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Abstract
of
A HANDBOOK ON INTEGRATING STEAM EDUCATION INTO A BILINGUAL
CURRICULUM

by
Javier Murillo Lujano
Education has been referred to as ‘the great [social] equalizer’ according to Horace
Mann (1837). Unfortunately, even after formal education was made available to all
students, the education achievement of students from minority groups have failed to
perform at levels equal with their white-counterparts. The world in the 21st century
demands adequate competencies and skills to face the challenges in the careers and jobs
of the future. Historically, English Language students (ELs) have faced great obstacles,
including laws that reduced their possibilities for educational attainment. As those
barriers are being removed, the beginning of a brighter future for English Learners
begins. In California, the EL Roadmap (Proposition 58) is one of the first laws that is
solidary to the experience of Els instead of promoting a climate of oppression and fear.
With the appropriate classroom resources, ELs will have greater opportunity to succeed.
Consequently, this project is an attempt to bridge Bilingualism to STEAM education. By
investigating the process of curriculum design surrounding Science Education, various
themes emerge. The acronym: STEAM stands for Science, Technology, Engineering,
v

Arts, and Mathematics in K-12 Education, and is more than just integrated content
areas—it means Science Standards aligned with the Next Generation Science Standards
(NGSS) 3-D Framework, Common Core Standards of Language Arts and Mathematics.

_______________________, Committee Chair
Porfirio M. Loeza, Ph.D.

_______________________
Date
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Chapter One
INTRODUCTION
Science is perhaps the one content area that lends itself the most to an approach in
which the natural curiosity and wonder of young minds can be celebrated, encouraged,
expanded, and used as a point of departure toward a lifelong quest for learning about the
universe. Natural phenomena occur around everyone. Children from early age begin to
make sense of the world through play and interactions with the physical world around
them and acquire knowledge as they become exposed to a variety of experiences with
nature (Bruner & Haste, 2010). With help from adults, children become aware of
patterns of basic underlying phenomena in nature and life. Through interactions with the
world children acquire experiences and learn to interpret patterns, of both society and
nature (Wells & García-Prada, 1980). Curiosity and imagination lead children to
exploration and wonder (Milne, 2010). The shaping of knowledge in children then, is
largely the result of their learning environment. Parents and adults, especially teachers,
play an important role in facilitating the opportunities for explorations of experiences that
will encourage both the formation of the child as a valued member of society and as a
learner of world and nature.
The development of intuition, or that deeper understanding of phenomena, is most
likely acquired through experience with that phenomena (Sadler-Smith & Shefy, 2007).
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The combination of social, community, family, and school environments play a role in
the formation of the individual as keen responsive to phenomena of any realm.
Oppressive or suppressive environments must be responsible for keeping children from
reaching their full potential in becoming all they can be, by inhibiting or limiting the
learning experiences. This implies that with a combination of available resources in
those learning environments, as well as purposeful practices as part of the social context
and ways of life must be embedded in the child’s formation.
According to Vygotsky’s theory, “the teacher's role is mediating the child's
learning activity as they share knowledge through social interaction” (Dixon-Krauss,
1996, p. 18). Children are by nature curious and actively question how the world works
and why it behaves the way it does (Milne, 2010). Children, and most adults, are amazed
when they see a rainbow, a shooting star, the rise of the full moon and its reflection off
the water, and when plants bloom and the leaves fall. And then, some even look beyond
and wonder why the needle of a compass always points North, or how ants find their way
home. Children constantly ask Why? Later in life, more complex questions about the
world emerge; questions not only include why, but how, when, where, etc.
Unfortunately, some children are never encouraged to be curious, and those
questions are never even heard or taken into consideration by an adult or teacher, thus
sending the message that an inquisitive mind is not encouraged in our society (Runco &
Johnson, 2002). According to Runco amd Johnson (2002), while teachers commonly say
that they encourage student’s creativity, often, they stifle students’ exploration and
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creative efforts unintentionally. Moreover, the discouragement of curiosity in the
classroom often creates a sense of fear in the student about asking questions, and a
lowered level of confidence in the presence of an “expert.” Consequently, many of those
questions were never satisfactorily answered, even after many years of education.
Interactions, according to Bruner (1990), creates meaning and builds knowledge.
Furthermore, when curiosity is celebrated, and those questions encouraged, and their
search for explanations valued, those experiences become the foundation for
understanding concepts more deeply at more complex levels. As a science teacher, the
researcher strives to celebrate and encourage children’s curiosity, and scaffold science
information so that they can understand their world and become good stewards of the
natural resources of our planet.
STEAM Education and the State Standards
The generation of students growing up in the 21st century will face a new set of
challenges, as the technological and scientific innovations demand students to acquire
new skills and competencies (Bell, 2010). Teachers are expected to prepare the new
generation of students and to ensure that they are ready to participate in the projected
future jobs, career, and higher education. According to the Council of Chief State School
Officers (CCSSO) and the National Governors Association (NGA) (n.d.), the Common
Core State Standards English Language Arts & Literacy in History/Social Studies,
Science, and Technical Subjects, are (1) research and evidence based, (2) aligned with
college and work expectations, (3) rigorous, and (4) internationally benchmarked. The
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Standards are intended to be a living work: as new and better evidence emerges; the
Standards will be revised accordingly” (California Department of Education, 2013, p. 2).
According to the California Department of Education (CDE): Since 2010, several
states across the nation have adopted the same standards for English and math. These
standards are called the Common Core State Standards (CCSS). “Having the same
standards helps all students get a standard education, even if they change schools or move
to a different state. Teachers, parents, and education experts designed the standards to
prepare students for success in college and the workplace” (CDE, 2018, paragraph 2).
“Educational standards describe what students should know and be able to do in each
subject in each grade. In California, the State Board of Education decides on the
standards for all students, from kindergarten through high school” (CDE, 2013, paragraph
1, cde.ca.gov/re/cc/).
The Next Generation State Standards (NGSS) are the product of a process of
reviews by various entities and stakeholder in education, business, federal and state
governments, with the intent to provide a framework for K-12 Science Education
expectations in the US. In April 2013, after a process of multiple reviews by
stakeholders, The National Research Council (NRC) (2012), the National Science
Teachers Association (2012), the American Association for the Advancement of Science,
and Achieve (2018) completed a two-step process to develop the Next Generation
Science Standards.
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The NGSS were developed using four design teams of experts in the field of
physical science, life science, earth/space science, and engineering to develop the
framework for their respective disciplinary area. “In a process managed by Achieve,
states led the development of K–12 science standards that are rich in content and practice
and arranged in a coherent manner across disciplines and grades to provide all students an
internationally-benchmarked science education. The NGSS are based on the
Framework and will prepare students for college and careers” (NGSS Lead States, 2013,
paragraph 3).
The development of this framework began in 2011 and represent the attitudes and
expected practices of students as they learn to understand science and apply it by making
meaningful connections with knowledge of other content areas. The Lead States (2013)
NGSS three-dimensional framework includes: (1) Crosscutting Concepts (2) Disciplinary
Core Ideas, and (3) Science and Engineering Practices. Each of these dimensions are
“distinct and equally important to learning science and meeting performance expectation
of each standard to help students build a cohesive understanding of science over time”
(nextgenscience.org/three-dimensions, para. 1). A model of this three-dimensional (3-D)
framework is pictured below (figure 1), followed by a description of each of these
components.
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Figure 1. Framework for K-12 Science Education
Retrived https://www.nextgenscience.org/three-dimensions
“Crosscutting Concepts (CCs) help students explore connections across the four
domains of science which include (1) Physical Science (2) Life Science (3) Earth and
Space Science, and (4) Engineering Design. Designed this way. The relationship
between When these concepts, such as “cause and effect,” are made explicit for students,
they can help students develop a coherent and scientifically-based view of the world
around them” (nextgenscience.org/three-dimensions, 2013).
Disciplinary Core Ideas (DCIs) are key ideas in science. They are important
within or across multiple science or engineering disciplines. These core ideas build on
each other through grade levels. The following four domains shows how they are
grouped: (1) Physical Science (2) Life Science (3) Earth and Space Science and (4)
Engineering. According to the NGSS Cheat Sheet, the following are examples of
Disciplinary Core Ideas.

