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ABSTRACT

The number of diverse students within the American school system Is growing vastly. Researchers predict
that "language minority students" will comprise over 40 percent of elementary and secondary students by 2030
(Thomas. Collier, & National Clearinghouse for Bilingual Education, 1997). English language learners are the fast-
est-growing learner population, with 60% within the last 15years (Breiseth, 2015). However, the school setting does
not adequately serve the needs of diverse students and. more so, those that are Culturally and Linguistically Diverse
(CLO), such as ELLs. This study intends to examine how science teachers are creating equitable learning spaces and
experiences within their classrooms for English Language learners and other diverse learners. The main research
question that was studied is 'In what ways do science teachers conceptualize equitable learning spaces and experi-
ences within their classrooms for diverse language learners?'. The research question was examined through Inter-
views and focus groups. The significant findings of this study are that teachers play an essential role In creating equi-
table learning environments. It is challenging and complex for teachers to build these environments for students
without the support of equity-focused professional development. Teachers can develop their pedagogical design to

exceed Banks' (1998} multicultural approaches past level two through equity-focused professional development.



Students are essential, their backgrounds are Important. and their cultural differences are an asset to their learning. In
the classroom, students should not feel like the inaccessible curriculum is penalizing them because of their cultural
background. We cannot change our backgrounds or ethnicities, and they should not be held against us, especially in

schools
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1 THE PROBLEM
Background of English Language Learners

An English language learner (ELL) is the term used to describe students between the ages
of three and twenty-one and have limited English proficiency. Title VII of Improving America's
School Act of 1994 states that a student who has a limited English proficiency has a significant
difficulty reading, writing, and comprehending English. This limited English proficiency can al-
low a student not to participate in classroom environments where instruction is delivered solely
in English (Rhodes, Ochoa, & Ortiz, 2005). English language learners are also students from
non-English speaking homes, and scholars refer to this as a primary home language other than
English (PHLOTE). Most ELL students will take five to seven years to develop a command over
the English language, with usually a social command first. (Collier, 1989: Cummins, 1981). Eg-
uitable learning environments that provide access to the curriculum are needed for ELLS to de-
velop the academic language needed to perform in schools.

Factors such as limited English proficiency and rushed learning of academic English in
schools pose a need for classroom instruction to be modified to fit the needs of English language
learners, thus creating an equitable learning space. According to Anth (2019), there are four pri-
mary levels of English language proficiency. These levels are newcomer/limited English, limited
to moderate English, moderate English, and moderate to reaching English proficiency. The four
levels of English proficiency have different supports to help ELLs become successful in the
classroom. These levels have to be adapted based on the different curriculum. Examples for level
one includes things like using pictures, working with manipulative, and providing translators.

Level four, the highest level, includes supports such as pre-created outlines and not penalizing



students for spelling. Supports referred to previously are necessary for teachers to create equita-
ble learning spaces so that ELLs can access the content. These supports are not capable of being
fulfilled without highly qualified teacher facilitators, and the support of other policy-making
stakeholders in education, such as administrators and superintendents.

As reported by the National Center for Education Statistics, English Language Learners
make up about 10.1% of public-school students in the United States. The percentage of 10.1 rep-
resents about 5 million students within our school systems. Within the state of Georgia, the aver-
age is 6.1% or about 110,000 students. Georgia school districts with more than 1,500 ELL stu-
dents were found mostly in the metro Atlanta area, and the most common language spoken
among ELLs is Spanish, according to the Migration Policy Institute in 2018 (Sugarman & Geary,
2018). The growth rate of the foreign-born population in Georgia has grown considerably at 233
percent between 1990 and 2000, but recently between the years 2000 and 2016 slowed down to
80%. However, there are about 21% of school-age children that have one or more foreign-born
parents. So how are school systems within Georgia identifying ELL students, and what are they
doing to accommodate them?

In Georgia, when students arrive at a new school, their PHLOTE has to be identified, and
then the student has to be screened for eligibility for language assistance. The student is screened
by their parents or legal guardians, completing a home language survey. This survey has ques-
tions such as "Which language does your child best understand and speak?" and "Which lan-
guage does your child most frequently speak at home?". The next step would be for the student
to use World-class Instructional Design and Assessments (WIDA). WIDA is a group of assess-
ments that place students on different academic levels for public schools in Georgia. Georgia is a

part of the WIDA consortium, which includes 39 other states. The WIDA consortium developed



English language development standards and language proficiency tests aligned with those
standards. The five WIDA English Language Development (ELD) standards are broad overarch-
ing standards. Their purpose is to successfully be integrated into the Georgia Standards of Excel-
lence (GSES) in the core content areas to facilitate a space where students can reach academic
achievement. For science, the English Development standard for WIDA is for students to com-
municate information, ideas, and concepts necessary for academic success in science. WIDA is
also responsible for the ACCESS for ELLSs tests, which are given annually to all English Lan-
guage Learners in Georgia to measure their progress in English. The WIDA assessments under-
stand that students who are culturally and linguistically diverse bring a unique set of cultural as-
sets that enrich all learners' and educators' experiences. They want to help educators focus on
what ELLs can do to contribute to their classroom learning environment (Wisconsin Center for
Education Research, 2020). Although WIDA understands the worth and has worked to bring the
diverse richness cultures into the classroom learning environments, the classroom learning envi-
ronments are often not equitably welcoming to the richness of the cultures within science class-
rooms.

English language along with other diverse language learners do not have equitable access
to teachers and classroom learning environments highly qualified to teach them. The inequitable
access does not mean that teachers do not want to be able to provide equitable learning spaces;
they might not have the pedagogical tools to do so. According to the National Academy of Sci-
ences, Engineering, and Medicine (NASEM) (2018), schools need to re-evaluate English lan-
guage learner instruction to ensure that students receive high-quality instruction and how ELLs

are positioned in the science classroom. Schools should review the qualifications of potential



new ELL teachers hired and the professional development offered to teachers. To teach ELL stu-
dents, teachers are required to complete and ESOL Endorsement course. These courses could be
completed at a college, university, or within a school district. According to Brenau University,
ESOL endorsement courses include classes such as foundations & cultural issues for teaching
ESOL, language acquisition & development for teaching ESOL, and methods & materials for
teaching ESOL. Other schools such as Kennesaw State University and Georgia State University
have students take Applied linguistic courses and have students do field experiences. Teachers
participating and engaging in endorsement courses are an excellent way to start ESOL teachers
on their learning journey of teaching ESOL students. However, further support remains neces-
sary to maintain highly qualified ESOL teachers in the classroom for extended careers.

