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Abstract

In spite of reform efforts, opportunities for all students to learn
science remain illusive. Recent studies indicate that science
curricula do not meet students’ learning needs. Research-based
curricula focusing on science inquiry with English language
learners (ELLs) have yet to be developed. To encourage
development of appropriate sciencematerials, thispaper discusses
the learning needs of specific groups of ELL s and their teachers.
First, we describe our research with groups of fourth-grade ELL s
andtheir teachers, including perspectivesof inquiry with teachers
who shared their students' languages and cultures and features of
materials devel oped to integrate science and literacy instruction.
Next, we present student achievement results using the materials.
Finally, wediscusstheimportanceof materialsenablingall students
to learn science through inquiry.

I ntroduction

Reform emphasi zing high academic standards and equity for all students
has been under way for more than a decade (American Association for the
Advancement of Science [AAAS], 1989, 1993). “Science for al” is a key
principle guiding standards devel opment to ensure all students accessto science
(National Research Council [NRC], 1996). Students' engagement in science
inquiry iscentral inlearning science (NRC, 2000). According to the National
Science Education Sandards (NRC, 1996), “scientific inquiry is at the heart
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of science and sciencelearning” (p. 15) and “inquiry into authentic questions
generated from student experiencesisthe central strategy for teaching science”
(p. 31). Inquiry isa:

Multifaceted activity that involves making observations; posing
guestions; examining books and other sources of information to see
what is aready known, planning investigations; reviewing what is
already knowninlight of experimental evidence; usingtool stogather,
analyze, and interpret data; proposing answers, explanations, and
predictions; and communicating the results. (NRC, 1996, p. 23)

In making science accessible for all students, the National Science
Foundation, or NSF (1998), emphasizes “culturally and gender relevant
curriculum materials’ that recognize “ cultural perspectivesand contributions
so that, through example and instruction, the contributions of all groups to
sciencewill be understood and valued” (p. 29). In spite of effortsto increase
students’ opportunitiestolearn science, the promise of “ sciencefor al” remains
illusive. The gap in science achievement between mainstream and non-English
language background (NELB) students continues, particularly for those
learning English as a new language (English Language Learners, or ELLS)
(National Center for Educational Statistics[NCES], 1997a; Rodriguez, 1997).
Research-based curricula focusing on science inquiry with diverse learners
have yet to be developed (Lynch, 2000).

Even though the Sandards indicate the need for literacy in “writing,
labeling drawings, completing concept maps, developing spreadsheets, and
designing computer graphics’ (p. 144), they do not explicitly address the
relationship of literacy and science learning (Yore, Holliday, & Alverman,
1994). The growing national focuson literacy (Reading Excellence Act, 1998)
makes integrating literacy and science an innovation addressing widely
established priorities. For ELLS, such a relationship is central to learning
science. In addition to lacking afocus on literacy development, most science
materials do not seriously consider issues of equity or the instructional needs
of ELLs(Lee, 1999; Lynch, 2000). Studentsidentified as* English proficient”
may still be acquiring the discourse and interaction patterns of their mainstream
English-proficient peers. For this reason, we use a broad definition of ELLs
that includes students from non-English language backgrounds whose
communication differs from the mainstream (Waggoner, 1993).

In addressing learner needs, littleis known about theimpact of teachers’
perspectives of inquiry on students' engagement in science (Fradd & Lee,
1999; Gee, 1997). A majority of teachersworking with ELL sbelievethey are
not adequately prepared to meet their students’ learning needs, particularly in
academically demanding subjects, such asscience and literacy (NCES, 1999b).
Although recent studiesindicate that teachers' culturally-based perspectives
of science influence their instructional approaches (McGinnis, Kramer,
Watanabe, 1998; McGinnis & Simmons, 1998), little research exists on the
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instructional approaches of teachersfrom non-English language backgrounds.
Teachers can bring important insights for promoting academic learning (Au
& Kawakimi, 1994; Cochran-Smith & Lytle, 1999; Trueba & Wright, 1992),
even when their perspectives differ from those of the mainstream (Delgado-
Gaitan, 1993). Such differences suggest areas for expanding the current
knowledge base to include ELL sin learning science.

Although little research exists on science curriculum at the elementary
level, a recent evaluation of middle school science curricula found most
materials covered too many subjects, included irrelevant classroom activities,
and failed to devel op important concepts (Bradley, 1999). In contrast, effective
materials provided students with a sense of purpose about science, engaged
them with relevant scientific phenomena, promoted the use of scientific ideas
and terms, and encouraged students to examine their own understandings of
science. In addition, effective instruction progressed in a sequential manner,
using lessons as building blocks to integrate and expand on developing
concepts. This evaluation found only one instructional unit that contained
these features (Bradley, 1999).