7
Table 1. Disciplinary Core Concepts
Physical Science
PS1: Matter and Its Interactions
PS2: Motion and Stability: Forces and Interactions
PS3: Energy
PS4: Waves and Their Applications in Technologies for Information Transfer
Earth Science
ESS1: Earth’s Place in the Universe
ESS2: Earth’s Systems
ESS3: Earth and Human Activity
Physics
ESS1: Earth’s Place in the Universe
ESS1.A: The Universe and Its Stars
ESS1.B: Earth and the Solar System
ESS1.C: The History of Planet Earth
ESS2: Earth’s Systems
ESS2.A: Earth Materials and Systems
ESS2.B: Plate Tectonics and Large-Scale System Interactions
ESS2.C: The Roles of Water in Earth’s Surface Processes
ESS2.D: Weather and Climate
ESS2.E: Biogeology
ESS3: Earth and Human Activity
Science/Engineering
ETS1: Engineering Design
ETS2: Links Among Engineering, Technology, Science, and Society
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Science and Engineering Practices describe what scientists do to investigate the
natural world and what engineers do to design and build systems. The practices better
explain and extend what is meant by “inquiry” in science and the range of cognitive,
social, and physical practices that it requires. Students engage in practices to build,
deepen, and apply their knowledge of core ideas and crosscutting concepts. According to
the NGSS Cheat Sheet, the following are examples of science and engineering practices:
Patterns, similarity, and diversity; Cause and effect; Scale, proportion and quantity;
Systems and system models; Energy and matter; Structure and function; Stability and
change.
As NGSS and the Common Core State Standards (CCSS) are being implemented,
a new approach to teaching is emerging that is changing the paradigm of science
education by integrating the Arts with the other content areas (Science, Technology,
Language and Mathematics) of the past 300 years and is referred to as the STEAM. This
approach was common to the Natural Philosophers (scientists) during the Renaissance
period men and women began exploring, but now considers the new context of a modern
technological world. This latest integration is changing the paradigm of science
education by making learning more hands on and inquiry-based (EDTECH 4 Beginners,
2017a). The STEAM Framework is pictured in figure 2.
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Figure 2. Framework for K-12 STEAM
Retreived: https://edtech4beginners.com/2017/04/24/what-is-stem-and-what-is-steam/
(EDTECH 4 Beginners, 2017b)
Statement of the Problem
The implementation of STEAM Education in accordance with the NGSS has met
with many challenges. One of the main challenges is the proper alignment of the
curriculum with the new approach described as being 3-Dimensional. In this approach,
the NGSS are described as “the focus of the science classroom to environments where
students use disciplinary core ideas, crosscutting concepts with scientific practices to
explore, examine, and explain how and why phenomena occur and to design solutions to
problems” (Shernoff, Sinha, Bressler, & Schultz, 2017, paragraph 8). According to these
authors, teachers need the resources, and proper professional development to create or
align curriculum that is adequate.
The creators of A Framework for K-12 Science Education and the NGSS
(Achieve, 2018), developed a NGSS Lesson Screener for teachers to use to determine
whether old lesson plans have adequate quality in the context of the NGSS. The Lesson
Screener contains a three-dimensional (3-D) framework referred to as. Although at first
glance the use of this document is to identify the 3-D Framework elements of the NGSS
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and then to suggest how to improve the lesson, the task is not easy. The framework
recommends that groups of teachers collaborate to improve the lessons together. The
NGSS will continue to be implemented as new proper Science curriculum is created, and
as teachers become more competent in translating the 3-dimensional approach into their
STEM and STEAM instruction (Achieve & NSTA, 2016).
Purpose and Rationale for Project
What is the relevance of a STEAM bilingual curriculum? The U.S. population
today is comprised of many races and cultures. Initially, these ethnic groups arrived on
this land from other countries, bringing with them their culture and language. However,
English has long-been regarded as the dominant and valued language (Ardner, 1975).
Multilingualism, has been present in the U.S., especially in pre-Columbian times to the
extent that “there is no part of the world with as many distinctly different native
languages as the Western Hemisphere”, but it’s estimated that “at the time of Columbus
more than 15 million speakers throughout the Western Hemisphere used more than 2,000
languages; the geographic divisions within that estimate are 300 separate tongues native
to some 1.5 million Native Americans N of Mexico” (Columbia Electronic Encyclopedia,
n.d., p. 1-5). “By the middle of the 20th century, as a result of European conquest and
settlement in the Western Hemisphere, perhaps two thirds of the many indigenous
American languages had already died out, but others flourished in recent years, some
Native groups have been trying to rescue their languages from extinction” (Columbia
Electronic Encyclopedia, n.d.). Since culture is passed through language, it is implied
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that most cultures have been lost without their language, as well (Gandara & Contreras,
2009). In the 21st century, Spanish is one of the languages spoken by more speakers than
any other language besides English in the U.S.
Therefore, a bilingual STEAM handbook is justified with the students whose first
language is Spanish, as well as for those students whose Spanish is becoming their
Second Language. The researcher intends to meet the needs of Spanish/English Learners
by designing a bilingual a Handbook that would serve as supplemental resource for
teaching STEAM in a bilingual classroom. The insight that guided this Handbook was
partially derived from my own experience teaching in a Dual Language Immersion K-8
school. STEAM education is an essential component of K-12 education, not only for
those students that will ultimately pursue higher education in a science or engineering
field but because the knowledge of STEAM education is part of everyday life, and
therefore, will be even more important in the future. History shows that the one-size-fitsall approach to K-12 education does not yield the equal outcomes desired (Reardon,
2013). Differentiation needs to occur particularly for English Learners.
Guiding Research Questions for Handbook
Two overarching questions guided the design of this Bilingual STEAM
Handbook: (1) What does it take to design effective STEAM curriculum for Bilingual
Education? (2) How can educators encourage the natural curiosity and creativity in
children to facilitate a life-long pursuit and quest for knowledge and truth?
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Limitations of the Handbook
The lessons included in the Handbook represent only a portion of all the content
areas of a STEAM program, and the teacher is responsible for making sure that the
objectives and expectations are met according to grade level Standard. I made arbitrary
decisions on the topics presented in this Handbook based on personal preference within a
particular area. Thus, these lessons do not represent the complete STEAM content
expectations of any educational program and are only to be used as supplemental to the
prescribed curriculum. Another potential limitation is that depending on the level of
bilingual proficiency of the teacher, and their familiarity with the science topic, the
lessons might not accomplish the intended results. Furthermore, the background
information of the lessons is mostly given in English, assuming the teacher is bilingual in
a bilingual school, or monolingual in English teaching EL students with Spanish being
the home language. Finally, there was not enough time during this project to test all the
lessons in a real educational context, especially in the Spiral mode as intended.
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Chapter Two
REVIEW OF THE LITERATURE
Overview
The purpose of this chapter will be to provide the background for this project,
particularly focusing on Two-Way Dual Language Immersion programs, the new models
increasingly being used to promote bilingualism and biliteracy across the U.S. and in
other countries. The two major themes which emerged from this research include: (1)
Legislations Impacting Bilingual Education (2) The Benefits of Bilingualism.
In the United States, some teachers and parents in the last century believed that
teaching a child a second language was harmful to their cognitive development. Some
believed that children would grow up speaking English with an accent, and teaching and
learning content in a language other than English has caused controversy for many years
with many people believing that it would be confusing for students if content area was not
taught in English. Even pediatricians tried to convince parents not to have their children
in bilingual learning settings at a young age. Teachers also recommended parents to speak
English to the child at home, even when the parents were not proficient in English
themselves. However, being bilingual is increasingly being seen as a value in education as
opposed to a deficit. Consequently, science and math can now be taught in a language other
than English (Gandara & Contreras, 2009).
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Legislations Impacting Bilingual Education
In the United States throughout the last century, teaching in a language other than
English in the U.S. has been met with great opposition and debate. Initially in Nebraska,
a community of German parents attempted to teach their children in their primary
language, English-Only law of 1919 prevented them. The Supreme Court ruled in their
favor (Meyer vs. Nebraska, 1923), but implementation of bilingual schools lasted only a
short time. The state of Texas got in a long debate over using Spanish in schools. In
California, the passing of Legislation 227 in 1998 banned bilingual education. Before
227, there had been two Legislations that impacted the communities and families of
English Learners when California passed Propositions 187, and 209 also in the mid
1990’s (Gandara & Contreras, 2009). In recent years, legislators and stakeholders in
education at the National level have drafted new legislations and documents to improve
the quality of education of all students across all content areas. The Common Core State
Standards (CCSS) and the Next Generation Science Standards (NGSS) are being
implemented across the nation to make education more standardized within states, and at
the international level.
The results of past legislations that subtracted value from Bilingual Education,
instead of adding value, did not close the achievement gap either. The new Educational
Legislation (Proposition 58), or best known as the English Learner Roadmap offers hope
for the future of more than 1.3 million EL students in California. The ELs will benefit by
being able to use their home language for learning content area as they become proficient
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in English. No longer students should feel afraid or at risk of losing their limited rights,
whih is not an environment conducive to learning either (Hurtado & Carter, 1997).
In 2002, the Federal government mandated the No Child Left Behind (NCLB) Act
which lasted until 2015 when the law was replaced by Every Child Succeeds Act
(ESSA). It was under this last Act that Common Core State Standards was also created.
According to the U.S. Department of Education
NCLB represented a significant step forward for our nation’s children in many
respects, particularly as it shined a light on where students were making progress
and where they needed additional support, regardless of race, income, zip code,
disability, home language, or background. NCLB’s prescriptive requirements
became increasingly unworkable for schools and educators. Recognizing this fact,
in 2010, the Obama administration joined a call from educators and families to
create a better law that focused on the clear goal of fully preparing all students for
success in college and careers (U.S. Department of Education 2018, para. 4).
According to the California Department of Education (CDE), “in 2012, the
Obama administration began granting flexibility to states regarding specific requirements
of NCLB in exchange for rigorous and comprehensive state- developed plans designed to
close achievement gaps, increase equity, improve the quality of instruction, and increase
outcomes for all students” (CDE, 2017, p. 1).
In 2016 the English Learner (EL) Roadmap Workgroup was appointed by the
State Superintendent of Public Instruction. “The mission of the EL Roadmap is that
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California schools affirm, welcome and respond to a diverse range of ELs strengths,
needs and identities. California schools prepare graduates with the linguistic, academic
and social skills and competencies they require for college, career and civic participation
in a global, diverse and multilingual world, thus ensuring a thriving future for California”
(CDE, 2017, p. 1). One of the statements of the vision of the EL Roadmap is the change
of attitude toward bilingualism, which is very different from previous legislations that
discouraged multilingualism.
According to the California Department of Education, the “opportunity to develop
proficiency in multiple languages” is a challenge for both the teacher and the student
(CDE 2017, p. 1). However, the long-term vision of this EL Roadmap is that by allowing
Els full access to the curriculum, they will become proficient in all grade levels in two
languages, and at higher levels of mastery than their English-only counterparts (CDE,
2017). There are four principles which underscore the vision of the EL Roadmap and
they are each delineated in Table 2.
Table 2. EL Roadmap Principles
Principle

