to the teacher are needed.

In comparing these two sets of categories — one from 

methodological sources, the other from science teachers’ guides 

— there appear to be some similarities for items one through 

three.  Nevertheless, to fully operationalize these strategies the 

guides need further development.  Take, for example, the first 

three areas.  Primary language support exists when the teacher 

can understand and react to what the EL student has produced 

in the other language.  Vocabulary development in science is 

successful when EL can incorporate new vocabulary accurately 

into their oral and written production.  Study skills result in inde-

pendent learners.  Regarding the other three areas, the teachers’ 

guides fall far from the mark.  For example, reading comprehen-

sion would ideally focus on those challenges presented by the 

content of the textbook itself.  Further, there is very little atten-

tion to the patterns of written and spoken scientific discourse.  

Supplemental materials other than those associated with the 

various textbook series that could be of importance to EL are 

usually omitted.
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However well intentioned teacher guide suggestions may 

be, in some cases, they are incomplete paths to the development 

of the academic language of science or the understanding of 

science concepts.

It still falls to the instructor to combine her pedagogical 

knowledge of EL strategies with her science content knowledge 

to assure quality instruction.  Following the teachers’ guide 

alone will not lead to the mastery of standards.  In most teach-

ers’ guides, the same series of suggestions are repeated regard-

less of the scientific topic presented in the chapter, the prior 

science studies of the students or English proficiency level.  In 

general, there is a lack of emphasis on student comprehension 

of major concepts and a focus on discrete parts of the material 

in the textbook.

In evaluating the overall seriousness and quality of a science 

teachers’ guide and whether or not to employ the proposed 

strategies, teachers should ask a few of these questions:

1. Is there a means for checking EL comprehension of the unit 

content?  If students didn’t get it, what do I do?

2. Do these strategies utilize and lead to the independent use 

of science process skills?

3. What correspondence exists between the strategies and the 

ELD levels of my students?

4. Are strategies consistently placed throughout the teachers’ 

guide?

5. Are the activities equal in rigor and challenges to those for 

all students?

6. Are strategies provided for scaffolding instruction in the 

introduction of new materials?

7. Are strategies provided which lead to an instructional con-

versation between EL and their teacher?

8. Do the activities capitalize on the visual and physical proper-

ties of science experiments and demonstrations?

Science Textbook Teachers’ Guide Suggestions
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Essential Element #7 

Professional Development

This is a  consumers’ guide developed in order to assist teach-

ers in making an informed selection of professional development 

programs.  All CSP regional sites address the needs of EL explicitly 

and in detail through written proposals of professional devel-

opment focusing on areas of critical importance in instruction.  

Whatever their level of expertise and history of commitment to 

EL issues, each site is challenged to rethink its services to EL and 

under performing schools, and include well planned activities 

based on a firm theoretical base in their program designs.

Several years of building expertise and capacity have paid 

off with all proposals addressing academic language in the sci-

ence curriculum for EL, and with various degrees of sophistica-

tion and precision.

Among those instructional issues that are receiving further 

CSP attention, through additional resources to sites and techni-

cal assistance, are the following:

1. The special challenges of scientific spoken and written dis-

course, and vocabulary that need to be included in instruc-

tional design.

2. Incrementally adding rigor to academic language as stu-

dents progress to higher levels of English Language Devel-

opment (ELD).

3. Assuring that the specific needs of EL are addressed not just 

at the earliest stages, but until they have mastered the liter-

ary conventions of science and can communicate effectively 

within the discipline.

4. How state-adopted and supplementary materials can most 

effectively be used with EL.
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5. Efficient and supportive ways to provide feedback to stu-

dents on their written and oral work within the context of 

science instruction.

In planning professional development programs, each CSP 

site faces significant challenges.  Consulting standard references 

in science education provides no help as they largely ignore the 

issue of language minority students.  On the other hand, publica-

tions by the Teachers of English to Speakers of Other Languages 

(TESOL) organization frequently call for essential collaboration 

with subject matter teachers. Consequently, CSP sites survey 

teacher needs and adapt from their previous experiences in de-

veloping action plans.

In any case, here are a several questions to ask.  No program 

will probably include all these features.  The programs will also 

probably cover additional topics, concerns, and issues.  While this 

list is not all-inclusive, it does provide some guidance in making 

decisions about professional development for those teaching sci-

ence to EL.