In encouraging the devel opment of instructional materialsfor ELLS, this
paper highlights teachers' perspectives of science inquiry as we discuss
materials development in three research projects. First, we describe the
research with groups of ELLs and their teachers, including perspectives of
inquiry with teachers who shared their students' languages and cultures and
features of materials devel oped to integrate science and literacy instruction.
Next, we present student achievement results using the materials. Finally, we
discuss the importance of materialsin promoting science through inquiry.

Evolution of Science Materials for ELLS

Breaking the cycle of low academic performance so that all students can
participate in science requires consideration of the students, their teachers,
and the resources and support both require to successfully engage in science.
In this section we discuss the evol ution of materialsin three research projects
funded by the National Science Foundation from 1992 through 2000: (a) a
Small Grant for Exploratory Research (SGER); (b) the ‘Promise’ Project;
and (c) the * Science for All’ Project. Although materials development was
not a focus, the projects’ implementation necessitated that materials be
devel oped.

The SGER Project

The SGER research examined the interrel ationship of language, science,
and cognitive strategies, as students engaged in science activitiesin controlled
settings outside the classroom. Dyads of fourth-grade students composed of
the following three ethnolinguistic groups: bilingual Hispanic and Haitian,
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and mainstream U.S. English. Bilingual teachers were matched with student
dyads of the same language and gender (e.g., aHispanic femal e teacher with
two Hispanic girls). We observed similarities and differences in students’
language devel opment, science knowledge, and cognitive strategy use (Fradd
& Lee, 1995; Lee & Fradd, 1996a, 1996b; Lee, Fradd, & Sutman, 1995).
Analysisof interactionsreveal ed patterns uniqueto each group and highlighted
the importance of cultural congruence (Au & Kawakimi, 1994; Trueba &
Wright, 1992), where ethnolinguistically congruent communication between
teachers and students facilitated engagement (Lee & Fradd, 1996a, 1996b).
Materials development included hands-on activities, elicitation protocolsfor
determining students’ perceptions and knowledge of science, and scoring
rubricsfor oral and written language samples.

The Promise Project

Based on SGER findings, the Promise Project promoted science learning
with fourth-grade students and teachers from the same three ethnolinguistic
groups. We developed two instructional units, “The Water Cycle” and
“Weather,” and assessment instruments for the units (Lee & Fradd, 1999,
1999b). The units consisted of 10 and 15 lessons, respectively, requiring
approximately 2—-3 hours of hands-on activities and discussion per lesson. To
support student learning, we a so devel oped Hyperstudio computer simulations
paralleling hands-on activities (Bush, Fradd, & Lee, 1997a, 1997b).

Throughout the three-year research period we worked in four inner-city
schools with “focus’ teachers who shared their students’ languages and
cultures. We incorporated insights from these teachers to promote culturally
congruent instruction. During the third year (Y 3), we included all fourth-
grade teachers in the four schools. Our awareness of the strengths and
limitations of cultural congruence led us to conceptualize instructional
congruence as a process for integrating the nature of science with students’
language and cultural experiences (Lee & Fradd, 2001; Lee & Fradd, 1998;
Fradd & Lee, 2001). In addition to examining changesin teachers’ practices,
we considered their insights of science inquiry in developing an explicit-to-
exploratory inquiry continuum (Fradd & Lee, 1999). Initialy, teachersinsisted
on explicit instruction to promote student engagement. Because we were
building on the strengths of teachers and students with shared languages and
cultures, we did not direct the teachers in how to teach. We did encourage
them to consider activities that gradually transitioned toward exploration as
students gained experience in inquiry.

Concerns teachers expressed in implementing science inquiry highlight
discrepancies between their views and expectations for standards-based
instruction (AAAS, 1989, 1993; NRC, 1996). Analysis of teacher interviews
from two Hispanic-dominant schools are presented here in three themes: (@)
teachers as nurturers and caregivers; (b) teachers as representatives and
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advocates of their students; and (c) teachers as learners with their students.
Thefirst two themesreflect established perspectives, whereasthethird reveals
on-going change asteachers gained knowledge and skill in promoting science
inquiry with their students.

Teachers as nurturers and caregivers

Initially, theteachersviewed inquiry asan “all or none”’ pedagogy where,
according to several teachers, “ students muck around until they figure science
out ontheir own.” Although their opposition derived from amisunderstanding
of inquiry (NRC, 2000), this discrepancy influenced the teachers’ approach
to science instruction. The teachers maintained structured classrooms and
were aware of difficulties that could arise if students were given tasks about
which they had limited understanding, and over which teachers exercised
limited control. Because the teachers wanted their students to achieve, they
sought approaches that ensured success as defined by district and state tests
(Fradd & Lee, 2001).