EL Roadmap Value

1

Assets-Oriented and Needs-Responsive Schools

2

Intellectual Quality of Instruction and Meaningful Access

3

System Conditions that Support Effectiveness

4

Alignment and Articulation Within and Across Systems
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This vision of the EL Roadmap resonates with the purpose and vision of an educator in a
Dual Language Immersion school.
The Benefits of Bilingualism
The benefits of bilingualism and biliteracy go beyond the skill of language
competence, as Research indicates that it may even have lasting positive health effects at
the neurological level. In fact, psychologist and Clinical Language Scientist Ellen
Bialystok et al. (2005) affirms that “being actively bilingual reshapes our minds and brains
throughout our lifespan” in the way that walking on the sand at the beach leaves a track of
footprints, or the tracks of skies on snow, the more it’s used the faster the tracks get. The
idea of neuroplasticity is that the brain can be shaped and molded by our experiences.
Bialystok (2015) affirms that among many experiences that enhance cognition
through neuroplasticity, such as Musical training, Education, Aerobic exercise, being
bilingual is the ultimate example of an activity that improves cognition through
neuroplasticity.
Bialystok (2015) found other distince differences between monolinguals and
bilinguals. For example, bilinguals are more likely to have a smaller have vocabulary
repertory, which explains why on average it takes them longer to retrieve information.
Likewise, due to second language interference it takes bilinguals more time than it does
monolinguals, according to Bialystok (2015). These facts, for some might be viewed as
disadvantages. However, her main argument for bilingualism is the benefits of
bilingualism not only in short-term, but in long term. Bialystok et al. (2005) found that
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when people navigate and negotiate meaning between two languages, proficiency in the
subject of conversation becomes higher. This also has implications in education,
assessment, curriculum, and perhaps state testing is balanced or fair.
Furthermore, Bialystok, Craik, and Luk (2008) concluded based on experiments
done on adult bilinguals, that bilingualism prevents or delays brain atrophy, a condition
that might manifests itself as dementia and Alzheimer’s disease. This means that
bilingualism may serve as a protective factor from memory loss and communication
(Bialystok, 2015). This and other studies estimate that a bilingual person can delay the
symptoms or onset of dementia by four-five years. One fact that can be included is, that
in the context of the benefits to the brain, being bilingual does not necessarily mean to be
fully proficient. And, there are many other benefits of being bilingual than just having a
healthier brain. It is also valuable to be able to understand the culture, the music, and
some aspects of intricate ways of thinking or doing which are shared experiences
conveyed through language.
Conclusion
The Review of the Literature shows various themes relevant to the need for
bilingual STEAM curriculum and its implications in light of the Next Generation Science
Standards, and the the Common Core State Standards. One theme that was relevant was
the challenge for teachers and districts to carry on the mission of implementation of the
NGSS along with the CCSS. Bilingual Education in California, for more than two
decades was not encouraged due to the politics existing sing the 1990’s put in place with
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intent to promote English-only education through the passing of Proposition 227. With
Proposition 58, the EL Roadmap, replacing 227, a new vision in on the horizon.
Multilingualism now being valued and desirable as part of the education of the new
Generation of students.
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Chapter Three
DEVELOPMENT OF THE PROJECT
A Bilingual STEAM Handbook
Given that the development of scientific discourse and bilingualism are highly
valued in the context of 21st century, the researcher designed a STEAM Handbook in
both English and Spanish, so teachers can use as supplemental lessons to promote
language development of English Learners of Spanish background, or Spanish Learners
from English background. The STEAM curriculum across the grades is comprised of a
very large volume of content material that takes years to explore and get covered.
Designing a Handbook that covers every topic and concept in science is beyond the scope
of this project. However, it is expected that this Handbook will assist in the teaching of
some common topics and help teach some fundamental concepts.
Guiding Research Questions for Handbook
Two overarching questions guided the design of this Bilingual STEAM
Handbook: (1) What does it take to create effective STEAM curriculum for Bilingual
Education? (2) How can educators encourage the natural curiosity and creativity in
children to facilitate a life-long pursuit and quest for knowledge and truth? Through an
examination of these standards and considering the current STEAM curriculum, this
Handbook is expected to serve as a supplemental STEAM curriculum, especially in the
setting of a bilingual classroom at the Elementary and higher level. There are many
possibilities for drafting a set of STEAM lessons that would cover the fundamental
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Science ideas and concepts derived from the NGSS and the Common Core State
Standards. The lessons in this Handbook were derived from ideas and concepts of
physical phenomena connecting Language Arts in two languages (Spanish and English),
Social Science, as well as aspects of creative expression when appropriate.
Target Population and Setting for Handbook
This project is intended to be of relevance to STEAM teaching settings. Since the
author is a teacher of a 3rd grade class in a Two-Way or Dual Immersion elementary
school, the author’s perspective might be based on that level of literacy acquired (in a
bilingual setting), and development (cognitive, education background, and skills expected
at 8-9 years of age). One of the reasons is that at this grade students are transitioning
from “learning to read to reading to learn” and new expectations and more complex skills
will be required from this point onward. Additionally, since the vocabulary and basic
concepts are often the foundation to more complex ideas in the higher grades, this
handbook can also serve as a bilingual reference for vocabulary and basic concepts across
the elementary grades and beyond.
Handbook Design
Spiraled Curriculum
The path towards understanding science is best paved when children’s natural
curiosity and creativity are celebrated, and scaffolding by teachers and families are
provided (Runco & Johnson, 2010). Scaffolding, according to Vygotsky (1978), through
clarification, guided instruction, etc., helps students to move from what he referred to as
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the Zone of Proximal Development (ZPD) to a deeper understanding of the subject
matter, especially when the subject matter is of interest to the child. These tenents are
central to academic achievement and for the confidence needed to pursue science.
Therefore, the author envisions a set of lessons that represent the foundation for a
STEAM curriculum program in Spiral mode where possible. For example: One of the
first lessons introduced is related to the concepts of measurements, scale, quantities, and
units, which are foundational to STEAM education. The three-dimensional NGSS
elements applied to the content being tough, are the Science and Engineering Practices
(SEP), by making connections to the real world and designing a solution. The
Crosscutting Concepts (CCC) is applied to connect the various disciplines, and the
Disciplinary Core Ideas. Through an inquiry or project-based learning is a way to start
planning the lesson. Asking to compare quantities and dimensions of things, both using
tools and to some extent, conceptual thought experiments. In physical science, the topic
that is traditionally introduced first is Motion, and Forces. Then it is logical to introduce
the concepts of Energy and Conservation Laws. Seems like just those two topics can be
developed in layers or spiral mode to various degrees of conceptual and mathematical
mastery.
Meaningful Connections
The researcher envisioned a holistic and multidisciplinary approach to the
curriculum that links a variety of fields of study and life contexts relevant to the student.
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Research by Bruner (1990) indicate that optimum learning takes place when children
make connections between the content standards and the real world, to the lives of the
students, and the context of their environment. Hence, the inquiry questions about
physical phenomena were designed with students’ lives and their context in mind, while
at the same time in accord with the NGSS, the Common Core Standards, and the State
Science Standards. For example, the study of Waves and Sound can be designed using
prior knowledge, models, demonstrations, etc., of musical instruments and how they
produce sound and create different waves (longitudinal, transverse, electromagnetic, etc.).
Then it can be tied to the community, as a social issue. For example, sound, besides
being pleasant as in music and human voice, can also be noise that pollutes the
environment, like the sound of a train going through the community. It also has
implications with health issues, hearing loss, etc. There are many possible ways to
approach this topic and helping students make connection, while at the same time
teaching the content objectives from the standards.
Fluids is one topic that, in the author’s opinion and personal experience, seems to
be neglected in the lower grades even when the concepts are part of everyday life and the
ideas lend themselves to the design of fun experiments and exploration of everyday
phenomena. Archimedes’ Principle can be introduced using activities in which students
use a toy or build a model and test it in a container of water.

Pascal’s Principle, for

example, can be learned through similar activity. Since air is considered a fluid, students
can design models to understand aspects of the air as a fluid, using models of parachutes,
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paper airplanes, kites, etc. Temperature and Heat makes always a relevant topic with
infinite applications and ways to connect phenomena with the NGSS and CCSS Common
Core State Standards. This also has implications with Environmental issues, Ecosystems,
Social and Political issues, chemistry, Engineering, Technology, and Life Science in
general.
Sound, Waves, and Musical Acoustics is a topic that has many approaches and
connection to everyday natural phenomena, to the environment, health, music, language,
technology, and Math. For example: concepts of periodical systems, sinusoidal waves,
trigonometric functions. Pythagorean math models related to music notes can be made to
explore pitch, frequency, and the sequence of notes that make scales in music.
Furthermore, sound in everyday life is vibrations of air and can make a great introduction
to the nature of matter as it relates to particles in motion and the physiological aspect of
hearing involved. Finally, Electricity and Magnetism, magnetic and electromagnetic
Waves, electrical circuits, can be presented as both, hands-on and abstract concepts of
nature with many applications and connections to all the disciplines of STEAM.
The mathematical models of the above concepts follow the interactive exploration
of the concepts, and the hands-on activities after students gain a conceptual
understanding and feel comfortable and confident to some extent and may be motivated
to pursue a deeper understanding of the natural phenomena. Furthermore, in the context
of Bilingual Education, students will have the opportunity to use language to explain their
experiences and by doing so, naming the phenomena with the appropriate vocabulary.
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Biographies and the “Science Heroes” Theme
Historical characters from science are not studied enough in connection with the
discovery or invention that impacted society. There are names of Science Heroes that are
only mentioned in the context of specialized scientific laws and mathematical theorems,
but that are deserving of being recognized and admired. Reflecting about my personal
journey in the pursuit of learning about the world, and natural phenomena, I have realized
the influence that biographies have had to inspire and to make a more personal
connection with the discoveries or inventions made by those Science characters that have
become my Science Heroes; names such as, Galileo Galilei, Leonardo Da Vinci, Isaac
Newton, Gottfried Leibniz, Leonhard Euler, Marie and Pierre Curie, Albert Einstein,
Dmitri Mendeleev, Nikola Tesla, and Richard Feynman are just a few of those Science
Heroes students will benefit greatly from studying., and consequently became a
prominent theme in this Handbook.
The multidisciplinary STEAM curriculum in this bilingual Handbook makes use
of biographical and historical facts to guide the inquiry-based lessons into the exploration
and understanding of foundational concepts in some topics of physics and physical
science with the intention to encourage reading, writing, discussion, and collaboration.
Some of the lessons presented in this Handbook is based on the quote attributed to Isaac
Newton: “If I have seen further it is by standing on the shoulders of Giants,” referring to
the fact that scientific and mathematical knowledge builds upon the discoveries of others.
Furthermore, even the great scientist Isaac Newton acknowledged that he looked up at
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other scientists before him. These lessons emphasize certain knowledge that we
sometimes might take for granted, but it exists because one of those Science Heroes had
that first idea or worked hard to develop. A few Science Heroes are studied in this
Handbook to help students make connections between the historical events and context of
their lives, and the impact of their discovery or invention. In addition to making
connections to History, this approach is intended to effectively promote literacy (reading,
writing, speaking), comprehension, and critical thinking skills.
Critical Thinking
Most of the lessons topics can also be guided to have implications with
Environmental issues, Ecosystems, Social and Political issues, Chemistry, Engineering,
Technology, and Life Science in general. One of my favorite topics in the Handbook is
Sound related to Musical Acoustics. It has many applications and connections to
everyday natural phenomena and its connection to the environment, health, music,
language, technology, and Math. Sound can be used as a topic relevant both relevant to
STEAM and the NGSS components when studied from various perspectives. It contains
both practical connections as well as concepts related to every content are of STEAM as
well as NGSS various elements such as creating models, scientific investigation,
analyzing a system, aspects of energy conservation, mathematical models, cause and
effect, etc.
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Conclusion
This chapter is about the structure of the handbook, the guiding questions in the
process of researching and designing the project and gives information on some of the
topics to expect in the lessons of the handbook. The researcher designed a STEAM
Handbook in both English and Spanish to help teachers facilitate lessons related to
various topics in the bilingual STEAM classroom from an inquiry perspective. Some
lessons make use of biographies of “Science Heroes” to connect history and society to
science, engineering, and mathematical ideas that expanded scientific knowledge and
impacted the world. The STEAM curriculum across the grades is comprised of a very
large volume of content material that takes years to explore and get covered. The idea of
this handbook is to be able to revisit the lessons at different levels of complexity in a
spiral mode.
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Chapter Four
DISCUSSIONS AND RECOMMENDATIONS
Discussions
This project represents an attempt to understand how to create a curriculum for
STEAM Education using the 3-dimensional framework of the NGSS, Science and
Engineering Practices (SEP), Disciplinary Core Ideas (DCIs), and Crosscutting Concepts
(CCCs), with the purpose of helping students make sense of natural phenomena or
designing of solutions. Creating curriculum for a bilingual classroom of diverse,
multilingual students, represents yet another level of complexity. The NGSS authorities
prescribe a process consisting of various steps as necessary to either create new lesson
consistent with the NGSS, or to connect the standards to old lessons using the NGSS
Lesson Screener. Furthermore, another process is recommended to evaluate the design of
new lessons and units called The EQuiP Rubric for Science. And in the case of
evaluating full curricula or complete instructional programs, the Primary Evaluation of
Essential Criteria (PEEC) should be used (Achieve, 2018). The NGSS Framework
recommends that lessons should contain elements of the three dimensions. The lessons in
books and manuals dated pre NGSS, need to be screened according to the six categories
mentioned on the NGSS Lesson Screener to gain potential acceptance to be considered
adequate. Since knowledge transfers in any language, the fact that the lessons of this
handbook can be taught in either or both languages should not affect results, but it adds
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one more level of complexity to the design. A lesson can be taught the same way in any
of the two languages, although the background of the lesson is primarily given in English.
How does the implementation of the NGSS impact the academic achievement of
the English Learners? Through the implementation of the NGSS the English Learners,
will have more opportunity to show their understanding by using models, and designs to
solutions to problems, without relying solely on spoken and written language as is
common in traditional assessment approach. However, the literature shows that
implementation of the NGSS will continue to be a challenge because it is not easy to find
curricula that is created for NGSS, and many teachers have not been trained appropriately
to give them the tools to evaluate curricula and instructional programs to make sure they
are adequately aligned with the standard and the three-dimensional elements of NGS.
Literature shows that there has not been enough preparation for teachers to make sure the
NGSS are implemented properly. Furthermore, studies show that even with Professional
Development being provided to teachers and those who create curricula, there are
misunderstandings and incomplete understanding of what it takes to either align old
lesson plans or create new curricula that is adequate for STEAM instruction in
accordance with the NGSS.
Some states have not adopted the NGSS and those that have, will continue facing
challenges. Furthermore, preparing STEAM lessons to meet the needs of the English
Learners, represents an extra level of complexity. The present Handbook is still the
product of someone who was taught in the traditional way, and more insight and
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experience are needed to refine the lessons to be more consistent with the Next
Generations State Standards three-dimensional approach.
This Handbook can be useful as part of the introductory content material for
students in the 3rd and upper grades, especially in a “Spiral Curriculum Model” which
revisits the same topics at developmental stages and adds more complexity at every level
consistent with grade band State Standards. My rationale for using 3rd grade instead of
lower grades is based on Jerome Bruner and Jean Piaget’s theories. Bruner (1990)
suggests that development is achieved through meaningful interactions with others and
the environment (which I interpret as ability to understand natural phenomena). These are
reflected in Piaget’s (1970) following stages: Sensory Motor (Birth to 2 years), Preoperational (2-7 years), Concrete Operational (7-11years), Formal Operational (11 to
adult). Likewise, Bruner (1990) suggests the concept of Symbolic Representation which
is expressed as language, Math, music (abstract symbols that hold meaning). Teachers
more experienced and insightful, might be able to modify the lessons for lower grade
levels.
Limitations of the Handbook
One of the limitations of this Handbook for STEAM curriculum is that most
lessons are derived from Physics and Physical Science content and less focused on Life
Science. This is due to the researcher’s background being mostly in Physic. Some topics
exposed here might have connections to other content areas when looked from another
perspective.
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The researcher is still exploring the most effective way to include all of the
dimensions and practices from the NGSS. It will be a challenge to apply the practices
and framework of the NGSS appropriately to all the topics included in this Handbook.
The NGSS although ambitious it has its limitations. It requires teachers to be retrained to
understand the purpose and overall big picture. Since STEAM has many topics, only a
handful are represented in this Handbook; either for personal interests, or because I
believe it is necessary based on the Standards expectations. The way to assess and grade
open-ended inquiry questions is another challenge, especially for a new teacher as I have
experienced working on this handbook. Additionally, due to limited space and time, the
lessons included here will have to depend on an external source, the textbook, internet
sites, other books, magazines, videos. This task will be left to the discretion of the
teacher, depending on the resources that are available.
Another limitation of this project has to do with limited references to “high tech”
instruments other than recommending the use of appropriate internet websites, and other
sources based on the given topic. The scope of this project focuses on open-ended
questions related to experience and every day interactions with nature. The questions are
meant to aid in guiding meaningful interactions among students about a topic. In order to
make it a more significant experience, according to the NGSS, there might be a need for a
hands-on activity and appropriate strategies dependent on the context of the classroom.
The researcher is aware that the use of technology in STEAM is essential. It is
also inevitable that as time progresses the demand for new technology and instruments to
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be integrated into teaching will be greater. But in the context of this project, little was
done to incorporate technology and instruments beyond ordinary hand tools. The
researcher’s next goal is to become more familiarized with the way technology can be
efficiently integrated in the STEAM classroom.
Recommendations on Using the Handbook
The teacher needs to evaluate the lesson and leave or take out sections that are not
relevant to the grade level being taught. The lessons in the handbook are designed with a
series of activities in both English and Spanish. The inquiry questions are given in both
languages side to side with the intent to make it easy for the teacher to guide the activity
even when proficiency in any of the languages is somewhat limited. The background of
the lessons is usually written in English, but the instructions are given in both languages.
Although it’s assumed that a teacher without having to be proficient in Spanish would be
able to guide the lessons, to teach the lesson in Spanish without being proficient in
English might be more difficult to access all the information presented in the
introduction. It is recommended that the teacher finds appropriate sources that would aid
the process of teaching that lessons.
STEAM in the context of the NGSS suggests that learning and teaching about
science includes inquiry, integrations of content from more than one disciplines (CCC)
and incorporating Science and Engineering Practices (SEP). The teacher in this context
is more than just a Lab facilitator. The lessons in this handbook can be used in
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combination with an experiment on the topic from a traditional laboratory experiment to
explore another perspective or to make connections with other subject matter.
The use of this Handbook requires an external source besides drawing from
students’ prior knowledge and experience with phenomena. Since the scope of these
lessons is limited in space and time, the practical way to use these lessons are combining
both the students’ input based on prior knowledge, and the input of the teacher. The
external source in the form of a book, textbook, encyclopedia, or more simply internet
website will be the means for finding the recommended biography or the science heroes,
or ideas about the topic that will help expanding those interactions in the inquiry
activities.
If the teacher using this Handbook decides to extend the lessons to the use of
instruments and technology, there are vendors such as (PASCO, Vernier, Arbor
Scientific, etc..) which specialize in designing fun interactive toys, accessories for
Science Experiments, and more technologically advanced instruments equipped with
sensors, and software to make scientific, engineering, and mathematical, simulations and
models. The NGSS emphasizes the use of technology. However, a conceptual approach
to teaching draws from the students’ prior knowledge, making it relevant to their lives.
Furthermore, teaching STEAM in a bilingual context provides the opportunity for
meaningful interactions; it also integrates the practice of reading, writing, and speaking
that reinforce and expand the students’ linguistic science repertory in both languages.
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Another recommendation in regard to external sources necessary for the execution
of some of the lessons can include: the school library and librarian, biographies books
that include our science heroes, science encyclopedias, museums, the nearest
Exploratorium, appropriate internet websites intended for education such as those
promoted by government agencies focused on science and technology. Among many
others, in the researcher’s opinion, NASA provides everyday updates on space science
endeavors. Children of all ages can be exposed to the information gathered everyday
about the solar system explorations, the photos of the sun’s dark spots and flares that
continually change, (warning to teacher: never encourage students to look directly at the
sun. Those photos are taken with cameras and telescopes using special filters). NASA
also provides views of the earth from the International Space Station along with real-time
work being done by astronauts at the station. The Hubble Space telescope provides
photos of objects beyond the solar system. Students can view the photos of
constellations, galaxies, gas nebulas, stars, taken with different filters that reflect the
energy, or matter composition of different parts in the universe. Other sources found on
the internet: The National Academy of Science, National Geographic, NOVA.
Finally, the researcher came across some new technology, toys, and instruments
to use in the STEAM classroom for demonstrations, experiments, and simulations. The
integrations of technology are part of the STEAM curriculum, and the NGSS emphasizes
that engineering and technology practices need to be part of the science, as well as the
math curriculum. However, in the case when there is no budget for instruments, a