1. To what extent is the program based on the development of 

academic English for science?

2. Is there a demonstrated understanding of the relationship 

between ELD and science?

3. Do activities focus on activities designed to move students to 

the next higher level of English proficiency?

4. Is there a strong focus on providing a rigorous science stan-

dards-based curriculum for EL?

5. Does the program make informed connections between ELD 

and the science standards?

6. Does the program acknowledge the needs of EL at all levels 

of developing English proficiency?

7. Is there attention to ways of providing feedback to students 

in all language skill areas, especially writing?

Professional Development
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8. How well does the program address the science-specific aca-

demic language challenges for EL?

9. Does the program assist teachers in the use of state-adopted 

materials and supplementary materials with EL.
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Essential Element #8 

The Sheltered Science Instruction 
Observation Protocol

The world of sheltered instruction for EL and their teachers 

has taken a huge step forward with the start of training sessions 

offered by the Center for Applied Linguistics in support of the 

Sheltered Instruction Observation Protocal (SIOP).  California 

State University, Long Beach, (CSULB) was the site of the first 

SIOP Training of Trainers attended by an international group of 

instructors and representatives from the CSP.  Many future train-

ings are planned around the world.  The trainers were the cre-

ators of SIOP:  Dr. Deborah Short, Center for Applied Linguistics; 

Dr. Mary Ellen Vogt, CSULB; and Dr. Jana Echevarria, CSULB.

CSP involvement with SIOP has continued with the adap-

tation of the instrument and training to the specific needs of 

standards-based science instruction.  As commonly implemented, 

Sheltered Instruction (SI) or Specially Designed Academic In-

struction in English (SDAIE) is a means for making grade-level 

academic content accessible to EL, while at the same time pro-

moting their English language development.  Science teachers 

skilled in SI use strategies such as visual aids, demonstrations, 

pre-reading activities, graphic organizers, and adaptation of 

textbooks to make the content comprehensible.  These teach-

ers develop the academic language of science through specially 

designed activities in listening, speaking, reading, and writing.  

They purposefully work to include the discourse of science in the 

linguistic repertoire of their students.

The SIOP is a tool for self-monitoring and/or peer coaching in 

the effective delivery of content to EL.  The document focuses on 

the following areas of teaching and learning:  preparation, build-
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ing background, strategies, interaction, practice/application, les-

son delivery, and review/assessment.  Complementing the SIOP 

is the SIOP Lesson Planning Guide.  Both documents lead us in 

the careful combination of English Language Development Stan-

dards and science standards.

The CSP statewide office now offers Sheltered Science Instruc-

tion Observation Protocol (SSIOP) training to its regional sites for 

replication in schools, districts, and science departments.  Each 

regional site receives a comprehensive training manual, publica-

tions developed by SIOP, including a training video and Making 

Content Comprehensible for EL:  The SIOP Model, the adapted 

SSIOP, and follow-up consultations for implementation. 

The following is the text of item #15 taken from the instruc-

tion section of the CSP adapted SSIOP that can be rated by the 

instructor or others observing the science lesson.

The teacher engages students in a scientific conversa-

tion, which moves students from personal experience 

and everyday language to generalizations expressed in 

discourse patterns specific to the discipline.

The teacher includes the use of question types and strat-

egies, which specifically promote science process skills 

(e.g. observing, classifying, measuring, using numbers, 

communicating, inferring, predicting, collecting, record-

ing and interpreting data, and identifying and variables, 

defining operations, making hypotheses, and construct-

ing and using models).

The complete SSIOP is found in Appendix II of this publication.

Further information on SIOP, articles on the accomplishments 

of the project, and research focused on sheltered instruction is 

available on the SIOP web page: http://www.cal.org/projects/si

The Sheltered Science Instruction Observation Protocol
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Essential Element #9 

Lesson Study

Regional sites have participated actively in including the 

Lesson Study process in their professional development activi-

ties.  The process lends itself to a closer examination of instruc-

tion as teachers discuss their planning and attempts to reach 

all students.  Each step in the organization of Lesson Study, 

such as focusing on goals and content, planning study lessons, 

teaching and observing lessons, discussing instruction, revising 

and reteaching, and filing the lesson study report — provide 

opportunities for observing EL and their work and constructing 

improved instructional strategies.  At each point, we consider 

the short and long term progress of our science students.