When ELL students do not have highly qualified teachers that engage students with high-
quality instruction, English language learners (ELLS) are not given adequate access to science
content in science classrooms. The Georgia Standards of Excellence for Science (Georgia De-
partment of Education, 2015) are based on the Next Generation Science Standards (the NGSS
Lead States, 2013). Georgia adopted standards that are three dimensional, which focus on inte-
grating content with science and engineering practices and crosscutting concepts. The GSEs are
more rigorous and move away from rote learning that requires students to define and recall and
evolves to instruction that engages students in constructing arguments, using scientific models to
explain phenomena, and grow their ability to obtain, evaluate, and communicate, the practice
that grounds each standard. Another critical component to the GSEs is anchoring learning in ex-
ploring and explaining phenomena from the natural world. Using science to explain a natural
phenomenon is a way to make thinking visible so that students can make sense of science con-

cepts in relation to their lives. The last highlight about the GSEs relevant to this study is how the



GSEs need to support diverse learning populations such as ELLs and how to make science acces-
sible or all students.

Research suggests there needs to be a shift in how the assets that ELLs bring into the
classroom, and the understanding that some deficits in student performance are because of the
lack of access to the curriculum and not from the limited ability (NASEM, 2018). According to
Merriam-Webster (2020), access is the right or opportunity to benefit from something. When
students such as ELLs are not given adequate access to science content, this limits the creation of
equitable learning spaces, and the benefits students receive. According to the American Educa-
tional Research Association (2004, 2009, 2012), access to high-quality curriculum, instruction,
and teachers is effective in supporting the academic success of ELLs learning English and aca-
demic content .

Barriers to Science for ELLs in High School

High school can be seen as when students are given a bit of freedom to discover what
their real interests are when it comes to school. Students are usually given a choice to start mak-
ing decisions towards their prospective career paths. However, ELL students are faced with bar-
riers to science learning because of poor advising regarding their course selection, exclusion
from rigorous science courses, and placement in remedial courses. All those factors limit access
to ELLSs to the learning of advanced STEM subjects and STEM careers (National Academy of
Sciences, 2018). However, studies show how schools and teachers are usually unaware of all the
exclusionary practices of ELLs and how they impact adolescent identity development and their
future trajectories (Verhoeven et al. 2019). While completing their graduation requirements, stu-
dents are given opportunities to explore their interests in different core subjects. For example, in

science content, in most high schools, ' students are allowed to choose their fourth-year science



class. ELL students, on the other hand, do not always get allowed to make those choices. For
some ELL students, their schedules are already jammed pack with courses so that they could
have the opportunity to graduate on time. This choice has been decided for some ELL students
because of their previous academic environments. In this situation, ELL students are already de-
nied the opportunity to explore scientific content they find interesting. As a classroom teacher for
ELL biology and a fourth-year science forensics class, | have witnessed many students who get
so sad because they cannot take a fourth-year science class like forensics because their schedule
is already filled with other essential core classes. For most ELLs, there are few choices for them
when other students are given many opportunities to choose what classes they want to explore.
ELL students are already faced with barriers to learning science, such as limited English profi-
ciency. When ELL students arrive in our classrooms, their only barrier to learning science should
be their limited English proficiency, not their cultural background or experiences. Students
should be able to enter an equitable learning space that allows them to have power in their learn-
ing and be a part of a learning community that respects their culture and experiences. Unfortu-
nately, all classrooms are not equipped to provide this environment for ELL students to have un-
restricted access to content that could create opportunities for them to engage, understand, and
apply information that could evolve into students becoming a part of future stem professions.
The Need for Equitable Learning Spaces

Equitable learning spaces are environments where the whole student is involved in the
learning process. Non-equitable learning spaces involve learning environments where students
are taught in ways that view their prior knowledge, linguistic resources, and the culture as defi-
cits to their learning and something they need to overcome. Deficit teaching occurs when the cur-

riculum does not reflect the diverse student body expected to engage with it. Productive learning



environments will have a curriculum that provides a plethora of diverse opportunities for speak-
ing, listening, reading, and writing and engage students in instruction that will encourage stu-
dents to take risks, construct meaning, and seek different understandings and applications of
knowledge within the daily lives (Garcia and Gonzalez, 1995, p. 424). In an equitable learning
space, students are empowered to think critically, are invested in their learning, are a part of a
learning community, and are empowered because they have a voice in their learning.
The Power of Equitable Learning Spaces in Science for ELLs and Other Diverse Learners

According to Garza and colleagues (2017), the academic language of science that in-
cludes technical vocabulary can be both challenging and conceptually crucial for developing and
understanding scientific content. Students have to argue to support and tease out their ideas about
science and how to critique the ideas of their peers (Buxton, Suriel, & Choi, 2012). All students
grow up in communities that use the vehicle of language to engage in cultural practices that were
developed historically, and each community has a way of conceptualizing, representing, evaluat-
ing, and engaging with their environment (Nasir et al., 2014; Gutierrez and Rogoff, 2003). Chil-
dren are usually socialized in the ways of their local communities first (Gutierrez and Rogoff,
2003). Creating equitable learning spaces makes sure that the cultural and linguistic assets that
students such as ELLs bring to the classroom are accepted, respected, and used as an asset within
their learning (Lee & Buxton, 2006). When students are taught at a deficit, they are indoctrinated
to think their cultural assets are less than, because they are different.

Students feeling they are not necessary because of their cultural background and linguis-
tic capabilities can easily translate into students not even being interested in Science, Technol-
ogy, Engineering, and Mathematics or STEM-related fields or career interests. Landivar (2013)

found that in 2010 the disparities of students receiving a STEM bachelor's degree were 88.4%



for Whites and Asians, but African Americans and Hispanics only represented 9.9%. One of the
most underrepresented groups among STEM bachelor's degrees in English Language Learners,
which needs to change (Shi, 2017). Shi conducted a study examining the different factors that
affect ELLs obtaining STEM degrees and being a part of STEM careers. They found that Black
ELL students were taking significantly more STEM courses than Hispanic ELLs. Research on
STEM demographics found that 69% of STEM workers in the United States are white, followed
by Asians with 13%, blacks with 9%, and Hispanics with 7% (Funk & Parker, 2018). There is a
clear over-representation of whites and Asians in the STEM workforce, and part of that can be
credited to inequitable access to engaging STEM curriculum in schools. Lee and Buxton (2010)
argue that addressing inequitable learning opportunities for underrepresented students should fo-
cus on valuing the knowledge and experiences students bring to the classroom, articulating a stu-
dents' funds of knowledge and offering sufficient resources to support the learning of these stu-
dents. Students can be lumped into what seems like similar categories because of their assump-
tions (Nieto, 1999). Equitable learning spaces give power to each student's differences and make
room for the various experiences that students have in and out of the classroom. The goal of this
power is not just for students to be a part of a stem career but also for them to be more aware of
the world around them. Science learning environments also offer them opportunities to facilitate
a space where students learn how to articulate their thoughts and firmly held beliefs through
techniques frequently used in science, such as argumentation. Equitable learning spaces in the
science classroom create a space where all experiences have a place and are an asset to the learn-

ing environment and not treated as a deficit.