35

smartphone can be used as an aid for science experiments of various kinds. There are
applications for a tablet or smartphone that are inexpensive and can help to incorporate
aspects of technology. For instance, there are some applications that measure oscillations
on a pendulum, detect heat or other kinds of radiation, measure speed, to track the
position of stars and planets, and as a Global Positioning System (GPS), among many
other new applications that are being developed.
Recommendations for Further Research
Combining all the elements of the NGSS, plus the linguistic demands in a setting
of diverse students is challenging. More research is recommended on how to design
multilingual curriculum that helps students from any language background, any minority
group and socio-economic background. Research shows that assessment in the setting of
another language is not adequate for all minority students due to the variations of
language and culture. It is considered unfair to some extent to use one dialect or even to
use a standard language and impose it to a sector of a population without acknowledging
their own. More research is recommended regarding appropriate differentiation in order
to serve the students at various stages, and those from disadvantaged communities.
Classroom Action Research is recommended as a way to understand Students
from Low SES communities with the purpose to empower them. The NGSS offer a
framework for teachers to become more creative in the way they assess and help students
from these communities. More resources will be needed to bridge the gap.
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The Handbook and the product of this research are only one source that represents
a way to design curriculum for students in a bilingual classroom. It is recommended that
every teacher find the best strategies and best practices continually to meet the needs of
the students. The needs of students and their community will always be there to some
extent, and teacher action from the classroom through thoughtful curriculum design and
use can make a difference. Advocacy for the students, and solidarity with students and
the communities will help empower and transform the classroom and community (Freire,
1970).
Finally, through collaboration teachers can be more effective in the evaluation and
design of lesson plans. Classroom Action Research can be used not only to find out more
about ways to serve students better, but also as an approach to facilitate collaboration
with other teachers. Literature suggests that Meaning-making and sense-making take
place through meaningful interactions. The lessons in this handbook can be modified and
improved to fit the particular context of the class and grade level. Collaboration among
teachers with different strengths, backgrounds, and language proficiency is encouraged in
planning or teaching in a bilingual classroom.
Conclusion
This chapter included a discussion about the project, its limitations,
recommendations on how to use the handbook, and recommendations for further
research. STEAM Education in accordance with the NGSS, suggests that new curriculum
needs to be created or that old STEM lessons be aligned to the three-dimensional
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framework to include Science and Engineering Practices (SEP), Disciplinary Core Ideas
(DCIs), and Crosscutting Concepts (CCCs). New curriculum that meets the NGSS
expectations is not widely available, but old lesson plans can be modified to align with
the three-D framework by using the NGSS Lesson Screener.
Some limitations of this project include: The lessons in the handbook are only a
small portion of what a STEAM content. Also, the lessons are for the most part focused
on Physics or Physical Science. Furthermore, the background of the lessons is given
primarily in English, although every question and comment within the lesson is in both
Spanish and English.
Some of the lessons in the handbook require searching for information on a given
topic. Internet sources are suggested if the technology is available. However, the use of
Encyclopedias, the library, or textbooks can be used to investigate about the topic. High
emphasis is given on learning about the life of particular scientists or inventors that
impacted the world with their ideas.
Furthermore, recommendations on further research are given in the chapter. More
in-depth research on how to align the instruction of STEAM is recommended. Also,
Classroom Action Research is recommended to learn about the students’ community and
needs is recommended to better connect the lessons to their lives, and to facilitate
collaboration among teachers for more effective teaching.
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HANDBOOK
STEAM CURRICULUM IN A BILINGUAL SETTING
User’s Guide
Overview of the Handbook
This handbook is to be used as a supplemental resource to the K-12 Science, Technology,
Engineering, Arts, and Mathematics (STEAM) curriculum.
The handbook consists of 4 Units based on ideas from Physics, Physical Science,
Mathematics, Astronomy, and Language Arts. The lessons can be modified for grades 312 depending on objectives and/or grade level Standards. The Next Generation Science
standards (NGSS) are taken in consideration. The lessons are designed from an Inquiry
and Project-Based Instruction perspective.
It is expected that at least one STEAM lesson from each unit can be integrated with
Language Arts in the Bilingual context using essays or written reports, designing
PowerPoint or Poster presentations. In addition, to satisfy 21st century competencies, it is
encouraged to have students keep a daily journal of their science experiences, especially
as a way to keep track of observations, ideas, facts, and connections made during
STEAM activities. The goal of STEAM is to introduce students to those Practices that
are common to Scientists and Engineers in the real world as they identify problems,
design solutions to problems, create models, and form a community in which they share
findings, and collaborate with others in that community.
Project-Based Learning Lessons are designed with activities that relate to students’ lives,
and with themes relevant to their community such as issues related to social justice.
Project-Based activities lend themselves to include participation of students’ families,
neighbors, experts in a field or issue that students are trying to solve. For example, one
of the lessons brings up the issue of drinking water being contaminated with Lead or
other minerals that pose a threat to students’ health and those living in their community.
In that lesson, the teacher and the students form a community of researchers and agents of
change to inform and find possible solutions to the problem. In the process, the students
can plan a visit to the source of water or invite an expert to share with them in the
classroom. If a lesson is planned around the issue of Energy use and production, the
students can interview with a Local “LEAD” architect or take a field trip to the SMUD
facilities when they have exhibits that show how to use energy more efficiently.
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Another theme in this Handbook is related to “Science Heroes.” The intention for these
lessons is to introduce those fundamental ideas of science and the characters from history
that first had those ideas and to have students imagine what life was like before and how
those ideas transformed the world. These lessons on “Science Heroes” can also be
approached as Inquiry or Project-Based by planning a visit to a Museum, and
Exploratorium, or a site related to either the science discovery or invention in addition to
opportunities for hands-on activities and models. A list of possible “Science Heroes”
Bibliographies, both of scientists and inventors, will be suggested in case the teacher
finds this approach effective and appropriate for the context of his or her classroom.
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Letter to the Teacher,
The author designed the handbook with the insights he acquired both as a teacher
with the hope that this Bilingual STEAM Handbook serves its purpose of helping
teachers guide students to some enjoyable and enduring physical science
experience. STEAM education is an essential component of K-12 education, not only for
those students that will ultimately pursue higher education in a science or engineering
field but because the knowledge of STEAM education is part of everyday life, and
therefore, will be even more important in the future. While there is already an abundant
number of resources for both the science and on the bilingual component of STEAM
curriculum, this Handbook is intended to none. However, as a science teacher at a K-8
Dual Immersion school, and as based on his own experience of navigating the
educational system as an EL, the author strives to celebrate and encourage children’s
curiosity, and scaffold science information so that students can better understand their
world and become good stewards of the the natural resources of our planet. This
Handbook, then is to provide additional opportunities for teachers to explore topics
presented in this Handbook further and provide an alternative or supplementary lesson to
support ELs and students in bilingual education setting, with English and Spanish
language partners, thereby maximizing the STEAM competencies.
The curriculum was designed to be aligned with both the Next Generation Science
Standards (NGSS) and the Science, Technology, Engineering, Arts, and Mathematics
(STEM) Frameworks. The lessons are intended to offer a spiraled curriculum to embrace
Vygotksy’s (1996) belief that children learn best, and more deeply about content
concepts and at more complex levels. Throughout the Handbook, opportunities to make
meaningful connects to historical events, scientific phenomenon, and math concepts. The
lessons can be adjusted based on the grade or cognitive or language ability, as can some
of the rubrics for assessing performance expectations.
Sincerely,
Javier Murrillo Lujano
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STEAM UNIT I: LESSON 1
Science, Technology, and Engineering:
How Great Ideas Change the World
Purpose of Lesson: This lesson was designed to be used as an introductory lesson to set
the stage for a discussion on various topics in science, technology, engineering, and
society. The purpose of the lessons is: (1) To introduce students to the various topics
related to STEAM. (2) Assess students background knowledge to plan or modify future
STEAM lessons based on students’ interests and level of knowledge.
Aligned with Standards:
NGSS Dimension 1: Science and Engineering Practices
Planning and carrying out investigations.
NGSS Dimension 2: Cross Cutting Concepts
Cause and effect; Scale, proportion and quantity.
NGSS Dimension 3: Disciplinary Core Ideas:
ETS2: Links Among Engineering, Technology, Science and Society.
ETS2B: Influence of Engineering, Technology, and Science on Society and the Natural
World.
Objective: By investigating how the
technological advances of the present
were impacted by previously invented
discoveries in science and technology,
students learn that behind every creation,
such as a car, a pencil, or a television,
there was an idea and a scientific process
that was involved in the invention.