The teachers’ positive affect created warm, friendly classroom
environments where students were comfortable trying new activities. These
environments were places where engaging in inquiry gradually became a
natural way of interacting for al students (Pearce, 1998). An example of
classroom organization illustrates how teachers promoted student participation.
At thebeginning of class, theteachers made certain everyone had instructional
materials and supplies as they ensured no one was left out. To foster
collaboration and comprehension, teachers often encouraged more proficient
studentsto work with those beginning to learn English. As studentsinteracted
in small groups, teachers orchestrated the classes to support full student
participation, frequently scanning the room to assist students experiencing
difficulty. At the beginning and conclusion of each lesson, teachers engaged
students in reviewing content, linking concepts, and summarizing big ideas.
In these and many other ways, the teachers acted as nurturers and caregivers
concerned with their students’ well-being and academic achievement.

Although nurturing was an important aspect of theinstructional process,
for studentswith littleliteracy development, theteachers’ approach sometimes
limited learning opportunities. In spite of the specially developed instructional
units to reduce language demands, rather than viewing written texts as
opportunitiesto promote literacy, teachers frequently read materials out loud
and then explained them to the students. When asked about their roles in
teaching science, one teacher summarized her concern for students’ affective
needs: “These children are young—babies. We have to take care of them,
make sure they feel good about themselves before we ask them to do things
that frustrate them.” Another commented: “ Our students have many frustrations
just learning English. You can’t expect them to jump into inquiry on their
own until they’ re ready.”
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As instruction progressed, the teachers became enthusiastic about their
students’ engagement with the hands-on activities. The teachers also valued
the integrated manner in which each lesson incorporated knowledge from
previous lessons. Oneteacher summarized her view of scienceinstruction as
a positive, nurturing experience: “I never used to like science, or want to
teach it. When | see the students enjoying science, | actually look forward to
teaching it. | realize what we are doing is good for them. They love science.
That makes me feel great.”

Teachers as advocates and representatives of students’ cultures

Although they were unfamiliar with the concept of cultural congruence
(Au & Kawakimi, 1994; Trueba & Wright, 1992), the Promise teachers and
studentsdemonstrated the congruent discourse and i nteraction patterns observed
inthe SGER study. The teachers usually understood their students, interpreted
what the students meant, and knew how to support on-going communication.?
Frequently theteachersand studentsinteracted inlong, meaningful conversations
(Tharp & Gallimore, 1988). Often, they used humor to emphasize points and
remind students of important ideas (Westby, Dezale, Fradd, & Lee, 1999).
Sometimes, rather than encouraging students to provide their own ideas, the
teachers told them what to do. Instead of eliciting students’ explanations, the
teachersanswered their own questions. When probed about their actions, teachers
emphasized the need to build students' knowledge of science.

Initialy, the teachers presented aview of “letting children be children,”
rather than encouraging them to act like adults or “little scientists.” Because
they associated science with an adult world where people acted asindividual
agents and children were not adults, the teachers did not view inquiry as a
child-oriented pedagogy. For these teachers, collaboration through sharing
and working as a group was more important than independent performance.
As one teacher explained:

Remember, many of us come from backgrounds where science was not
taught. In our children’s homes inquiry may not be an acceptable way of
learning because families don’t want children asking questions, debating, or
challenging authority. Children are expected to learn by watching.

As teachers reflected on the inquiry process, they grappled with
discrepancies between their understanding of the Sandards and their
instructional approaches. They noted, for example, students' reluctance to
ask questions as a culturally-oriented deference to authority. In reconciling
these discrepancies, ateacher reasoned:

Our students see us astheir parents. They want usto tell them what to do.
If we don't, they think we don't like them. If | tell them to go find out by
themselves, they become frustrated. They need to be shown. That's my
responsibility. But if | tell them what to do, then they are not really doing
inquiry, are they?
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One of the most powerful examples of teachers' commitment to full
student participation occurred through construction of discourse to which
students contributed. Frequently, teachers would conclude alesson summary
by initially asking questions that could be answered with single words and
short phrases. Next, they would dlicit more el aborated sentenceslinking student
responses. These elaborations evoked brief paragraphs from some of the
students. The paragraphs evolved into summaries by multiple students. For
beginning EL Ls, such activities provided opportunitiesto contributeto valued
interactions. These communication events afforded studentsat all proficiency
levels models of academic discourse in which everyone listened,
comprehended, and learned. For more advanced EL L s these were occasions
to extend and integrate science knowledge. Through these and many other
ways, the teachers revealed themselves as advocates and representatives of
their students’ languages and cultures.

Teachers as learners with their students

The teachers engaged in inquiry as learners and explorers with their
students. Over time, the teachers became aware of changes in their own
thinking. Some talked about the importance of preparing students to be on
par with age peers and embraced inquiry as a means to enhance learning
opportunities. One teacher noted:

| have never worked with any other group of students. Thesearetheonly
students | know. Until | started working with you, | had not been aware that |
was acting in a particular way. | only did what | thought was right for my
students. It's important that they fit into the larger society, to be successful
academically and socially. | will do whatever | can to ensure their success.