The Impact and Needs of Teachers

Teachers are who make creating equitable learning spaces in the classroom and, in partic-
ular, the science classroom possible. We are on the ground working with students and interacting
with them every day. However, teachers are not able to provide access through equitable learning
spaces to the curriculum for underrepresented groups in STEM, such as ELLs, with limited ac-
cess to professional development that is research-based and targets the needs and strengths of
ELLs in STEM to help them be and continue to be successful in the STEM classroom. In the
long run, the lack of equitable learning spaces in science classrooms that lead to a lessened inter-
est in STEM fields can translate to students who are culturally and linguistically diverse, not hav-
ing a seat at the table, or even creating their table (Harper, 2019). The phrase 'a seat at the table'
means that you have the opportunity to understand or be a part of policy decisions and other sig-
nificant events that can impact their community directly. Simply put, they will have the voice
and power to make decisions that impact not only them but their entire community.

Teachers creating equitable learning spaces are essential to creating an environment
where learning can be done across various cultures and experiences. Research shows that ELLs
are interested in STEM and can understand scientific content, but are usually limited to their
choices to expand their learning because of assumptions of their abilities (Harper, 2019). One of
the features of equitable learning spaces is the opportunity for students to have the power within
the learning space and feel empowered outside of the classroom. Students having power in the
classroom removes the act of students being passive members of the classroom and creates a
space for students to be agents of change for themselves, their peers, and their communities.
When students participate in a classroom passively, they are mainly "sitting and getting," which

means they come to class and take in the knowledge they need to do their work, turn it in and get
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good grades. The information the passive student learns in class has no power in their life, and
the information just needs to be remembered for regurgitation on an assessment later. The stu-
dents in our classrooms are the adults of today and tomorrow and should be active participants of
their learning. As a secondary high school science teacher, | feel that students should be empow-
ered by the information they learn and feel they have the power not to agree with everything they
have to learn. Not saying that everything that students learn in my biology or forensics classes
should be held at the utmost importance for my students, but when they leave at the end of the
semester, | hope that there is some concept we discussed that triggered a way for them to do
something good in the world. Teachers can be seen as the gatekeepers of education, and the same
is valid for science education. Often teachers evaluate and offer guidance to students as they ma-
triculate through high school and home in on their career goals. While this can be beneficial to
students, such as language minorities, this guidance can negatively impact their trajectories after
high school. Teachers' perception of their students' abilities profoundly impacts the shaping of
student's academic outcomes (Blanchard and Muller, 2015).

For high school science courses, the GSEs want students to engage in science-based prac-
tices that provide foundational knowledge for students who want to become scientists and techni-
cians of the future (Georgia Department of Education ESOL Resource Guide, 2018). Scholars
like Lee & Buxton (2010) note they can be accomplished if teachers are given opportunities to
participate in professional development that creates an environment for a broader array of
knowledge, skills, and dispositions to provide equitable learning opportunities for all students
their classroom. Even though there has been a growing awareness of the need for better profes-
sional development that addresses ELLs' needs, limited progress has been made to prepare teach-

ers better to succeed in today's culturally and linguistically diverse classrooms (Buxton & Lee,
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2014). According to the Hanover Research foundation (2017), teachers need to have opportuni-
ties to explore the intersectionality between ethnicity, socio-economic status, culture, and race as
dimensions to diversity. Teachers also need training. This means teachers need to have the op-
portunity to engage with their peers in skill-based training that is focused and specific to the
community they teach. Overall, teachers need a safe space to explore the culture and also a safe
space to explore how their curriculum and the culture of their students can work in symbiosis.
Statement of the Problem

The number of diverse students within the American school system is growing vastly,
and researchers predict that "language minority students” will comprise over 40 percent of ele-
mentary and secondary students by 2030 (Thomas, Collier, & National Clearinghouse for Bilin-
gual Education, 1997). English language learners are the fastest-growing learner population, with
60% within the last 15 years (Breiseth, 2015). However, the school setting does not adequately
serve the needs of diverse students and, more so, those that are Culturally and Linguistically Di-
verse such as ELLs (CLD). It has been well documented that ELLs have less access to learning
experiences that support science practices that can be found in the GSEs than their English-
speaking peers (Callahan, Wilkinson, & Muller, 2010). With the increasing number of ELL stu-
dents in our classrooms within the United States, it is essential more now than ever that we re-
quire that today's teachers and tomorrow need a new set of pedagogical skills and dispositions
different from the teachers that came before them. All of this has to be done to create equitable
learning opportunities for all students, not just English language learners, but all students (Bux-
ton & Lee, 2014). When providing equitable learning and assessment opportunities for ELLS,
students can demonstrate high levels of science achievement. ELLS' opportunity to demonstrate

high levels of science achievement allows ELLSs to take agency and ownership of their science
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learning and the space to develop positive attitudes towards science, which can flourish into po-
tential careers in science fields. Most of the academic barriers that ELLs face in the science
classrooms are rooted in the structure of the education system and least likely due to their fami-
lies or communities. Students, such as ELLs who have traditionally not performed well in sci-
ence, deserve equitable learning spaces and equitable assessment practices. States, districts, and
schools need to consider how they allocate resources such as human capital and social resources
to support English language learners to learn the rigorous science standards like the GSEs while
learning the English language simultaneously.
Purpose of the Study

Diverse education is needed to help diverse learners succeed, both academically and so-
cially. Standardized education is only built for white students, and in our growing demographics
in the U.S school system, it is time that we recognize and accommodate all learners to give them
equal opportunities to meet their ideas of academic and social success. Schools are a racist insti-
tution at the core with the first purposes of education for African Americans to get a utilitarian
education while white people were given access to literacy education, and that is where the first
divides began (Watkins, 2017). From this viewpoint is where deficit education emerged. Every
type of student that enters a classroom actively needs to be able to see themselves in the content
taught to them in school and the classroom, so that skills they learn will be transferable to their
daily lives. America is always referred to as the Land of Immigrants, where diversity should be
celebrated. If diversity is to be celebrated, this should be most evident in our public-school sys-

tems.
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The intentions of this study was to examine how science teachers are creating equitable
learning spaces and experiences within their classrooms for diverse and English Language learn-
ers and how these decisions support the learning of their students.