Objetivo: Los estudiantes aprenden a
hacer conexiones entre Ingeniería,
Tecnología, y Ciencia por medio de la
investigación de los avances presentes y
cómo la sociedad fue impactada por los
descubrimientos científicos e
invenciones tecnológicas.
Los estudiantes aprenden que tras algo
que ha sido creado, tal como un lápiz, o
una televisión, hubo una idea y un
proceso para inventarlo.
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Activity 1: Introduction
English
Group Discussion:
Instruct students think of what
technological advances they can recognize
in the classroom, or at home and make a
list of those items or ideas.
Inquiry questions: How inventions and
ideas help society? What would the world
be like without a particular invention or
idea (scientific discovery)? Which
inventions or discovery are the most
important? Depending on grade level, ask:
What would the world be like without
electricity? Or What would the world be
like without paper? Is it possible to live
without telephone, or computers, cars,
airplanes, air conditioning, etc? How did
all these inventions come about?

Español
La Introducción
Actividad 1: Discusión en grupo
Haga que los estudiantes identifiquen
inventos tecnológicos, o ideas
científicas que son parte de su entorno,
ya sea en el salón de clases o en su
casa.
Pregunta para investigar: Cómo los
inventos y las ideas científicas ayudan
a la sociedad? Cómo crees que fuera
el mundo sin los inventos presents?
Cuáles inventos son de suma
importancia para la sobrevivencia?
Cómo sería el mundo sin electricidad?
Qué pasaría si ho hubiera papel,
televisión, computadoras, o teléfono?
Cómo surgieron esos inventos?

Writing Activity:
Instruct students to write on their Science
Journal.Using their STEAM journal or a
worksheet, students identify the inventions
or discoveries they can identify or recall.

Escriban: Diga a los estudiantes que
escriban en su Diario de STEAM
(Cuaderno de Ciencia) una lista de
inventos, o ideas científicas que hay a
su alrededor.

Collaboration:
Permit students to partner with another
student to brainstorm together or share
with one another.

Grupos: Lo pueden hacer en parejas o
grupos pequeños. También pueden
usar organizadores gráficos tales como
red de palabras y hacer una lluvia de
ideas en grupos.
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Activity 2

Actividad 2

Chronological Organizing:
Investigate and organize ideas in
chronological order and level of
importance.

Organización Investigación y
organización de ideas en una gráfica en
orden de importancia.

Writing Activity:
Using the brainstorming and list of
inventions and or scientific discoveries
from the STEAM Journal, instruct students
to organize the entries in a chronological
order and emphasise the important that was
in relation to other inventions or ideas.
Vocabulary to explain or look up:
chronological order

Escriben: Usando la lista de inventos
o ideas científicas en su Diario o
cuaderno de ciencia, diga a los
estudiantes que organicen en orden
cronológico cada invento.
Vocabulario para explicar o buscar:
orden cronológico.
Diga a los estudiantes que en una
nueva página hagan una gráfica de
inventos a través del tiempo.

Graphic Organizer:
Instruct students to use a graphic organizer,
such as the one provided to represent the
inventions and inventors through time and
describe the level of importance in society.

Organizador Gráfico: En el
organizador gráfico los estudiantes
representan los inventos y sus
inventores a través del tiempo y
describen su nivel de importancia para
la sociedad.

The Challenge: (Individually or in Pairs)

El Reto: (Individual o en pareja)

1.

Pick one invention or scientific
discovery that you find relevant or
that you are curious about.

2. Research the science principle that
made that possible, or if it’s a
discovery, research what it’s about,
and how it’s applied.
3. Write an article. Imagine that you
are working for a Magazine or
Newspaper. Your task will be to
report the new science discoveries
or inventions that your readers will
be informed about this news.

1. Escoge uno de esos inventos o
descubrimientos que te parezca
más importante o que tienes
curiosidad de saber cómo
funciona.
2.

Investiga el principio científico
que hizo posible el
funcionamiento de ese invento.
Si es un descubrimiento,
investiga de qué trata, y cómo
se aplica.

3. Escribe un artículo. Imagina
que trabajas para un periódico o
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A) Introduce the discovery or
invention in 1 or 2 paragraphs.
B) Explain the science or math
involved in that discovery or
invention.
C) Make predictions as to how
that invention or discovery will be
used and how it will impact the
world in 1 to 3 paragraphs.

revista. Tu trabajo consiste en
reportar sobre los nuevos
descubrimientos científicos o
los inventos. En tu artículo
comunica a tus lectores en
sobre esa novedad.
A) Presenta el descubrimiento
en 1 o dos párrafos.
B) Explica el aspecto científico
o matemático.
C) Predice cómo se va a usar y
cómo va a impactar al mundo
en uno a tres párrafos.
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Invento o idea científica

Quién y cuándo lo inventó
o descubrió

Inventos y descubrimientos científicos a través del tiempo

Cómo cambió a la
sociedad?
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Inventions and Scientific Discoveries Through History
Invention or discovery

Who invented or discovered
and when?

What impact does it
have on society?
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Evaluación: Diga a los estudiantes que reflejen en lo que aprendieron en esta actividad
en su lluvia de ideas y la investigación de los inventos y los inventores o descubridores
científicos. En la gráfica pueden escribir sus ideas. Diga a los estudiantes que compartan
con toda la clase lo que aprendieron en esta actividad para añadir más significado y
enriquecer lo aprendido.
Lo que sabia

Lo que aprendí

Lo que quiero aprender
más
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Assessment: Instruct students to reflect about what they learned through this
brainstorming and investigation activity about inventions and scientific ideas and write in
the chart. Have students share their ideas to the whole class to enrich the knowledge and
meaning of this activity.
What did you know?

What did you learn?

What would you like to
know more about?
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STEAM UNIT I: LESSON 2
Understanding How Big or How Small
Purpose of Lesson:
To introduce students to the concept of scale and to evaluate their level of understanding
to plan and design effective future lessons.
Aligned Standards:
NGSS Dimension 2: Cross Cutting Concepts
Cause and effect; Scale, proportion and quantity.
Introduction and Background of Topic:
The concept of scale is both crucial and interesting to children at any age. Children,
although curious, might not be able to understand at first what the purpose is of
developing this skill of scale and proportion.
Question: One of the questions related to scale is: what is infinity? Can infinity be
measured?
Two ideas derived from this inquiry are: (a) quantities that are finite, and (b) quantities
that we cannot count and might be infinite.
Advanced Students:
The teacher can ask if the students if they have been introduced to mathematical
representations of series that go on for infinity (like the decimals of Pi), or equations that
represent functions of limits and approximations.
Research: If time allows and it’s appropriate, students can conduct research on the basic
concepts of infinite series, and the history of how infinity was first studied by Georg
Cantor in the late 1800’s.
Discussion: Assign the historical process of events and characters that led to the proof of
infinity, and infinities by Russian/German Mathematician Georg Cantor. For reference
use one of the episodes from the BBC broadcast “A Brief History of Mathematics” from
the1990s. It was in10th grade when I was first exposed to the question: “is the universe
infinite or finite?” It was through a debate activity during Spanish Language Arts. I
remember that it was inconceivable that the universe would have a limit, or a boundary.
What is then, behind that boundary? The answer from my friend, who was taking the
other position was, nothing. There is nothing beyond that boundary of the universe.
When talking about quantities of the universe or astronomy, our minds can’t perceive it.
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The practical everyday scales need to be understood in the early grades to be able to
apply later both mathematically and as applications to life problems related to quantities
of mass, length, time, temperature, etc…
Objective: The student will make connections between scales, proportions, and quantity
by putting in context various scenarios from natural phenomena. The students will also
be introduced to the concept of infinity through presenting various scenarios from nature
and various mathematical concepts and representations appropriate to grade level.
Activity 1
Write a number line on the board or poster
paper placing “0” in the middle and
positive and negative numbers in the
corresponding directions of the number
line.
Probing Questions for Students:
What happens if we keep adding numbers
to the number line in both directions from
the center, “0?” Let’s try adding numbers.
What is the biggest number you know?
Anyone know another yet bigger number?
Or in the opposite direction, what more
negative number can we add? Is there yet
an even larger number to place on the left
side?