Theteachers' willingnessto grow became apparent in their interactions
with the research and in the journal s some kept to reflect on their instruction.
Thefollowing quotation from ateacher’sjournal illustratesimportant insights:

In the lesson on humidity, | wanted to really promote inquiry while
making certainthat the studentsunderstood thelesson. Wewent over
what humidity is, that it's water vapor in the air. We discussed the
humidity measurementsin the newspaper. Then, wewent outside to
measure humidity at different places. Students observed that it was
more humid under the trees in the shade than in the sun. For some
students, thiswasvery confusing. Their train of thought went something
likethis, “ Since humidity iswater vapor intheair and water vapor is
caused by evaporation, whichiscaused by heat, then there should be
morehumidity whereitishotter, likewheredirect sun hits, not where
thereislittledirect sun, asintheshade.” | asked the students how we
could get more information about this discrepancy. We decided to
measurethe humidity every day for five daysat the samelocationsto
seeif there wasreally a pattern of humidity difference. There was!
Now we haveto figure out why.
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Teachersalso sought waysto integrate sciencewith literacy in constructing
new knowledge. Here, ateacher linked inquiry with students’ insights gained
on afield trip and through the literature they were reading. In addition to
illustrating the teacher’s commitment to meaning-making, the example
highlights an effort to integrate literacy and inquiry:

Inlanguagearts, wearereading The Missing Gator of Gumbo Limbo.?
After reading achapter, wegot inadiscussion about the canopy inthe
hammocks(whichthey know about fromafieldtripwewent ontothe
Everglades). They were ableto relate the canopy effect [of thetrees]
to the pattern we saw of more humidity inthe shade. | think thisisas
closeasl|’vegottentoinquiry. Itisvery timeconsuming. Asateacher,
| wasnot in control. The questionskept coming at meand sometimes
| wasn't sureof theanswers. | hadtobuildadifferentway of interacting
with the students. | wanted them to seethat | was|earning with them.
| didn’t know the answers either. Thisisahard thing for teachersto
do. It's easier to control the questions if we know the answers. |
realized the students were much more involved in science this way.
Thisinteraction increased their natural curiosity. Mine too!

Theteachersrecognized theimportance of building their own knowledge
of science and inquiry. Here, a teacher reflects on the importance of a
knowledge base for guiding student learning while maintaining the delicate
balance between student initiative and teacher direction:

For the past week studentswereusing all theweather instrumentswe
haveintroduced. Their goal for the week wasto predict the weather
for next week. During theweek | observed the studentstalking more
scientifically. | was very impressed with their ability to use the
appropriateterminology. | triedtoavoid any directinstructionand|l et
them cometomewiththeir questions. | noticedthestudents' excitement
indoing weather reports. | observed thedifferent kindsof chartsthey
made to collect the weather information and report it. | really could
seewhy peopleare so hyped about inquiry. The students’ excitement
of having ownership was reason to allow them more control. They
werereally into it.

However, whenthey got to actually makingtheir ownweather reports,
| found the students’ performance disappointing. They showed little
ability to make predictions. They could report what happened, but
they couldn’t relateit to what might happen next. | think | waswrong
in emphasizing prediction as strongly as | did with the weather
measurement. | also think | should have done more direct teaching.
| believe that students at this stage in their learning need alot more
help. They may liketo doinquiry, but | keep coming back to the same
guestion: Arethey really learning anything, or are they just fooling
around? | could have really helped them understand, know how to
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organizetheir work, and rel ate what they were doing to thetasksthey
were expected to do. | think these students just haven't had enough
experiences with science, with collecting information and making
predictions, to be able to do inquiry the way the standards indicate
they should. Looking back, | think | should have been more directly
involved in leading them through the activities, rather than letting
them take the lead in doing it on their own.

Encouraging teachersto provide culturally and linguistically appropriate
instruction offered extended opportunitiesfor observing how materials might
be enhanced to support student engagement. Through these observations we
also recognized the important role instructional materials played in science
achievement. Aswe contempl ated discrepancies between the Promise materials
and teachers' instructional approacheswith the Sandards, we recognized the
need for additional modifications. We sought to address tensions between
culturally congruent instruction and instruction aligned with the Sandards.
Some areas, such as students' knowledge of science, could be enhanced by
integrating science and literacy instruction, whereas others, such asfostering
worldviews congruent with open inquiry, would require extended engagement
with science. These insights led to the development of “ Sciencefor All,” the
third research project.

The Science for All Project

Science for All (SFA) promoted science inquiry with all fourth-grade
students in seven inner-city and suburban elementary schools, 30 teachers,
and approximately 900 students a year for three years. The SFA teachers
included many from the Promise Project who continued promoting science
inquiry with their students. All materials were reviewed and revised by the
teachers in collaboration with scientists, science educators, and consultants
representing the students’ languagesand cultures(Lee & Fradd, 1999a, 1999b).
We developed Macromedia computer simulations of selected hands-on
activities (Oliver, Fradd, & Lee, 1999a, 1999b).