Within the CSP,  we work to meet the challenge of making 

standards-based instruction comprehensible to EL and to provide 

the opportunity for these students to develop the academic dis-

course to succeed in the science curriculum.  As we consider indi-

vidual standards, we may lose sight of larger goals for EL.  Lesson 

Study asks us to consider how close we are working toward these 

larger goals for EL.

What do we mean by these larger goals?  Specifically, for 

these second language learners, this means gradually develop-

ing English proficiency that approximates that of their Eng-

lish-speaking peers, that permits successful participation in the 

school’s academic program, and provides students with skills to 

meet most course needs.  Students can then read, comprehend 

and write to meet most academic demands of the discipline at 

grade level.  It means being reclassified as fluent English profi-

cient using multiple criteria, and graduating from high school.  
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In addition, we want these students to be scientifically literate 

and capable of building connections between science, technol-

ogy and society.

For example, in working with EL at the intermediate level 

of proficiency on a unit on ecosystems, we expect students to 

explain how energy flows through the system.  In order for stu-

dents to explain in both oral and written form, a lesson must 

contain specific content and second language instructional char-

acteristics.  Thus, before we ask students to explain to classmates 

or answer essay questions about ecosystems, we need to review 

the nature of the instruction they are receiving.  More specifi-

cally, we might ask the following questions:

1. Have students been able to make the connections between 

the concept of ecosystem with their own life experiences?

2. Have students been exposed to sufficient material to draw 

upon for their explanations?

3. Do students have the command of patterns of oral and written 

organization to be able to successfully share what they know?

4. Have students had the opportunity to perform the role of 

teacher or guide to peers or adults?

5. Has corrective feedback been provided to students before 

performance is formally evaluated and graded?

6. Have students begun to feel comfortable as explainers of 

scientific phenomena? 

7. Through their classroom activities have students added the 

vocabulary specific to ecosystems such as food, energy, flow, 

and interdependence to their active personal vocabulary?

In summary, the Lesson Study process provides us with an op-

portunity to improve our instruction by purposefully examining, 

along with our colleagues, the long-range goals for EL in science 

and seeing if our incremental, daily instructional steps will lead 

us to fluent English proficiency.

Lesson Study
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Essential Element #10 

Assessment

CSP has been developing and field-testing a set of crite-

rion-referenced measures for EL based on the California Science 

Content Standards over the last three years.  During this period, 

the California English Language Development Test (CELDT) has 

become the established statewide-standardized instrument for 

initial EL identification and measuring annual English language 

growth.  There now exists a commonly used set of descriptors of 

EL proficiency levels: beginner, early intermediate, intermediate, 

early advanced, and advanced.  A more complete description of 

these levels is included in Appendix III of this publication and on 

line at: http://www.cde.ca.gov/ta/tg/el/

Teachers have also become increasingly sophisticated in their 

use of all testing results in planning instruction.  The CSP/EL items 

provide additional subject-specific information on the develop-

ment of academic language.  The items also function as interme-

diate steps in preparing EL to take standardized tests in science 

and other subjects that have been designed for the general Eng-

lish proficient population.

The CSP’s commitment to this project arises from both exten-

sive classroom experience and a thorough review of the research 

showing just how difficult it is to get an accurate picture of what 

EL get from science instruction conducted through their second 

language.  In addition, the CSP recognizes the complexities of 

working with two sets of standards: science and English Lan-

guage Development (ELD), and has come to capitalize on the re-

lationship between doing and experiencing science and talking 

and writing about it using the topic appropriate discourse pat-
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terns and vocabulary for 

each grade level.  Finally, 

and most importantly, 

the CSP fi rmly believes 

that effective science 

teaching provides EL 

with a contextualized, 

interactive opportunity 

for academic language 

development.  Explicit 

teaching of the science 

process skills — observ-

ing, classifying, measur-

ing and using numbers, 

communicating, infer-

ring, predicting, and col-

lecting, recording, and 

interpreting data — pays 

off in EL growth in both 

science and English.

Briefl y described, 

the test items address a 

variety of K–12 standards 

in a format and style 

designed to minimize 

student confusion and 

maximize performance.  