Actividad 1
Usa la recta numérica para entender los
conceptos de escala, proporción,
números, negativos, y el infinito.
Pregunta a los estudiantes: ¿qué pasa
si seguimos agregando números a la
recta numérica en las dos direcciones
del 0 en el centro?
Continua preguntando:
Tratemos de agregar números. ¿Cuál es
el número más grande que conoces?
¿Alguien conoce un número aún más
grande? ¿Y en la dirección opuesta, qué
número podemos agregar? ¿Hay algún
número más negativo?

Explica que los números a la izquierda
Explain that numbers on the left become
del 0 se hacen más negativos entre más
more negative as they are further from 0. In lejos estén del 0. En otras palabras son
other words, they become smaller.
también más pequeños.
From this, the concept of exponents can be
introduced or reinforced.
Explain that in exponential form we use
base 10 with a series of exponents that
eventually lead to a very large number that
approximates infinity.

Además, el concepto de los exponentes
se puede presentar aquí por primera vez,
o para reforzar.
Explique que en la forma de los
exponentes que usando la base 10
pronto se hacen números inmensos que
aproximan a lo infinito.
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Activity 2
Scales and sizes of things in the universe.
This activity can also include the timeline
of the history of the universe, weight of
objects across the universe, and the history
of the universe.

Actividad 2
La escala de tamaños de objetos en el
universo. En esta actividad, también se
pueden poner en perspectiva los
tamaños de objetos, distancias, y la
historia del universo.

Comparing Measurement:
Comparing the large and the small. Use
the meter (or the yard) as the point of
reference.

Comparando:
Comparando lo inmenso y lo pequeño.
Usa el metro (o la yarda), como punto
de referencia.

Use a scale typically presented in physics
texts. Or draw a number line, preferably in
vertical position with “0” in the middle.
From “0” up, in the range of 1-2 meters,
humans size range. Then in the range of
Kilometers or miles. the mountains or
height of clouds exist, then in the 10,000
km or mi, the atmosphere or the radius of
the earth. In the larger scales, the solar
system, and even in the larger scale, light
years, where galaxies exist, and ask the
question: How large is the universe?
What numbers represent how big the
universe is across?

Usa una escala típica de un texto de
física, o empieza con una recta
numérica, de preferencia en posición
vertical. Empezando de 0, en el rango
de 1-2 metros, el promedio la medida de
una persona. Luego en la medida de un
Kilómetros o millas, la altura de una
montaña. Después 10,000 kilómetros,
aproximado a el radio de la tierra. Las
escalas extrema serían en Años Luz,
donde existen las galaxias. Y qué tan
grande es el universo? ¿Qué número
representa lo grande del universo?

Brief Partner Activity: To challenge the
students to think about possible and
impossible way to deal with dimensions.
Sentences Starters: I think, or I believe, it
is possible...
Small Groups Activity: On the other end
(lower or left of “0”) use negative
exponents to represent things smaller than
one meter, like shoes, then centimeters,
like coins or marbles, then the thickness of
a coin, then the thickness of hair, then
microscopic thickness, like an onion peel,
then a cell, then a molecule, then an atom.

Actividad breve en pareja: Esto es
solo para dar un reto a los estudiantes, a
que piensen sobre dimensiones posibles
o imposible y para fomentar la
interacción.
Diga a los estudiantes que tomen turnos
discutiendo y haciendo una
representación de el universo. ¿Qué
medidas podríamos usar para medir el
universo?
Ideas de oraciones que se pueden
usar: Yo creo, yo pienso, es posible...
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Furthermore, the corresponding names to
the positive and negative exponents can be
taught, such as Km, m, cm, mm, nm
(10^-9 m).
ASSESSMENT:
Keeping the main idea in mind:
How do we establish sizes between the size
of the universe, and the size of an electron?
What scale do we use? What mathematical
or scientific notation or strategy is used to
represent those sizes so large and so small?

Actividad en grupos pequeños.
En esta lección se puede introducir el
concepto de los exponentes positivos y
En el otro extremo (menor de zero), use
negativos con base 10 para representar
medidas menores a un metro, tal como
zapatos, luego centímetros, tal como
monedas, o canicas. Luego el grosor de
una moneda en milímetros, y después el
grosor de un cabello, hasta llegar a
dimensiones microscópicas, como el
grosor de una capa transparente de
cebolla, una molécula y un átomo.
Vocabulario: Mega, Kilo, metro,
centímetro, mili, nano, pico, femto,
etc…
EVALUACIÓN:
Mantener en mente la idea principal:
Cómo podemos medir o determinar el
tamaño de los objetos entre el tamaño
del universo y el tamaño de un electrón?
Qué estrategia o notación científica y
matemática se use para representar los
tamaños o distancias?
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STEAM UNIT I: LESSON 3
Sense of Quantity, Measurement and Standard System of Units
Measurements and Standards in Physical Science
By international agreement all the measurements in physical science are made in standard
quantities or units. Do you have any idea how this is possible, that science being done in
a classroom in Northern California would be done using the same standard quantities
than science being done in a country in other continent? The metric system of units is the
system of quantities agreed by the scientific community to be the universal standard.
However, there are still some quantities of units being used by some countries, such as
those still using the English system.
What Units for Measuring Quantities Are Familiar? Although scientists around the
world have agreed to use the metric system, in everyday life in the United States. While
unfamiliar to most countries around the world, the use of quantities for length is
measured in inches, feet, yards, and miles, volume is measured in ounces, pounds and
tons, and weight is measured in ounces, pints, quarts, and gallons.
Upper Grade Students: The factors of conversion between system units can be used
and practiced. Including such units as: pounds into kilograms, inches into centimeter,
and feet and yards into meters, miles into kilometers, Farenheits into Centigrades, gallons
into liters, etc…
Recommended Materials: The author suggests bringing a physical tool to be used to
measure and to compare quantities and convert units. A measuring tape with both inches
and centimeters, a balance or weight tool, a container of a gallon, and one of liter and
have students estimate first to get a sense of what those quantities feel like and look like,
as well as how they compare between systems.
Note to the Teacher: Depending on the grade level, students might benefit from
knowing that there are units that scientists use for measuring quantities that are either too
large or too small. One example of two very opposite or extreme measurements for
distance are the Light Year, which is the distance light travels in one year, and the
nanosecond, which is the distance light travels in one nanosecond (one billionth of a
second) which is about one foot. To get a sense of such distances, and the speed of light,
the following facts can be used as examples, although they will always be quantities
beyond our everyday human experience. The distance of the earth and the sun is not so
easy to perceive but it’s been estimated that light traveling from the sun to us takes about
8 minutes to get to earth. And the next closest star, “Alpha Centauri,” in our galaxy is
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estimated to be about 4 light years away. Even more unconceivable is the estimated
distance of far away galaxies and the proposed size of the universe.
On the other hand, the microscopic world of germs, cells, and living organisms that are
invisible to the human eye are also beyond our human everyday experience, yet visible
and must be measured with technology. What is the extreme measurements in the “pico”
and “nano” world are atomic and subatomic quantities of elementary particles.?
Activity: Measuring and Converting Units Between English and Metric Systems.
Objective: Get familiar with the quantities and units in both systems and learn to convert
from one system to another. Advanced
What are the factors used to convert across International and English units?
Beginning Students: Get familiar with simple measurements of comparison to develop
intuition of everyday quantities. Example: what quantity units can be used to measure
the length of a pencil, a book, a table? What about the distance between two
cities? What quantity units can be used to weight a book or a person? What about a
single sheet of paper?

Metric Units
Length quantities
kilometer
meter
centimeter
millimeter

Activity: Fill in
space the correct
name of the unit
name or symbol
that corresponds to
the following
length quantities.

Simbol
km
m
cm
mm

English notation

mi
feet
in
yard

Unidades Métricas
Unidad de longitud
kilómetro
metro
centímetro
milímetro

Símbolo
km
m
centimeter
mm

Notación Inglesa
Actividad:
Completa en el
espacio el nombre o
sīmbolo que
corresponda a los
siguientes unidades
de distancia
milla
ft
pulgada
yr
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Activity: Investigate the quantities used
for weight in the International system
Unit (IS)

symbol

Actividad: Investiga las cantidades que
se usan para medir el peso en el Sistema
internacional
Unidad (SI)
sÍmbolo
tonelada

kg
g

Activity: Investigate the quantities used
for weight in the English system
Unit
pound

Symbol

Actividad: Investiga las cantidades que
se usan para medir el peso en el Sistema
Inglés
Unidad
símbolo

oz

Activity: Investigate the quantities used
for volume in the international system
Unit

Symbol
L

Actividad: Investiga las cantidades que
se usan para medir el peso en el Sistema
internacional
Unidad
símbolo
litro

deciliter
Centímetro cúbico
milliliter

ml

Activity: Investigate the quantities used
for weight in the English system
Unit
gallon

Symbol

Actividad: Investiga las cantidades que
se usan para medir el peso en el Sistema
Inglés
Unidad
símbolo
qt

pt
once
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Activity: Converting Quantities
Using a measuring tape measure objects
in both English and Metric systems.
Write all the ways you can represent the
quantity. Example: you can use feet,
inches, yards, as well as meters,
centimeter.

Actividad: Convertir cantidades
Usando un cinta de medir mide objetos
en los dos sistemas, inglés y métrico.
Escribe todas las formas que haya, por
ejemplo, en pies, en pulgadas, en metros
y en centímetros.
¿Cuánto mide la puerta?

What is the size of the door?
¿Cuánto mide un lápiz?
What is the size of a pencil?
¿Cuál es el grosor de un libro?
What is the thickness of a book?
Is there a pattern you can use to help you
find a way to convert from one system to
the other? Explain and give examples.

¿Existe algùn patrón que te ayude a
encontrar cómo convertir entre un
Sistema y otro? Explica y da ejemplos.

Imagine that you are going to measure the
size of the football field. What do you
predict the right quantities you are going
to use?

Imagina que vas a medir el campo de
fútbol. ¿Qué puedes predecir sobre las
unidades apropiadas que usarías?

How would you calculate the area and the
volume of the thickest book in the
classroom?

¿Cómo calcularías el área, y el volumen
de el libro más grueso de tu salón?
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What is the diameter of a coin of your
choice?

¿Cuál es el diámetro de una moneda de
tu elección?