According to the Sandards (NRC, 1996), “Students will engage in
selected aspects of inquiry as they learn the scientific way of knowing the
natural world, but they also should devel op the capacity to conduct complete
inquiries’ (p. 23). The document also states, “Although the Sandards
emphasize inquiry, this should not be interpreted as recommending a single
approach to science teaching. Teachers should use different strategies to
devel op the knowledge, understandings, and abilities described in the content
standards’ (NRC, 1996, p. 23). In SFA, we promoted inquiry through a
continuum of experiences beginning with scaffolded explicit instruction and
moving to student-initiated inquiry. Revisions of the previously developed
units offered greater support for literacy instruction, including the use of
English to Speakers of Other Languages (ESOL) strategies to promote
comprehension and participation. Since thisresearch involved teachers who
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Figure 1a. Initial science inquiry matrix indicating levels of student engagement

shared students' languages and cultures, and teachers who did not, the focus
wason enabling all teachersto meet students’ |earning needs. Specific features
of the units are discussed next.

The inquiry continuum

If learning to engage ininquiry is seen as occurring along a continuum,
without intervention, students accustomed to being told and shown may remain
at the explicit end of the continuum. A combination of teacher and materials
support can facilitate students' progression along the continuum toward more
open-ended inquiry.

An initial continuum matrix: Although our initial conceptualization of
the ‘Science Inquiry Matrix’ (Figure 1a) (Sutman et al., 1997) was more
theoretical than practical, it provided a starting point for discussing and
observing theinquiry process. Our first matrix focused oninquiry in six areas:
guestioning, planning, implementing, concluding, reporting, and applying
(horizontal) in eight stages, 0 to 7 (vertical). This initial matrix served the
important purpose of enabling teachersto recognize how inquiry could occur
in stages and encouraged them to consider inquiry as a process requiring
levels of guidance, rather than an “all or none” pedagogy (NRC, 2000).
Through this realization, teachers began to evaluate their own efforts in
engaging studentsin inquiry.

Inquiry | Questioning | Planning | Implementing Concluding Reporting | Applying
Levels Carry out plan | Analyze | Draw
Record data conclusion
0 | Teacher Teacher | Teacher Teacher | Teacher Teacher Teacher
1 | Teacher Teacher | Teacher Teacher | Teacher Teacher | Students
2 | Teacher Teacher | Teacher Teacher | Teacher Students | Students
3 | Teacher Teacher | Teacher Teacher [ Students Students | Students
4 | Teacher Teacher | Teacher Students | Students Students | Students
5 | Teacher Teacher | Students Students | Students Students | Students
6 | Teacher Students | Students Students | Students Students | Students
7 | Studerts Students | Students Students | Students Students | Studerts
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The revised matrix: Classroom observations reveal ed that some areas of
inquiry, such as implementing activities and reporting results, more easily
involved students. Others, such as questioning and applying findings, required
more experience. For students socialized not to ask questions, posing questions
for inquiry presented a challenge (McKinley, Waiti, & Bell, 1992; Ogunniyi,
1988; Prophet & Rowell, 1993). Asthe teachers began to promote more open
inquiry, we encouraged them to create a continuum reflecting the reality of
their practice. The revised version (Figure 1b) illustrates how multiple
components of inquiry, such asimplementing, recording, and reporting, could
beintegrated simultaneously. Other components, such as planning and drawing
conclusions, might be more appropriately carried out through a combination
of teacher-guided instruction and student initiative. Learning to do inquiry
became a balance of teacher guidance and student initiative with teachers
making the decisions about when and how to foster student responsibility.

Figure 1b. Modified science inquiry matrix showing transition toward open inquiry

Inquiry | Questioning [ Planning | Implementing Concluding Reporting | Applying
Levels
Carry out plan | Analyze | Draw
Record data conclusion
0 Teacher Teacher | Teacher Teacher | Teacher Teacher Teacher
1 | Teacher Teacher | Students/ Teacher | Teacher Students | Teacher
Teacher
2 | Teacher Teacher | Students Students/ | Students’ | Students | Teacher
Teacher | Teacher
3 Teacher Students | Students Students | Students Students | Students
Teacher
4 | Students Students | Students Students | Students Students | Students
Teacher
5 | Students Students | Students Students | Students Students | Students

Scaffolding to promote inquiry

The Sandards are clear that supporting students’ progressin learning to
engage ininquiry isimportant but “ should not be interpreted as advocating a
‘scientific method'” (NRC, 1996, p. 144). Although some advocates of more
open inquiry would argue against a framework for organizing and planning
inquiry, we found it an important initial step for teachers and students. Like
the continuum described above, the Science Inquiry Planning Framework
evolved in stages and underwent several modifications.
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Theinitial planning framework: The purpose of the planning framework
wasto maketheinquiry process comprehensible, as scaffolding to be reduced,
as the students internalized the process and accepted responsibility for their
own learning. Classroom observations of teachers and studentsusing theinitial
framework (Table 1a) revealed the literacy requirements for initial version
were too complex for ELLSs.