Research Questions

The main research question that was examined is:

1. In what ways did science teachers conceptualize equitable learning spaces and experi-

ences within their classrooms for diverse and English language learners?

Significance. Voices and ideas need to be heard. As a teacher, | felt like my voice can be
silenced frequently when it comes to my classroom needs. | know | was not the first teacher that
realized that our schools need to be more equitable, but hopefully, | am a teacher that will con-
tribute to a solution instead of complaining about the problem. When reading and combing
through literature, it is more than evident that scholars know that our classrooms should be
places where student’s backgrounds and ways of knowing the world should be honored, how-
ever, more information should be available when as it pertains to how science teachers in high
school are trying to create equitable learning spaces among our current educational climate.
During this current school climate in 2020, many factors affected how students learn. Move-
ments were going on, such as Black Lives Matter, children of immigrants being put in cages,
people losing their lives to a global pandemic, and that is just to name a few. While all of this
was going on, students were still charged with going into the classroom and engaging in content
that may or may not be relevant to their culture, background, or communities. Not to mention
teachers were charged with needing to have an ability to teach students during this climate and
make sure students could achieve mastery. This is all while just dealing with factors outside the

school. The factors were somewhat even more intense inside the school for populations like
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ESOL students because of the harsh reality some have to deal with and cope with while attending
school every day.

Students are essential, their backgrounds are essential, and their cultural differences are
essential. In the classroom, students should not feel like the inaccessible curriculum is penalizing
them because of their cultural background. We cannot change our backgrounds or ethnicities,
and they should not be held against us, especially in places such as schools. The goal of this
study was to provide voice, contribute, and learn. | wanted to help give a voice to the teachers
about their needs in the classroom and what they are currently doing in their classrooms. | felt
like teachers play a large role in providing an equitable learning space for a student to thrive. The
next goal was contribution. For the field of science education research and, for diverse and
ESOL students , | wanted to provide some more examples of how science teachers were creating
equitable learning spaces in their classrooms where factors like social justice can occur. | also
hoped my research encourages more teachers to be reflexive in their pedagogical practices to see
how they are equitable in their classrooms. | wanted to provide research that provides a better
understanding of how to support teachers on how to support the learning of rigorous science con-
tent to diverse and English language learners in high school science education. Lastly, | have al-
ways strived to be a lifelong learner, and conducting this study allowed me as an educator to
learn even more about how to support my students and be a supportive teacher colleague to other

teachers seeking information.
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2 REVIEW OF THE LITERATURE

Introduction

School districts across the U.S are experiencing rapid growth in the number of students
that represent minoritized populations who are linguistically diverse and are from low-income
families (Howard, 2007). As a classroom teacher, | experienced this growth as both a student and
an educator. Most of the students | taught and interacted with are already bilingual in Spanish
and English, not to mention the plethora of other languages that Culturally Linguistically Diverse
(CLD) students speak. Culturally linguistically diverse is the umbrella term used for students
that are diverse in their culture and language. Throughout this literature review, the terms cultur-
ally linguistically diverse and English language learners (ELL) were used interchangeably, there-
fore as the abbreviated name CLD is mentioned throughout this paper, it referred to the English
language learner student population. | focused on the English language learner part of the Cultur-
ally linguistically diverse students because ELL are diverse students who have limited English
proficiency. This group of students is important to me because | have learned more about them
and their struggles. | have also had the pleasure of teaching ELLs throughout my entire teaching
career as well as majorly diverse students . Through interactions with ELLs and other diverse
students, | have always looked for a ways to help foster an environment that helps them learn

more freely and more relevant to their lives outside of school.

Linguistically diverse students also bring different cultural norms that may go against the
school norms in which they attend. Every student deserves the opportunity to have access to an
education where they can see their culture and diversity as an intentional entity to their learning

experience. According to Gonzalez, Moll, and Amanti (2005), as well as Tolbert and Knox
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(2016), the capitalizing of English learners’ prior knowledge is their starting point for making
connections between science and their primary language. Therefore, if these connections be-
tween science and primary languages are not made in the science classroom, students will not
have access to explore their primary language. The opportunity for students to learn in an envi-
ronment that engages their culture and their way of understanding as an asset and not a deficit is

a way of creating an equitable space in the classroom (Cleveland, 2009).

The word equitable, by definition, means fair and impartial (Merriam-Webster, 2020).
Equitable learning spaces mean that students should have equal access to the curriculum and
learn no matter their background or prior knowledge. However, with the ability to learn in equi-
table spaces, educators and stakeholders need to be aware of the messages sent to CLD students
when the equitable learning that is taking place in a classroom but then assessed by non-equita-
ble high stakes testing, especially in a content area such as science. According to Bianchini
(2017), for science education to be equitable, it has to be transformed. Science education has to
be equitably transformed, so it considers inequalities such as marginalization for diverse student
groups in the teaching and learning of science. Inequitable science education includes not imple-
menting curriculum, instruction, and assessment that hold students’ funds of knowledge as an as-
set but rather as a deficit within the classroom. Further, the uneven distribution of material, hu-
man, and social resources in classrooms and schools are consistent hallmarks of inequitable sci-
ence learning spaces (Tobin, Roth & Zimmermann, 2001). In this paper, | explored research that
demonstrates infusing culture in science curriculum and instruction to create equitable learning
spaces in the classroom that were beneficial not just for students that are English language learn-
ers but also students with a CLD background. The definition of science in other cultures is broad,

and knowledge around the world is grounded in the place where that knowledge is practiced, and
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a part of teaching science to diverse learners is making clear and understanding how science is

practiced across time and cultures (Shively & Corsiglia, 2001).

Some students enter the classroom with an abundance of knowledge about not one, but
two cultures. However, their knowledge of various big "D" discourses might not be used as an
asset in the classroom, specifically the science classroom. Gee (1999) characterizes big D dis-
course as communication that captures the conventions that allow people to enact specific
identities and activities. For example, how people use different ways of thinking, acting, inter-
action, valuing in the appropriate places, and at the appropriate times. For students to be able
to participate in the Discourse of science, they have to be able to use scientific ways of think-
ing and communicating using the socially accepted ways of using language. ELL need to be
able to engage in collaborative scientific discourse that allows them to communicate their
ideas, reconcile conflicting views, and co-construct shared meaning with other partners (Ash,
2003; Buxton et al., 2013; Chi et al., 2017; Ford, 2012; Reiser, 2004). Essentially, ELL students
do not need to just learn about science from books, but they need to have the opportunity to
actually "do" science. Research has shown that creating opportunities for ELLSs to be able to
engage in collaborative scientific discourse is beneficial because it creates more authentic en-
vironments that ELLs can have multiple opportunities to develop and use their English lan-
guage skKills to understand scientific phenomena (Allexsaht-Snider et al., 2017; Amaral, Garri-
son, & Klentschy, 2002; Lee, Hart, Cuevas, & Enders, 2004; Stoddart, Pinal, Latzke, & Canaday,
2002). Unfortunately, not all classrooms are equitably equipped with teachers that can facilitate
and engage the different cultural assets and discourses of their students, allowing them to learn,

understand and use the Discourse of science in meaningful ways. (Lee & Buxton 2010). These
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elements of a students' culture and upbringing are so essential to the facilitation of the learning

process (Emdin, 2016).