In in:

En in:

In cm:

En cm:

In mm:

En mm:
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STEAM UNIT II: LESSON 1
The Scientific Revolution
Developing Scientific Thinking by Researching Biographies of Scientists.
Purpose: To promote curiousity about science and those who played a role in
discovering about science phenomena. To encourage and celebrate curiosity and develop
scientific thinking by immersing in the scientific thinking learn facts about a scientist or
inventor by learning by investigating two great scientists.
Process: The teacher either gives students a printed source of the scientists or inventor in
question, or the teacher decides to have students investigate and find sources of their own
to research about Isaac Newton, for instance. The author recommends having students
investigate who Galileo Galilei was, as well as Isaac Newton, Albert Einstein, Marie
Curie, Benjamin Franklin, George Washington Carver, Thomas Alva Edison, Nikola
Tesla, Dmitri Mendeleev, Luis Pasteur, and Richard Feynman. To make sure that the
students stay within safe parameters when using online sources, the author recommends
using online sources that are intended for children, such as National Geographic for kids,
Wikipedia for kids, etc. The website or source will be left to the teacher’s choice and
judgement depending on grade level.
Activity: Comparing and Contrasting Two Great Scientists
Objective: Through this activity the student gets to demonstrate multiple grade level
skills and NGSS competencies. Using the 3D Framework of the NGSS there exist a
variety of combinations of Standards to be considered, from Cause and Effect, learning
about the Scientific Method, Scientific and Technological implications of the science
developed or discovered by the two scientist or inventors. Mathematical computation
and science disciplines concepts derived from the biographies. Investigation and
research. Reading, writing, presenting. Construction of a model, or prototype. In the arts
aspect of STEAM, the students can prepare a scene of the life of the scientists or
inventors. Students can even go beyond the expectations and imagine what would be like
to have the two scientists meet even when they lived in different eras. For example,
Galileo and Newton, Einstein and Newton, Edison and Tesla (which lived at the same
time and debated over what type of electric current to use for the U.S. electric power
grid). The sky is the limit depending on the context.

62

Biographies of two scientists that contributed to the Scientific Revolution/Las
Biografías de dos científicos que contribuyeron a la Revolución Científica.
Comparing and Contrasting the Life
and Scientific Work of Two Great
Scientists
Galileo Galilei and Isaac Newton
NGSS 3D Framework: Investigation,
Cause and Effect, Physical Science
(Astronomy, Motion, Force, Gravity, etc),
Patterns in Nature.

Comparando y Contrastando la Vida
y el Trabajo Científico de Dos
Grandes Científicos
Galileo Galilei e Isaac Newton
NGSS 3D Framework: Investigación,
Cause y Efecto, Ciencias Físicas
(Astronomía, Movimiento, Fuerza,
Gravedad, etc.), Patrones en la
Naturaleza.

1. Read the biography of Galileo Galilei
and Isaac Newton. Pay attention to the
details of their life. For example: where
and how did they learn about nature? What
was the most important event in their life?
What important discoveries did they make?
How was the world impacted by their
discovery or science they developed?

1. Lee la biografía de Galileo Galilei.
Luego lee la biografía de Isaac Newton.
Pon atención a los detalles acerca de su
vida. Por ejemplo: ¿Dónde y cómo
aprendieron sobre la naturaleza? ¿Qué
fue el evento más importante de su
vida? ¿Qué descubrimientos hicieron?
¿Cómo el mundo fue impactado por su
descubrimiento o desarrollo científico?

2. Think of the details of the two scientists
and make a comparison. What ideas are
similar?
3. Think of how you can contrast the two
scientists. What details of their life are
different? What scientific ideas were
different?

2. Piensa en los detalles de los dos
científicos y has una comparación.

4. Present in pairs or groups to teach your
classmates about your findings. You can
choose among the following ideas: Make a
presentation using the projector, a poster,
Powerpoint, or you can also prepare a short
scene/skit about their life and scientific
idea.

4. Haz una presentación en parejas o
grupos para enseñar a tu clase acerca de
lo que investigaste. Puedes escoger
entre las siguientes ideas: Hacer una
presentación oral usando el proyector,
un poster, Power Point, o también
puedes hacer una escena de la vida y su
idea científica.

3. Piensa en cómo puedes contrastar a
los dos científicos. Qué detalles de su
vida fueron diferentes? Qué ideas
científicas fueron diferentes?
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5. Take the challenge (1, 2, or group).

6. Acepta el reto (1,2, o grupo).

Option A: Develop a scientific or
mathematical model of what Galileo or
Newton discovered or the science they
developed.
Option B: Imagine that you are either
Galileo or Newton. Write a letter to your
friend/colleague and tell him how excited
you are to share what you have discovered
and acknowledge what he has also
discovered.

Opción A: Desarrolla un modelo
matemático o científico de lo que
Galileo y Newton descubrieron o de la
ciencia que desarrollaron.
Opción B: Imagina que tú eres Galileo
o Newton. Escribe una carta a tu
amigo/colega explicándolo emocionado
que estás de compartir lo que has
descubierto, y reconocer lo que él ha
descubierto también.

Option C: Write an essay in which you
explain how Galileo and Newton
contributed to the Scientific Revolution
and what impact their ideas have had to our
modern lives.

Opción C: Escribe un ensayo en el que
explicas cómo Galileo y Newton
contribuyeron a la Revolución
Científica y que fue el impacto que
tuvieron sus ideas a nuestra vida
moderna.
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Biographies of two scientists that contributed to the Scientific Revolution/Las
Biografías de dos científicos que contribuyeron a la Revolución Científica.
Comparing and Contrasting the Life
and Scientific Work of Two Great
Scientists
Dmitri Mendeleev and Marie Curie
NGSS 3D Framework: Investigation,
Cause and Effect, Physical Science
(Astronomy, Motion, Force, Gravity, etc),
Patterns in Nature.

1. Read the biography of Dmitri
Mendeleev. Then read the biography of
Marie Curie. Pay attention to the details of
their life. For example: where and how did
they learn about nature? What was the
most important event in their life? What
important discoveries did they make? How
was the world impacted by their discovery
or science they developed?
2. Think of the details of the two scientists
and make a comparison. What ideas are
similar?

Comparando y Contrastando la Vida
y el Trabajo Científico de Dos
Grandes Científicos
Dmitri Mendeleev y Maria Curie
NGSS 3D Framework: Investigación,
Cause y Efecto, Ciencias Físicas
(Astronomía, Movimiento, Fuerza,
Gravedad, etc.), Patrones en la
Naturaleza.
1. Lee la biografía de Dmitri
Mendeleev. Luego lee la biografía de
Marie Curie. Pon atención a los
detalles acerca de su vida. Por ejemplo:
¿Dónde y cómo aprendieron sobre la
naturaleza? ¿Qué fue el evento más
importante de su vida? Qué
descubrimientos hicieron? ¿Cómo el
mundo fue impactado por su
descubrimiento o desarrollo científico?
2. Piensa en los detalles de los dos
científicos y has una comparación.

3. Think of how you can contrast the two
scientists. What details of their life are
different? What scientific ideas were
different?

3. Piensa en cómo puedes contrastar a
los dos científicos. Qué detalles de su
vida fueron diferentes? Qué ideas
científicas fueron diferentes?

4. Present in pairs or groups to teach your
classmates about your findings. You can
choose among the following ideas: Make a
presentation using the projector, a poster,
Powerpoint, or you can also prepare a short
scene/skit about their life and scientific
idea.

4. Haz una presentación en parejas o
grupos para enseñar a tu clase acerca de
lo que investigaste. Puedes escoger
entre las siguientes ideas: Hacer una
presentación oral usando el proyector,
un poster, Power Point, o también
puedes hacer una escena de la vida y su
idea científica.
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5. Take the challenge (1,2, or group).
Option A: Develop a scientific or
mathematical model of what Dmitri
Mendeleev discovered, and another of
what Marie Curie discovered or science
idea she developed.

6. Acepta el reto (1,2, o grupo).
Opción A: Desarrolla un modelo que
represente el descubrimiento científico
de Dmitri Mendeleev y otro modelo que
represente el descubrieron o idea
científica Marie Curie.

Option B: Imagine that you are either
Galileo or Newton. Write a letter to your
friend/colleague and tell him how excited
you are to share what you have discovered
and acknowledge what he has also
discovered.

Opción B: Imagina que tú eres Galileo
o Newton. Escribe una carta a tu
amigo/colega explicándolo emocionado
que estás de compartir lo que has
descubierto, y reconocer lo que él ha
descubierto también.

Option C: Write an essay in which you
explain how Mendeleev and Curie
contributed to the Scientific Revolution
and what impact their ideas have had to our
modern lives.

Opción C: Escribe un ensayo en el que
explicas cómo Mendeleev and Curie
contribuyeron a la Revolución
Científica y que fue el impacto que
tuvieron sus ideas a nuestra vida
moderna.

66

STEAM UNIT II: LESSON 2
Forces and Motion
The design of this lesson is based on the idea of forces and motion. It is assumed that
children are already familiar with these forces regardless of their age and grade. In this
unit the big idea relates to the question: what causes objects (things) to move?
The Purpose: To encourage students to explore, investigate, and create hands-on models
to explain their experience of physical phenomena.
Skills of Inquiry to Keep in Mind: Observe, compare, contrast, classify, make
predictions, infer, analyze, hypothesize, experiment, record data, use variables, research,
hypothesize, collaborate, uses and creates models, ask questions, understands and takes
measurements. These skills mostly derived from Bloom’s Taxonomy, also relate to the
expectations of Common Core Standards and the NGSS. For better understanding, a copy
of the NGSS cheat sheet will be included in the Appendix A to refer to specific standards
and objectives corresponding to these lessons.
Lesson 1: Identify the Forces in Moving Objects
Objective: Student makes hypotheses
Objetivo: los estudiantes hacen
based on the understanding of what makes hypothesis basadas en lo que entienden
objects move or stay still.
sobre qué hace que los objetos se muevan
o se mantengan en reposo (sin mover)
Purpose: To show students through
hands-on experiments that objects in
motion could perpetually continue in
motion if no other force is applied.

El Propósito: demostrar a los estudiantes
por medio de experimentos manuals que
los objetos podrían continuar en
movimiento si ninguna otra fuerza
interfiere.

Inquiry questions: What makes is
move? Why does it move in the direction
that it moves? What is the role of air in
moving objects/things?

Preguntas para buscar: ¿Qué cause el
movimiento? ¿Por qué se mueve en esa
dirección? ¿Qué hace el aire a los objetos
en movimiento?

Activity 1
Inclined boards to show the motion of a
toy car or a rolling ball. Have the students
play with an inclined board by changing

Actividad 1
Tablas inclinadas para demostrar el
movimiento de un carrito de juguete o una
pelota rodando. Haga que los estudiantes
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the slope and the angle and height to
compare how the toy car or ball rolls
down. The goal is to make conjectures to
understand the idea that if the toy car rolls
down the incline and there was no
friction, the car would continue moving
forever.

jueguen con la tabla inclinada cambiando
el ángulo de inclinación para comparar
cómo rueda el juguete hacia abajo. La
meta es hacer conjeturas (predicciones)
para entender the idea que si no hubiera
fricción, el juguete continuaría
moviéndose por siempre.

Activity 2: Design a model

Actividad 2: Diseña un modelo

How can we use these ideas to create a
model? If you were Galileo and wanted to
explain what happens when you release
the toy car from different heights of the
ramp (inclined board).

¿Cómo podemos usar esas ideas para
crear un modelo? Si tu fueras Galileo, y
quisieras explicar que pasa cuando
sueltas el carro de juguete de diferentes
alturas en la rampa (tabla inclinada).