Table 1a
Science Inquiry Planning Framework

1. Poseaquestion
(a) What do you want to know?
2. Makeaplanto answer the question
(a) Decidewhat you want to do to find out the answer to the
question.
(b) Decide what materials you need.
(c) Decide how to record the information.
(d) Decide how to analyze the information.
(e) Decide how to report the findings.
3. Carry out the plan
(a) Make sure you have the materials.
(b) Make sure you know and follow the procedures of your
plan.
4. Record and analyze the information
(a) Make sure that your recordings are accurate.
(b) Decide what the information means.
5. Report and share the findings
(a) Consider multiple representations to report your
information, such as graphs, tables, drawings, diagrams,
oral presentation, and written work.
(b) Answer your question.
(c) Draw conclusions about your inquiry activity.
(d) Compare your findings with others.
6. Further considerations
(a) After completing the inquiry activity, learn about the
science content related to the activity.
7. Extension activity
(a) After answering the question in each activity, propose
other questions that you want to know more about.
(b) Make aplan and carry out the plan to find an answer to
your question.
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The modified planning framework: Students’ drawingsand use of iconic

representations provided insights for modifying the planning framework. In
the revised version (Table 1b), icons serve as points of reference, assisting
students in thinking about and organizing their own inquiry. The icons also
encourage the use of graphic representationsin communicating science.

Table 1b

Science Inquiry Planning Framework.

L anguage Function Icons Science Inquiry Planning Framework

1.

Questioning

Planning

Implementing

Concluding

Reporting

(a) Pose a question
What do you want to know?

(b) Make a hypothesis
What do you think the answer to your question is?
Can you explain your thinking?

(8) Make aplan by answering these questions
(think, talk, write)

What steps or procedures will you take to
collect the information?
What materials will you need?
How will you record the information?
How will you analyze the information?
How will you report the findings?

(a) Follow your plan
Gather the materials.
Carry out your plan.
Observetheresults.
Record the information accurately.

(a) Classify, interpret, and analyze the data
Decide what the information means.
(b) Draw aconclusion
Iswhat happened what you expected?
Was your hypothesis correct?

(8) Share your results (informal)

What do you want to tell others about the activity?
(b) Produce areport (formal)

Record what you did so others can learn.

Consider different ways to express your information.
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Literacy and language devel opment through science

In addition to enabling studentsto represent their ideasin multiple ways,
literacy promotes strategic competencein using languageto inquire, problem-
solve, and extend communi cation beyond theimmediate environment (Calfee,
1994; Westby et al., 1999). Becoming literate necessitates a discourse shift
from communicating at a personal, concrete level to using a variety of
representational forms to express both concrete and abstract understandings
(Scallon & Scallon, 1981). Although literacy is central to science learning,
the power of this relationship does not appear in most science instruction
(Yore et al., 1994). Unless instruction includes an explicit focus on literacy
development, ELLs are often excluded (Westby et a., 1999). In this section
we discuss innovations to materials required to foster literacy for science
inquiry.

Language functions: With regard to literacy development, language
functions refer to the ways that language is used to achieve a variety of
outcomes (Tough, 1986). Similarly, in scienceinstruction language functions
can be equated with science process skills (Casteel & Isom, 1994). The
headings on the “ Science Inquiry Planning Framework” exemplify some of
thesefunctionsused ininquiry (Table 2b). Becauselanguageisused differently
in diverse cultures, some ELLs may not have devel oped the skills or cultural
knowledge to use the variety of language functions required to communicate
in science inquiry. In the SFA materials, each lesson emphasized a specific
language function, such as describing, reporting, or explaining, and provided
corresponding developmental activities to promote practice in meaningful
contexts.

Vocabulary development: As students' knowledge of science increased,
their vocabulary became more precise and specific. In discussing the lesson
features that contributed to effective instruction, teachers were clear about
the importance of identifying the vocabulary to be used. Teachersfound that
students required explicit instruction in combination with contextualized
vocabulary useto integrate new terminology into their communication (Garcia,
1994; Gersten & Baker, 2000). The SFA vocabulary did not occur as long
lists of scientific terms, but as key words to facilitate comprehension. In
addition to vocabulary in English, the teachers requested comparable terms
in Haitian Creole and Spanish.

Multiple representational formats: A focus on the use of multiple
representational formats became an important feature. Providing ELLswith
opportunitiesto communicate sciencethrough drawings, charts, tables, graphs,
and computer-devel oped simulations reduced the language load required to
participate. The use of icons, graphics, and drawings promoted a focus on
communication for understanding, rather than to convey correct answers
(DiSessa, Hammer, Sherin, & Kolpakowski, 1991).
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Expository and narrative texts: Comprehension and production of
narrative and expository textsisan important facet of literacy developmentin
the intermediate grades (Ruddell & Ruddell, 1994; Westby, 1985). The
availability of narrative and expository texts afforded opportunitiesto compare
and contrast the features of both genre as studentsrecontextualized their science
experiences. Students' stories of their science activities at home and their
shared experiences at school provided insights for linking science with real
world events. Teachers found that the stories made science meaningful and
relevant, and they used expository passagesfor summarizing, reviewing, and
expanding science content.