When the cultural assets and Discourses are not engaged with in the classroom, learning
is sterile and not meaningfully transferred to the lives of students. The curriculum cannot be one
size fits all, as our students are not identical in their backgrounds. Southerland et al. (2011) point
out that our current curriculum and pedagogical practices require reconceptualization for teach-
ers about the goals of teaching, and how the curriculum can operate in the lives of the learners
and what the cultural influences are of this learning. There are many students in classrooms
across the United States (U.S.) who have similar backgrounds but have diverse life experiences.
The different experiences that students bring to a classroom ought to be interpreted as an asset
that should be celebrated and not a deficit to their education.

The experiences that students bring to the classroom are classified as the student’s prior
knowledge or that students’ funds of knowledge (Moll et al., 1992). Funds of knowledge empha-
sized incorporating students' identities and interests into their pedagogical space, along with their
conceptual understandings (Joveés, Siqués, & Esteban-Guitart, 2015). The current state of stand-
ardized curriculum does not foster the environment to incorporate students’ funds of knowledge
in the classroom. Students should be able to benefit from a curriculum built with the capabilities
to feed their mental, academic, and emotional souls. The current curriculum that is being "fed" to
our students is intellectual junk food, according to Noddings (2004). Students are exposed to
multiple curriculum types in schools simultaneously, and some are more influential than others.
The two curriculums that have the most influence is the hidden and the tested curriculum. The
hidden curriculum refers to what students learn from the culture of the school and the implemen-

tation of specific policies and practices. The hidden curriculum is a significant part of a student's
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experience, and the tested curriculum has an even more significant impact on teachers and stu-
dents (Alssubaie, 2015). According to Glatthorn (1999), the tested curriculum can be curriculum
represented in state tests, district assessments, and teacher-made tests. Stakeholders in education
have to be considerate of the message they send to students through the curriculum and assess-
ment in schools. In the next section, | will discuss the current models for the ELL curriculum and
instruction. To have a discussion about current learning models for English language learners, it
is important to establish context to understand what events happened in the past and how they
can inform the future learning environments for ELLS.
Current Learning Model for English Language Learners

In most states, the ELL curriculum is designed for non-native English speakers to de-
velop sufficient verbal and written skills to transition to the dominant all-English curriculum
within three years (Valenzuela, 2017). However, studies show that oral proficiency for students
with limited English proficiency takes three to five years to develop, and academic proficiency
takes four to seven years to develop (Hakuta, Butler, & Witt, 2000). Gandara (2003) states that
academic English is the language used within texts and on tests, and academic English is not ac-
quired through colloquial conversations among students. Therefore, academic language has to be
taught to students who are not likely to absorb academic discourse within the communities they
encounter outside of school. Cummins (1979) points out the distinction between necessary inter-
personal communicative skills (BICS) and cognitive academic language proficiency (CALP).
BICS can be looked at as colloquial language among peers, and CALP is the academic language
proficiency acquired in classrooms or other learning environments. Many stakeholders in educa-
tion can confuse BICS or colloquial conversations or interactions with a student’s ability to un-

derstand academic language and practices. When teaching ELLs about new concepts, educators
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usually focus on the external features of language like pronunciation, grammar, and fluency, and
these would be the BICS and forget about the role that language plays in the thought process,
which involves the developments of CALPS (Bylund, 2011). Because of this misunderstanding
between the importance in the difference between BICS and CALPS, the crafting of curriculum
and educational spaces for ELLs is only equitable when a space for language development is fos-
tered for limited English proficient (LEP) student populations (Cummins, 1999).

Current learning spaces for ELL students are impacted in the secondary science class-
rooms because of this misunderstanding among educators on the differences between BICs and
CALP. Within science classes, there are many language demands, as pointed out in the Next
Generation Science Standards (NGSS), that are required for students to be successful within the
various courses of science (NGSS Lead States, 2013). Lee and colleagues (2012) state that for
students such as ELLs to be able to engage in language intensive tasks found within the NGSS
teachers have to be able to facilitate a classroom culture of discourse. The classroom culture has
to be inclusive and accepting of the contributions and how they engage in meaning making. With
unrealistic language goals for ELL students to learn English successfully, inequitable environ-
ments are created within classrooms because teachers are worried about whether they will be
able to cover content and be able to get students to achieve high levels on standardized assess-
ments.

Education guided by standardized assessments is crippling the acquisition of knowledge
for students, especially ELL students. Embracing a students' CLD background is a part of build-
ing equitable spaces in the classroom. For this literature review, the focus will be on equitable
learning spaces in the science classroom and why they are necessary. Equitable learning spaces

are representative of open and supportive learning spaces that welcome student’s everyday
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knowledge and experiences as a part of the classroom learning environment as an asset and give
students adequate opportunities to learn science with expectations that every student is capable
of meeting high academic standards (Calabrese Barton & Tan 2009; NRC, 2012).

Crafting equitable learning spaces in the science classroom allow student populations
such as ELLs to acquire high prestige careers within STEM fields and be able to participate in an
increasing science and technology savvy society (Bianchini. 2017). Equitable learning spaces are
welcoming environments in the classroom. Equity within classroom learning spaces allows the
opportunity for students to engage in science learning that has transformed views of classroom
culture. Equitable learning spaces provide learning environments where students have the oppor-
tunity to learn using a range of modalities that are suitable to their educational needs. When the
culture of a classroom is transformed students also become power agents in the classroom along
with the teacher and sometimes on their own (Cleveland, 2009). This literature review will elab-
orate on why equitable learning spaces are essential and how they are beneficial to science learn-
ing within classroom learning environments. The review will also elaborate on how equitable
learning spaces are beneficial for CLD students such as ELLs, and how equitable learning spaces
in science are beneficial to break down barriers that exist for ELL students to scientific content.
Methodology for Literature Review

The current state of the curriculum and the environment that has been created for ELL
students is something of interest to me as a researcher and a classroom teacher. In order to ex-
plore this topic further, I thought of and researched several topics that were under the umbrella of
ELL science education, equitable learning spaces, and also equitable learning spaces in science.
With the information gathered from the literature, a review was constructed analyzing and syn-

thesizing research on the current state of the science curriculum and how it impacted diverse and
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ELL students. The terms or phrases that | used to gain further information on the current learning
environment and ways to overcome learning obstacles for diverse and ELL students include
funds of knowledge, equitable learning spaces, equity in science, culture in science, Next Gener-
ation Science Standards (NGSS) and teacher perception of teaching ELLs in science. | used the
Google Scholar search engine and also used journal databases accessible through Georgia State
University, including JSTOR, ERIC, and others.