Topics include: ecosys-

tems, evolution, earth 

changes and agriculture, 

the food web, and the 

water cycle.  Each item 

contains the following 

sections: completed and 

process skills — observ-

ing, classifying, measur-

ing and using numbers, 

communicating, infer-

ring, predicting, and col-

lecting, recording, and 

interpreting data — pays 

off in EL growth in both 

science and English.

the test items address a Fig. 2

variety of K–12 standards 
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designed to minimize 

student confusion and 

maximize performance.  

Topics include: ecosys-

tems, evolution, earth 
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water cycle.  Each item 

contains the following Fig. 3
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each grade level.  Finally, 

and most importantly, 

the CSP fi rmly believes 

that effective science 

teaching provides EL 

with a contextualized, 

interactive opportunity 

for academic language 

development.  Explicit 
Fig. 1

44 45

Essential Elements of Effective 
Science Instruction for English Learners



labeled diagram (See Fig. 

1), “sentence completion 

with word bank” (See 

Fig. 2), “complete the 

visual organizer” (See 

Fig. 3), “write a para-

graph” (See Fig. 4), and 

an optional “talk about 

it” (See Fig. 5).  Students 

are encouraged to draw 

upon information from 

all sections of each item, 

as well as their classroom 

instruction to provide 

their answers.  Teachers 

and scorers are provided 

with separate rubrics for 

judging student respons-

es for science content 

and English language 

development.  At this 

point in the fi eld test, 

over one thousand students have participated.

Developers, scorers, and fi eld test teachers have increased 

their learning in a number of areas.  Among the declarative 

statements we can make, based on preliminary analyses of stu-

dent responses, are the following:

1. Rubrics alone are inadequate for scoring.  In making determi-

nations about content and ELD, it still takes an experienced 

and sympathetic scorer and a rubric to make reasonable judg-

ments about EL responses.

2. Students need to be taught to take advantage of and use all 

the information presented to them.  They should learn that 

it is not cheating to copy words, phrases and ideas presented 

Fig. 4

Fig. 5Fig. 5
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within the test items.  Test taking skills and strategies need 

to be taught explicitly. 

3. In writing directions for examiners, we cannot be too ex-

plicit.  For example, it must be clear that students are to 

tell about the process happening in a picture, not to just 

describe the superficial features of a picture.

4. In science and language instruction, extensive input and 

practice are needed to result in even small amounts of 

student production.

5. Writing is key to communicating understandings and the 

most difficult test of academic language and scientific 

understanding.  EL students who can communicate their 

observations and understandings in an accurate, simple and 

clear manner have a solid base for more challenging work 

in the sciences.

6. Words used within a science context do acquire a meaning 

often quite different from their common definitions in social 

conversations.  In an ecosystem, for example, the relation-

ship between plants and animals differ from that established 

between teachers and students.  Consequently, we need to 

do more to introduce scientific vocabulary within the con-

text of the experiment, observation, or presentation.

7. Directions to the examiner must be clear, simple, and to 

the point.

This developmental project, based on science testing re-

search and best practices in second language learning, offers a 

model for other subject areas to assess EL progress in the mastery 

of standards and the development of academic language.

Assessment
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In Summary

Designing and implementing effective science instruction 

for EL has been a major emphasis of the California Science Proj-

ect.  As a statewide project, we have sought to capitalize on the 

logical connections between the richness of the science curricu-

lum and the stages of second language proficiency development 

for the benefit of the EL population.  Implementation continues 

through a network of committed regional sites.  Many questions 

about effective practices remain to be answered.  This publica-

tion has presented the essential elements to be considered by 

professional development planners and teachers as they present 

standards-based science content to English Learners:  the effec-

tive use of textbooks, guiding instructional conversations, devel-

oping academic language, scaffolding instruction, instructional 

planning, and assessment.  As the CSP evolves, it will continue to 

refine its approaches to assure educational equity to language 

minority students in science, from kindergarten through grade 

twelve and beyond.
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Appendix II 

Sheltered Science Instruction 
Observation Protocol (SSIOP)

This is an adaptation of the original abbreviated Sheltered Instruction 
Observation Protocol (SIOP) presented in training by the Center for 
Applied Linguistics.
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Sheltered Science Instruction Observation Protocol (SSIOP)
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Sheltered Science Instruction Observation Protocol (SSIOP)
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Appendix III 

Targeting Academic Language 
Development for English Learners 
Through Scientific Investigation 
and Experimentation

Purpose

Designed for use in professional development programs 

with the California Science Project Publication Essential 

Elements of Effective Science Instruction for English (http:

//csmp.ucop.edu/csp/index.php) as a tool for:

1. Analyzing the correspondence between scientific inves-

tigation and exploration at all grades in the California 

Science Standards, K-12, and the second language 

functions required of English Learners at each step in 

the process.