In summary, despite contextualized learning through hands-on activities,
the benefits of scienceinquiry for ELLsmay be limited without aconcomitant
focuson literacy development. In SFA weintegrated scienceinquiry with literacy
development toinclude: (a) an explicit-to-exploratory continuum for promoting
science inquiry, (b) scaffolding to make the inquiry process explicit and
accessible, and (€) specific componentsintegrating literacy with sciencelearning.
Science provides an important venue for content-based literacy devel opment.
Integrating the two areas reduces the competition for instructional time while
extending opportunities to promote meaningful engagement and purposeful,
authentic communication (NCES, 1997b; NRC, 2000).

Findings: Student Performance Using the Science M aterials

Evaluation of the effectiveness of instructional material s can occur through
classroom practices and through student outcomes. Students and teachers must
be comfortable using the materials, understand their purposes, know how to
engagein the activities, and acquire the knowl edge and understandings which
the materials were designed to develop (AAAS, 1997). Students should also
demonstrate higher achievement as a result of using the materials (AAAS,
1993). This section provides asummary overview of student achievement in
the Promise Project and Science for All Project.

The Promise Project

The Promise Project focused on promoting students' communication of
science knowledge. Assessment included pre/post unit science tests and pre/
post elicitations of randomly selected dyads. Paper-and-pencil tests werethe
major source of group achievement information.

During Year Two (Y 2), only the focus teachers used the units, while the
non-focusteachersused district-mandated curriculaincluding the same content
and objectives. As might be expected, in Y2 there was an achievement
difference of 20 points between the studentsin the focus (M = 47.6) and non-
focus (M = 27.7) classrooms. During Y 3, when all of the teachers used the
Promise Project units, achievement scoresin focus (M = 60.0) and non-focus
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classrooms (M = 57.2) were comparabl e and exceeded Y 2 focus classrooms
(M = 47.6) (p < .001) (Fradd & Lee, 2001; Fradd, Lee, Cabrera, del Rio,
Leth, Morin, Ceballos, Santalla, Cross, & Mathieu, 1997). Science
achievement by teacher group (focus and non-focus) during Y2 and Y3 is
summarized in Table 2.

Table 2

Hispanic* Student Achievement on Two Unit Tests in Classes of Focus
and Non-Focus Hispanic Teachers, Years 2 and 3

Year Groups n Pre Post t p

M SD M SD

Y2 | Focus 140 20.16| 8.89| 47.65| 12.38| 27.33| .000***

Non-Focus 96| 2448 11.13| 27.71| 10.06| 3.55| .001**

Y3 | Focus 120| 24.04| 10.59 ( 60.00 | 15.50 | 28.83 | .000***

Non-Focus 174 2490 12.20| 57.28| 14.73| 31.09| .000***

*High teacher attrition prevented longitudinal data collection with the three
groups. Hispanic isthe only group for which three-year data are available.
**p<.01

***pn < .001 Maximum score: Matter, 69; Weather, 63; Combined, 132

The Science for All Project

Classroom observationsreveal ed that when teachersbecame familiar with
the materials, gained knowledge of science content, and recognized the value
of theinquiry process, they were better able to promote student engagement
in science inquiry. For all three ethnolinguistic groups, achievement data
included student performance on pre/post unit science tests, pre/post
elicitations of randomly selected dyads, and standardized state testsin reading
and writing. Assessment of “concepts’ was separated from “inquiry” to more
accurately observe changes in student performance.

Although Y 3dataarestill being analyzed, Y 2 student performancereveals
significant achievement gains (p <. 001) in both science conceptsand inquiry
for al three ethnolinguistic groups. Total scores aswell as subset scores for
concepts and inquiry indicate comparable growth in both areas. Classroom
observationsof students' engagement in scienceinquiry support thesefindings.
Student achievement by ethnolinguistic group is summarized in Table 3.
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Table 3
Achievement by Three Sudent Language Groups on Two Unit Tests, Year 2

Science | Student | Students Pre Post t p
Areas Groups | (classes)