The overarching arguments that emerged from this review of the literature include the
importance of infusing culture into content for all students, the importance of teacher perception
and training, critiques of the Next Generation Science Standards, and best practices in teaching
standardized curriculum to ELL students. In the next section, | elaborated on the Next Genera-
tion Science Standards and how they affect equitable learning spaces and ELLSs.

Background of NGSS

The NGSS (NGSS Lead States, 2013) are national level science standards taught in many
schools across the United States in various ways. Some states directly use the NGSS to teach with,
but most school districts chose to use the standards as a blueprint or framework for how they went
about crafting their own set of science standards (Pruitt, 2014). The standards were made to make
sure the expectations were creating a set of research-based and relevant science standards. The
following sections discussed how the Next Generation Science Standards came to be and how
these new science standards impacted the learning for English Language Learners and diverse

learners alike.
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History and Purpose of Next Generation Science Standards

There was a two-part process for developing the Next Generation Science Standards. The
first part was to develop the conceptual framework (National Research Council, 2012; Rodri-
guez, 2015). When this framework was developed, it had particular goals in mind: (1) educating
all students in science and engineering, (2) providing the foundational knowledge for those who
become the scientists and technicians of the future (National Academies Press, 2012). Once the
conceptual framework was developed, a different committee crafted the standards. With the in-
troduction of NGSS, many schools wanted to reform their science curriculum to become Sci-
ence, Technology, Engineering, and Mathematics (STEM) schools without pausing to reflect on
the actual logistics of how to have programs that would run correctly (Rodriguez, 2015).
In the history of schooling, there has always been a desire to try and make schooling better by
enacting school reforms to bridge achievement gaps between minority groups. For example, in
1983 President Reagan helped formed a committee to craft the Nation at Risk report where the
goal was to try and demand more rigorous math and science courses to help America be at the
forefront of international economies (United States & National Commission on Excellence in
Education, 1983). Reforms suggested in A Nation at Risk did not look at students and schooling
as social and academic development but from a business standpoint. Other scholars such as
Becker (1964) and Denison (1964) both have a part in the paradigm shift that the purpose of edu-
cation was for the forward push of the economy with theories such as human capital, which
pointed out the income-enhancing effects that education would bring to the economy. The NaR
combined the themes of national security and human capital development. The Nation at Risk

encouraged reforms whose mission was to develop a student's power of the mind, so they would
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be able not to serve their interests but progress the society. Reforms encouraged by A Nation at
Risk brought about standardized education that had rigorous academic standards.

Fast forward to 2001, and President George W. Bush wanted to continue to reform
schools by adding a heightened level of accountability in schools. No Child Left Behind
(NCLB), and this initiative made it so that if schools were failing, it was now public information
and available on the internet. Having test scores visible to the public was different from 1983
when the public had little information on school performance (United States Department of
Education, 2008)). NCLB was composed of four fundamental principles; accountability, flexible
and local control, enhanced parental choice, and teaching methods that work. NCLB fostered
much on accountability, and less so on the other three aspects. A study done by Rojas-LeBouef
& Slate (2011) found that this one size fits all accountability model did not work well in all con-
ditions and limited management and weakens educational changes.

Furthermore, as far as teachers, NCLB did not give teachers enough autonomy to create
equitable learning spaces in their classrooms because of unrealistic and unachievable expecta-
tions. NCLB held the accountability of performance mostly on the school and teachers and tested
students’ way more than ever before to close achievement gaps. With the heightened focus on
accountability, students that are considered limited English proficient (LEP) are receiving in-
struction that is mostly in English and limiting to their knowledge, to be able just to pass high
stakes tests (Wiley & Wright, 2004). As Rodriguez (2015) points out, no single reform document
can be expected to fix the issues that affect the learning opportunities of diverse learners. The
NGSS sought to achieve new insights that break away from failed reform patterns that histori-

cally have not worked.
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Rodriguez (2015) highlights that one of the most significant differences between the
NGSS and the National Science Education Standards used in the past is equity. The committee
that drafted the standards wanted to incorporate different modalities to engage the role of lan-
guage, context, social, historical, and institutional factors and how they intersect with facilitating
the learning of science for students (NRC, 2012). Appendix D of the NGSS goes into further de-
tail about how particular populations of students, such as ELLs will be affected and suggested
classroom strategies that should be implemented. These strategies are literacy strategies, lan-
guage supports, discourse strategies, home language support, and home culture connections. In
the next section of the background of the NGSS critique the impact of the demands of ELL stu-
dents will be discussed.

How NGSS Impacts ELLs. The population of ELL students is among the fastest-growing
of the school-aged population in the United States, yet they are underserved and have the least
access to the curriculum (Stoddart, 2014). Also, because of their socio-economic status, ELL stu-
dents are not adequately served in a classroom with teachers who are equipped with the back-
ground or the training to help facilitate their learning (Lucas & Grinberg, 2008). Not only are
ELL students with teachers that are unprepared to teach them, but they are also faced with the
task of the development of English proficiency with the learning of science content.

The use of language is evident in the NGSS because there is a focus from making the content
decontextualized towards focusing on scientific literacy as a productive and integrated use of sci-
ence language with science content while simulating what real scientists do. In other words, the
NGSS wants students to think, talk, and write like scientists while using academic language. For
ELLs to be able to communicate using scientific, academic language they have to be able to

adapt the communication practices that would be recognized and accepted for these practices
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(Wiley & Wright, 2004). The ability to provide this scaffolding to support the language demands
of science goes back to teacher education and professional development, as stated by Stoddart et
al. (2010). Teachers need to have the ability to recognize and address the language demands of
diverse learners and to leverage the content for language learning processes, all while putting a
value on students' funds of knowledge. Lee et al., (2014) state that for students to have access to
meeting the NGSS in science classrooms there has to be value towards the lived experiences of
students, knowledge of cultural and linguistic backgrounds, sufficient school resources, and
classroom strategies that are specific for student groups. For teachers to create a space that ena-
bles students to meet the NGSS, teachers have to make a shift in their science teaching from con-
ventional teaching they are more familiar with and overall, more comfortable with.