2. Planning instructional units for English Learners based 

on both the California Science Standards and the Cali-

fornia English Language Development Standards (http:

//www.cde.ca.gov/ci/).

3. Examining science textbooks, curriculum units, and 

other instructional materials for a comprehensive treat-

ment of English Learner challenges.
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Common Scientific Language Functions

Analyze

Anticipate

Calculate

Challenge

Cite discrepancies

Cite information

Classify

Compare

Conceptualize

Conclude

Confirm

Construct charts 
and graphs

Consult multiple 
sources of 
information

Contrast

Copy

Defend a position

Demonstrate

Describe

Design

Determine

Disagree

Discuss

Distinguish cause 
from effect

Distinguish 
constants from 
variables

Distinguish fact 
from opinion

Document

Estimate

Experiment

Explain

Explore

Formulate

Hypothesize

Identify

Identify physical 
attributes

Identify properties

Identify 
relationships

Illustrate

Infer

Inquire

Interpret

Investigate

Investigate cause/
effect relationships

Justify

List

Make a claim

Measure

Observe

Organize

Outline

Persuade

Plan

Predict

Propose

Provide evidence

Provide rationale

Question

Read

Recognize

Record

Reflect upon

Reformulate

Replicate

Report

Request and 
provide assistance

Request and 
provide directions

Revise

Sequence

Solve

State

Strategize

Suggest

Summarize

Support with facts
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Steps For Completing The Graphic Organizer

1. Select as your topic for investigation and ex-

ploration a standard from either physical sci-

ences, or life sciences, or earth sciences for the 

grade level of your choice.  Insert that standard 

in the center circle.  For example, one fifth 

grade standard might be: “students know the 

origin of the water used in their communities.” 

2. In the “experimentation and investigation” 

circle insert the steps appropriate for the 

grade level of your choice and apply the steps 

of the scientific process to the content stan-

dard you have selected.  For example, at fifth 

grade one of the nine steps would read: “stu-

dents classify sources of water according to 

the size and location.”

3. In the outer circles identify the language func-

tions needed.  For example, in the listening 

circle: “students listen to information pre-

sented orally and take notes on the size and 

location of water in their community.”

4. Note that from kindergarten through grade 

12 the number and complexity of steps in the 

investigation and experimentation cycle in-

crease.  The example presented here is for the 

fifth grade.

Common Scientific Language Functions

Please see page 64 for a list of common scientific 

language functions.
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Appendix IV 

California English Language 
Development Test Profi ciency 
Standards (CELDT)
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Appendix V

Map of California Science Project Sites

1. Bay Area
(510) 643-3478

2. BEST Institute
(510) 885-3438

3. CSP at Irvine
(949) 824-6390

4. Central Coast
(805) 756-0292

5. Central Valley
(559) 278-0239

6. Delta Sierra
(209) 468-4880

7. Imperial Valley
(760) 768-5538

8. Inland Area
(909) 787-4361 
ext. 11663

9. Inland Northern
(530) 898-5539

10. Monterey Bay
(831) 459-2001

11. North Bay
(707) 664-2157

12. Redwood
(707) 826-5551

13. Sacramento Area
(916) 278-5487

14. San Fernando Valley
(818) 677-3543

15. San Gabriel Valley
(909) 869-4743

16. South Coast
(805) 893-5663

17. UCLA
(310) 825-1109

18. UCSD
(619) 849-2204

19. UCSF
(415) 514-0588
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“Science education is intended for all students.  Academic instruction must 

be designed so that each student has the opportunity to master science stan-

dards that provide systematic and coherent access to this challenging sub-

ject…Instruction for English Learners in the academic language of science is 

critical and must be specifically designed, planned, and taught.”
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