M SD M SD

Concepts | Hispanic | 226 (12) | 16.17| 8.87| 38.18( 12.20| 31.54| .000***

Haitian 175 (13)| 10.88| 7.69( 26.70| 10.97 | 22.35| .000***

Engish | 101 (06)| 18.95| 8.32| 39.11| 11.51| 22.85| .000***

All 502* (31)| 14.90( 8.91( 34.41( 12.91| 42.95| .000***

[nquiry Hispanic | 226 (12)( 6.00| 5.96| 15.18| 7.07( 20.42| .000***

Haitian 175(13)| 510| 522 854| 6.98| 7.88| .000***

English 101 (06) | 8.85| 7.15( 18.20| 6.12| 15.76| .000***

All 502* (31)| 6.25| 6.12| 13.49| 7.81| 23.63| .000***

Total Hispanic | 226 (12) | 22.16 | 13.47| 53.36 | 17.50 | 31.73| .000***

Haitian 175 (13) [ 15.93| 11.62| 35.33| 16.38| 21.21| .000***

English 101 (06) | 27.84| 14.15( 57.31| 15.72| 25.45| .000***

All 502* (31) [ 21.15| 13.69| 47.93| 19.13 | 41.77| .000***

***p<.001 Maximum scores: Concepts, 86; Inquiry, 32; Total, 118

* This number includes students compl eting the pre- and post-tests for both
units and reflects mobility and attrition in the inner-city schools.

Note: Data have also been analyzed through repeated measures ANOVA and
the significance in magnitude of gain effects has been substantiated.

Discussion
This paper has described research to include students who have
traditionally not achieved well in science (NCES, 1997a, 1999b). Although
studentslearning English asanew language represent arapidly growing portion

of the school-age population (NCES, 1997a, 1999b), few materials address
their science learning needs (Lynch, 2000). Research suggests that many
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teachersrequire extended assistance with literacy and content areainstruction
to meet ELLS' learning needs (NCES, 1999a). In spite of inquiry’s central
role in the Sandards, little research has been conducted to determine the
curricular needs of ELLs with limited science experience. Building on the
insights of teachers who shared the languages and cultures of their students,
wegained insightsfor promoting scienceinquiry with specific groupsof ELLSs.

The achievement gains through the use of the materials developed in the
research projectsindicate theimportant role material s play in making science
accessible to all students. In the Promise Project, afocus on science content
produced important achievement gains (Table 1). Extending the focus to
include science knowledge and inquiry in the Science for All Project enabled
us to examine achievement in both areas (Table 2). Student anecdotal data,
classroom observations, and teacher and student interviews also contributed
to our understanding of ELLS needsin engaging in scienceinquiry.

Inquiry isafluid processthat growsin complexity as studentsand teachers
gain science knowledge and inquiry skills. Cultural and linguistic differences
can make inquiry challenging in ways that may not be apparent to the
mainstream science community (Rodriguez, 1997). Of particular importance
isaview of inquiry that acknowledgesteachers and students’ evolving skills
and abilitiesinengaging in scienceinquiry (NRC, 2000). For ELL swith limited
experience with science or inquiry, current conceptions of inquiry may also
reguire reconsideration.

In spite of the achievement gains of the students in our research, many
guestions persist about how to effectively support inquiry with ELLs. Although
we observed a movement from teacher-directed toward teacher-facilitated
approachesto inquiry as students gained in the knowledge and understandings
of science, the transition points and the instructional materials required to
move to open inquiry remain to be identified. Teacher insight in identifying
thesetransitionsis essential in creating the knowledge base and instructional
materials to make inquiry accessible. Enabling teachers to promote open
inquiry requiresknowledge of science, an understanding of theinquiry process,
and an ability to determine students’ strengths and learning needs.
Incorporation of these components in teacher preparation is essentia for
enabling EL L sto learn science through inquiry.

Of equal importance in developing instructional materialsisthe science
community’s perspective of theinstructional innovationsrequired to address
students’ needs. Collaboration among teachers, researchers, scientists, and
publishersisessential in ensuring that the materials meet the needs of students
and teachersaswell asthe expectations of the science community. In creating
“culturally and gender relevant curriculum materials” (NSF, 1998, p. 29),
consensus is needed about the contents of such materials aswell asthe ways
they might successfully be used.
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Developing consensus involves exploration of the commonalties and
differencesin perceptions of the stakeholdersresponsiblefor ensuring inquiry
as “the heart of science and science learning” (NRC, 1996, p. 15). In this
endeavor, teacherswho share the languages and cultures of their students can
provide important insights (Cochran-Smith & Lytle, 1999; Delgado-Gaitan,
1993). Toward that outcome, we suggest aresearch agendathat: (a) considers
teachers’ perspectives in promoting science inquiry with students learning
English; (b) devel ops science curriculaintegrating literacy development with
sciencelearning; and (c) seeksinnovation to reduce the barriersto theinquiry
process. Inherent inthisagendaisthe goal of making learning sciencethrough
inquiry apriority for all students and their science teachers.
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Endnotes

1 When we began the Promise Project, bilingual instruction was not an option in the
participating schools. Teachers growing awareness of the importance of students
languages and cultures led them to become advocates of bilingual instruction. Since
then, dual language programs have become an integral in one school and are under
consideration at the others.

2 George, J. C. (1992). The missing ‘gator of Gumbo Limbo: An ecological mystery.
New York: HarperCollins.
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