Within the NGSS, there are eight scientific and engineering practices. Within the eight,
about four of them are language intensive: developing and using models, constructing explana-
tions and designing solutions, arguing from evidence, and obtaining, evaluating, and communi-
cating information (Lee et al., 2013). The shift in language demands within these standards re-
quire changes in the way that teachers facilitate learning in secondary classrooms, especially
with those who teach ELL students. Equitable learning experiences for ELL's in science are not
only allowing these students to learn through inquiry but also by supporting the rigorous lan-
guage demands required by the NGSS. Brown (2017) and Moje (2004) note that inquiry is recog-
nized as the gold standard for meaningful science learning experiences, but engagement in in-
quiry can produce competing Discourses for CLD students such as ELLs. Carlone and colleagues
(2011) state that there must be a more significant effort to promote equity in inquiry-based sci-
ence education by using culturally responsive pedagogical approaches to teaching science as not

to marginalize ELLSs.
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There is a firmly held thought pattern that says that improving language proficiency
should occur first followed by teaching content is the best way to teach ELLs science (Bravo &
Cervetti (2014). However, Carrejo and Reinhartz (2014) say that for ELL students to be success-
ful in mandated standardized high stakes testing, they need to know and understand certain liter-
acy elements like reading comprehension, vocabulary development, and the representation of in-
formation in different ways. Teachers should not choose language development over content but
strive to develop the two together through contextualized instruction. By teaching language and
content together, the hope is that the language and literacy achievement gap will not continue to
widen for ELL students. Teachers are not necessarily prepared to teach in this new way to acti-
vate all of the eight scientific and engineering practices (Tolbert et al. 2014).

As mentioned previously, being a teacher of ELLs can be a challenging task when teach-
ing English proficiency and academic content simultaneously. However, the challenge can be
conquered by facilitating equitable learning spaces in classrooms that help bring in students’
prior knowledge with the classroom's academic content standards and create a welcoming space
for learning where mistakes and differences are okay and even welcomed. One-way teachers can
create equitable learning spaces in science is by incorporating hybrid spaces into the science
classroom that allows for a broader conception of learning than just traditional mastery but helps
students make meaning and base it in their experiences (Rahm, 2008). Rahm (2008) did this with
one of the participants of their study by helping the student to recognize and value their diverse
conflicting concepts and helping them develop different ways of relation to science. The diverse
conflicting concepts became building blocks for a new space of opportunity for learning. An-
other way teachers can create equitable learning spaces that will be discussed is by using multi-

ple modalities and collateral learning. According to Lee, Quinn, & Valdés (2013), NGSS can
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provide space for ELLs to learn English proficiency and content, but it depends on teachers shar-
ing the responsibilities of teaching and helping students to develop literacy and numeracy that
reinforce each other. Teachers need to understand the importance of infusing culture in science
to teach NGSS influenced standards in their classrooms while creating equitable learning spaces.
Infusing Culture in Science
Funds of Knowledge

Throughout the literature, it is clear that infusing culture in science is one of the ways to
create equitable learning spaces within the science classroom (Barton & Tan, 2009; Gonzélez,
Moll, & Amanti, 2005). One way to infuse culture in the science classroom is by having
knowledge and understanding of your students’ funds of knowledge. Funds of knowledge in-
volves a realistic view of households as containing cultural and cognitive resources that are an
essential asset to classroom instruction (Barton & Tan, 2009; Gonzalez, Moll, & Amanti, 2005),.
For ELL and CLD students, using funds of knowledge in the classroom is forming an oppor-
tunity space that gives the student an environment to make connections from the curriculum to
their life outside of school (Rahm, 2008). However, connections that students can make through
using their funds of knowledge are not always utilized or given space within the standardized
curriculum. The standardized curriculum does not allow space to incorporate a students’ funds of
knowledge (Gonzalez, Moll, & Amanti, 2005), and high-stakes testing undermines education by
narrowing the curriculum and limiting teachers' abilities to individualize the curriculum to meet
the socio-cultural needs of their students (Au, 2017). When teachers have to limit their curricu-
lum to fulfill high stakes testing demands, diverse learners such as ELLs are met with obstacles

that limit their ability to make meaningful connections to content learned in the classroom.
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Some of the biggest obstacles for ELLs include the ability to communicate in social and
academic situations by listening, speaking, reading, and writing (Haynes & Zacarian, 2010). In
most schools across the U.S., teachers have a set of standards that frame their teaching practices
throughout the year. Standards frame what will be on the classroom and high-stakes assessments
throughout the year. This means that for students and ELL students in particular their ability to
learn difficult material depends on their ability to be able to communicate what they know about
content through being able to listen, speak, read, and write effectively in another language that
they may or may not have the full command over. The accountability for teachers to be able to
teach district mandated standards and still have enough time to review for assessments can leave
teachers with no choice but to limit the curriculum so that students can achieve proficient grades
on assessments. By limiting the curriculum because of the need to get through content stand-
ards, ELL and CLD students are not given opportunities to use their funds of knowledge to help
them navigate through the discourse of science. For example, in a study by Vann and Escudero
(2007), a 9"-grade teacher had to limit their curriculum by focusing on vocabulary because they
felt that having vocabulary focused tasks was going to help their ELL learners learn science.

However, the educator constrained classroom discourse by having vocabulary focused
curriculum and instruction, preventing students from thinking and talking like scientists, which
did not help them understand the relationship between concepts being taught or provide them
with linguistic resources for conceptual understanding of the content. Not giving an ELL student
access to a space including their funds of knowledge and linguistic resources to navigate new
content and make connections so that there is better understanding is not creating an equitable
learning space. The space to make the connection is not given when curriculum has to be limited

to the nuts and bolts or essential standards because the curriculum is just giving access to what
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students need to hear in order to be successful on standardized assessments and not to make sig-
nificant connections to the content that could incite change in students and also within their com-
munities (Tsui. 2007).

The curriculum in U.S. schools is traditionally made to give recognition to students with
male white backgrounds within the curriculum and tends to exclude students that have CLD
backgrounds (Paris, 2012). This means the curriculum and assessment tools that are being used
in schools are not inclusive of diverse cultures. The dominant language, literacy, and cultural
practices demanded by the school and recognized throughout the curriculum are White back-
grounds, and Discourses that are not in line with White literacies are seen as a deficit and not
having any worth in the classroom (Paris, 2012). This lack of respect for culturally diverse dis-
course, especially within science, is highlighted even more when educators are forced to decide
to limit the curriculum so pacing calendars can be maintained and content can be covered. There
has to be a transformation in how students are taught. Within the curriculum, there cannot be as-
sumptions that White Discourses will continue to be the only gatekeeper to opportunity and real-
ize that our society is changing (Paris & Alim, 2014). Every student deserves an equitable learn-
ing opportunity to have access to those new opportunities and to see how their discourses and
ways of being fits into the content they learn in schools.

Diversity should be celebrated, especially within education, by creating equitable learn-
ing spaces because diversity promotes learning (Gutierrez et al., 1999). The different de-
mographics of students in the public education system are going to continue to change, and it is
up to the education system to model that same change. The curriculum should be accessible to
students from many different backgrounds and socio-economic statuses. Swanson, Bianchini,

and lee (2014) conducted a study where a high school teacher formulated science, including both
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practices and discourse. The teacher defined science discourse as generating and evaluating ar-
guments from evidence, sharing ideas, and understanding others in public settings using precise
language. From this approach, the teacher in the study provided their students with multiple,
scaffolded opportunities to communicate their ideas about natural phenomena, engaging them in
developing arguments from evidence and other scientific practices. One of the biggest scaffolded
opportunities to communicate was allowing students to communicate in whatever language they
chose when presenting to their classmates. The teacher wanted to make sure that students were
able to present in a public forum and also have primary language support. By this teacher creat-
ing multiple scaffolded opportunities for their ELL students to articulate their ideas, they ex-
tended access to participation in disciplinary practices such as explaining and arguing using the
appropriate scaffolding provided by the teacher. This teacher-created an equitable learning space
for students by offering multiple modalities that allowed them to use different discourses to be a
part of how they learn and understand different scientific phenomena. Teachers can help make
their curriculum accessible for all students regardless of cultural background by equitable learn-

ing spaces where all prior knowledge and cultural norms have a seat at the learning table.

The conversation about equitable learning spaces and infusing culture in science cannot
stop at using students' funds of knowledge in the curriculum. There also needs to be a conversa-
tion and transformation at the way students are assessed and how equitable spaces need to be cre-
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APPENDICE
Appendix A
Interview Protocol and Focus Group Question prompts for Teachers
These interviews will take place either in person or on a virtual meeting platform.
Interview 1: Background and Teacher Initial Thoughts on Equity
1. What is your name?
2. Take me back to your teaching preparation program. First where did you receive your ini-
tial teacher preparation?
3. Was equity ever discussed during your teacher preparation program?
4. While in your teaching career have you had any significant experiences where your
learned about creating equitable learning spaces in science classrooms?
5. Describe equity in your own words.
6. Do you think equity is important to an educational learning environment or experience?
7. Describe what creating an equitable learning space means to you?
Interview 2/ Conclusion Interview
Observation questions will not be finalized until after analysis of initial interview and focus
groups.
1. What are some take a ways you received from participating in this study?
2. Describe any challenges you encountered as you think of ways to create equitable learn-
ing spaces and experiences in your classroom?
3. What do you think are some of your own barriers to creating content that can connect

with the diverse backgrounds of your students?
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4. What are your further implications in your pedagogical practice with the information you

have discussed or gained from the focus groups with other teacher participants?
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Appendix B

Artifacts from Participants

Black Lives Matter sign in Grace’s classroom

Picture of Welcome Message on windows in ,
Grace’s classroom. ! =
Poster of women scientists in Grace’s classroom

N2 LU oo m T} |

Picture of welcome messages on student desks in Grace’s classroom




Picture of Evelyn’s Scientist Representation Wall in her classroom
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Name [¢ Date:

3. Acar travels in a circle with constant speed. The net force on the

Circular Motion and Univ. Grav. Test

Multiple Choice a. is directed forward (adelante), in the direction of travel.

Identify the choice that best completes the statement or answers the question. b. is directed toward (hacia) the center (el centro) of the curve

c. is zero because the car is not accelerating.

1. Atin can whirled (hacer girar) on the end of a string (cuerda) moves in a circle because: . None (ninguna) of these answers s correct.

4. Asteel ball is attached to a string and is swung in a circular path as illustrated in the
. Once the can starts moving, that is what it does naturally (instintivamente). figure below. At the point P, the string suddenly breaks (romper). Which path (el
camino) would the ball most closely follow after the string breaks.

®

o

. Gravity acts on the can.

c. There s a force (la fuerza) on the can pulling it away from (lejos de) the center (el an d.0
centro). b. B eE
d. There s a fore (la fuerza) acting toward (hacia) the center (el centro) of the can. cc

»

o i et )t can theendfa sing nd the g ussenyireis | XAIIPIE Of how Jordan’s
(romper),the can il physics curriculum group

_ adapted the”’ tests for 5. In what direction (la direccion) does centripetal force point (apuntar)?
&5 g Spanish speaking English —

language learners

o

-

Outwards (hacla fuera

a.fly (volar) directly away from (lejos de) you.

o

Tangent to (tangenta a) the circle

b. fly directly toward (hacia) you. d. Nowhere (en ninguna parte)
. fly off, tangent to (tangenta a) its circular path (el camino).
d. spiral (1a espiral) away from (lejos de) your hand.
Name Date 9. What provides the centripetal force for a ball on a string being twirled in a circle?
a. Friction force B T e
6. Inwhatd (la direccion) does centripetal (apuntar) b. Inertia 4

. Tension force

Toward (hacia) the center _—

n

b.
d. Air resistance
c. Outwards (hacia fuera)
d. Tangent to (tangenta a) the circle
e. Nowhere (en ninguna parte) 10. If you spin a rock on a string aver your head and the string suddenly breaks (romper),
the rock will:
|
7. What de d d a. Fly (volar) directly toward (hacia) you. - e
3 Mass b. Fly off in a straight line (linea recta), tangent to the N
curve. y--
b. Velocity i
<. Spiral (espiral) away from (lgjos de) your hand. T S
<. Radius of the circle
d. Al of these answers are correct. d. Spiral (espiral) toward (hacia) your hand.
8. What would happen (F)  felt between if the 11. What would happen to the gravitational force (F) felt between
radius between them were do \Z’ two planets if the mass of one planet were doubled?

. F Id double
a woul uusL'E'L'L'

a. Fwould double [ E‘ s (

? N
¥ b. Fwould cutin hatf (> [=] (D
b. Fwoudeutinhalt (Lo [=] D "

¢ Fwould dvide by four > [=] (p - 7
i c. Fwould divide byfour (1, ] »

d. Fwouldstaythesame (> [=] o ) )
d. Fwould staythe same (Lo [ =] (L

12. As a car goes around a left turn, the passenger (pasajero) feels squished (aplastado

toward the door of the car. What causes his body to feel this?

a. Newton’s First Law of Inertia, making his body want to a

continue straight (derecho) /_

Gravity pulling him down to the seat (asiento)

o

o

Centrifugal Force pushing him out the door

a

Friction of his bum (extreme) on the seat (asiento)