Activity 2 Instructions: Using an encyclopedia or the internet, have the students
investigate how Galileo experimented with rolling balls, and dropping balls of various
sizes to arrive at the conclusion that if it wasn’t for air friction, objects of different
masses would still fall at the same rate. For example, “using a hammer, and a feather,
predict what you expect to see.”
Research Galileo’s experiments at the Tower of Pisa. Also watch video of astronauts
conducting the experiment on the moon’s atmosphere without the interference of air.
What do you expect to see when two objects of different sizes and masses are dropped on
the moon’s surface?
Demonstrate the effect of air by using a paper that is crumbled versus a sheet of paper
and drop them at the same time from a distance. What can we predict about the motion
of each piece of paper? Explain why.
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STEAM UNIT II: LESSON 3
The History of Mathematics
The Scientific Revolution: New Discoveries in the Realm of Mathematics.
Introduction and Background:
Science was not only the result of discovering of physical phenomena such as
those discoveries made by Galileo and Newton that challenged the existing perception of
the universe. Other scientists likewise, arrived at similar revolutionary conclusions
through mathematical thinking. Just like some scientists were able to follow the patterns
of planets, the moon, etc… and they formulated mathematical models to express the
phenomena, in the same way others studying mathematics found patterns that lead them
to make predictions of physical phenomena.
For example, the great mathematician Friedrich Gauss developed a mathematical
model to predict the orbits of asteroids, and developed the universal formula named after
him, the Gauss Distribution. This formula is essential in statistics to make predictions in
economics, in populations, use of medicines, and a variety of outcomes based on
correlation of data. The mathematician Poincarè discovered the surprising “chaos
formula” when trying to solve the three-body problem proposed by the King of Sweden
to find out if the Solar System was stable even if a massive asteroid came near it. The
Indian young Mathematician Ramanujan along with British mathematician G. H. Hardy,
obsessed with Prime Numbers made important discoveries and predictions of Prime
Numbers that at the time didn’t have any use, but now Prime numbers is the basis for
encryptions and security systems keep billions of dollars and valuable information safe.
Albert Einstein, using the mathematics of hyperspace dimensions developed by Riemann
and others, was able to visualize the curving of space for his Theory of General
Relativity. And on and on.
But going even further back, there were mathematicians throughout history that
produced mathematical ideas based on patterns they observed. Others made conclusions
and predictions using deep thinking and developed problems that sometimes took
decades to solve, or still haven’t been solved. Such mathematicians from ancient times
deserve being acknowledged for their contribution to what now we call STEAM.
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Cultural Mathematics: Connecting STEAM with Ancient Civilizations and their
Mathematical Contribution
This activity makes use of the NGSS 3D Framework as well as it draws from history and
Language Arts.
Activity: (Pairs or small group)

Actividad: (Parejas o grupos pequeños)

Explore
how ancient civilizations used
Mathematics and how they developed a
reasoning to apply it.

Explorando civilizaciones antiguas y
descubriendo cómo usaron las
Matemáticas y qué razonamiento tenían
de cómo aplicarlas.

In this lesson you are going to learn about
the Mathematical contributions of ancient
civilizations. Use 3 sources of
information to respond to the the
questions.

En esta lección vas a aprender sobre la
contribución matemática que hicieron
otras civilizaciones del pasado.
Investiga 3 fuentes de información para
responder a las preguntas.

The Mathematics of the Mayans: What
is the pattern used by the Mayans to write
and use their numbers?

Las Matemáticas de los Mayas: ¿Qué
patrón observas en la forma que los
Mayas escribían y usaban los números?

What number is the number that the
Mayans used that other civilizations
didn’t use?

¿Qué número usaban los Mayas que
otras civilizaciones no usaban?

Did you find any way used by the Mayans
to make calculations and solve problems
of Math?

¿Encontraste algún ejemplo que muestre
cómo usaban los números para calcular
y resolver problemas de matemáticas?
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The Mathematics of the Sumerians and
Babylonians: What is the pattern used by
the Mayans to write and use their
numbers?

Las Matemáticas de los Sumerios y
Babilónicos: ¿Qué patrón observas en
la forma que los Sumerios y Babilonios
escribían y usaban los números?

Are there any numbers that the Sumerians
and Babylonians used that other
civilizations didn’t use?

¿Qué números usaban los Sumerios y
Babilónicos que otras civilizaciones no
usaban?

Did you find any way used by the
Sumerians and Babylonians used to make
calculations and solve problems of Math?

Encontraste algún ejemplo que muestre
cómo usaban los números para calcular
y resolver problemas de matemáticas?

The Mathematics of the Egyptians:
What is the pattern used by the Mayans to
write and use their numbers?

Las Matemáticas de los Egipcios: Qué
patrón observas en la forma que los
Egipcios escribían y usaban los
números?

Are there any numbers that the Egyptians
used that other civilizations didn’t use?

¿Qué números usaban los Egipcios que
otras civilizaciones no usaban?
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Did you find any way used by the
Egyptians used to make calculations and
solve problems of Math?

¿Encontraste algún ejemplo que muestre
cómo usaban los números para calcular
y resolver problemas de matemáticas?

The Mathematics of the Greeks: What
is the pattern used by the Mayans to write
and use their numbers?

Las Matemáticas de los Griegos: ¿Qué
patrón observas en la forma que los
Egipcios escribían y usaban los
números?

Are there any numbers that the Greeks
used that other civilizations didn’t use?

Did you find any way used by the Greeks
used to make calculations and solve
problems of Math?

The Mathematics of the_____________:
What is the pattern used by the ________
to write and use their numbers?

Are there any numbers that the
_______________used that other
civilizations didn’t use?

¿Qué números usaban los Griegos que
otras civilizaciones no usaban?

¿Encontraste algún ejemplo que muestre
cómo usaban los números para calcular
y resolver problemas de matemáticas?

Las Matemáticas de los
_____________: ¿Qué patrón observas
en la forma que los ______________
escribían y usaban los números?

¿Qué números usaban los
____________ que otras civilizaciones
no usaban?
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Did you find any way used by them to
make calculations and solve problems of
Math?

¿Encontraste algún ejemplo que muestre
cómo usaban los números para calcular
y resolver problemas matemáticos?

Accept the Challenge: Choose one of
the activities and work with a partner or
small group. With your partner or group
first take turns sharing your experience
and new ideas you have about the
Mathematics developed by the Ancient
Civilizations, or cultures that you studied.

Acepta el Reto: Escoge una actividad y
trabaja con tu compañero o grupo.
Primero comparte tomando turnos con
tu compañero o compañeros lo que
aprendiste sobre las matemáticas de las
civilizaciones antiguas o culturas que
estudiaste.

Compare and Contrast: Seems like
every civilization had their own way of
writing their numbers, and different ways
of doing calculations with those numbers.
In a separate page, make a list of the
observations you made about the symbols
used and the way they used numbers and
then compare another civilization. In
what ways were they the same? In what
ways were they different? You may use a
Venn Diagram to Compare and Contrast
your observations.

Compara y Contrasta: Parece que
cada civilización tenía su propia forma
de escritura y símbolos para representar
los números. También tenían diferentes
maneras de calcular con los números.
En una hoja separada, haz una lista de
tus observaciones que hiciste sobre los
símbolos y la forma como los usaban.
Luego compara con otra civilización.
En qué se parecían? En qué se
diferenciaban? Puedes hacer un
Diagrama de Venn para comparar y
contrastar tus observaciones.

Become an expert on the Mathematics
of one civilization. You may want to go
back and dig deeper into one particular
civilization or expand your knowledge to
investigate one that you are curious about.
For example: The mathematics of the
Romans, the Aztecs, the Arabs, the
Indians, the Chinese. Then you may
share your expertise with the class by
making a poster or slides presentation. Or
you may write a report.

Hazte un expert en las matemáticas
de una civilización. Puedes regresar y
concentrarte en un aspecto en particular
de una civilización, ó puedes escoger
una nueva civilización que tengas
curiosidad de saber más. Por ejemplo:
Las matemáticas de los Romanos, los
Aztecas, los Árabes, los Hindúes, los
Chinos. Luego puedes compartir con la
clase haciendo un poster u otro tipo de
presentación. También puedes escribir
un reporte.

73

Think of a Math Pattern from your
Investigation. Ancient civilizations
observed patterns and cycles in nature,
and they developed ways to represent
them with geometric shapes or numbers.
This is a fascinating topic to explore. For
example: Did you read about the
Fibonacci sequence found in many things
in nature? The story and relevance of Pi
in Math?
Did you know that certain numbers or
geometric shapes are mystic or sacred to
different civilizations?
Did you know that every civilization
developed a particular system or base to
count larger numbers? We use the base
10 system, but others use 20, 12, or 60,
etc. And some numbers are easier to work
with when added, subtracted, multiplied,
or divided. If you have seen the Roman
numerals, you’ll see how difficult it can
be to do calculations.

Piensa en un patrón matemático
interesante de tu investigación. Las
civilizaciones antiguas observan
patrones y ciclos en la naturaleza, y
desarrollaron maneras de representar las
con formas geométricas o números.
Explorar este tema puede ser fascinante.
Por ejemplo: Has leído o escuchado
sobre la secuencia Fibonacci que se
encuentra en varios lugares en la
naturaleza? Y qué tal la historia y la
importancia de Pi en las matemáticas?
Sabías que algunas civilizaciones y
culturas consideran algunos números y
figuras geométricas como algo místico o
sagrado?
Sabías que cada civilización tiene su
propio systemas o base para contar?
Nosotros usamos el sistema de base 10,
pero otros usan el 20, el 12, o el 60, por
ejemplo. Algunos números en otras
civilizaciones no son muy fáciles de
usar para calcular. Los números
Romanos, no son fáciles de usar para
calcular problemas matemáticos.
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STEAM UNIT II: LESSON 4
Mathematical Patterns and Geometrical Shapes
Introduction and Background:
Galileo is considered one of the most important discoverers of how nature
operates. He wanted to understand the laws that govern the movement of the planets, the
moon, and the earth around the sun. Galileo, along with others from his time did not
support the idea that the Earth was the center of the universe. The Greek philosophers
Aristotle and Ptolomei taught the belief that the earth was the center of the universe and
that their orbits were circular. For over 1500 years people had been hearing this view,
until other astronomers observed that it was the planets going around the sun, including
Earth, and that the orbits, or paths they follow are not perfect circles, but elongated in the
shape of ellipses. Galileo got in big trouble for telling and writing about his observations
and what other astronomers as Johannes Kepler, and Tycho Brahe, and Copernicus, had
concluded.
The Scientific Revolution was in motion and with that, many of the beliefs about
the world, the planets, and the universe, starting to be questioned and challenged by the
new observations and mathematical discoveries taking place during Galileo’s times and
later when he died in 1642, another great scientist, Isaac Newton, was born the very next
year. From that moment on, everything began to change, and the new ideas, produced
other great ideas, and new inventions and discoveries that caused the world to change in
every way transforming the world to what we see today.
A new era of scientific advances, and technological development that is almost
impossible to be informed about all the changes that happen every day. Just imagine
living with no electricity, no internet, no ways of instant communication and fast
transportation as we know these days. Yes, no Uber, no social media, no way to preserve
food in the refrigerator, nor video games, or cell phones. As a matter of fact, not even
books available to everyone as today. But nevertheless, nature was always there to
entertain, especially those who were trying to understand the forces that make things
move or stay in place. People like Galileo began wondering what caused all those cycles,
periodic patterns, and beauty in general in nature?
Galileo’s observations and study of nature let hime to conclude that “The laws of Nature
are written in the language of mathematics… the symbols are triangles, circles and
other geometrical figures, without whose help it is impossible to comprehend a
single word”

75

After Galileo, many other Scientists, philosophers, and Mathematicians spent their life on
the quest to to understand nature. They found mathematical models that described the
laws of nature and help explain about the universe.
Interesting Ideas to Explore:
Kepler’s Laws of planetary motion, Pythagorean Theorem, Euler’s Identity, Infinity and
Cantor’s diagonal arguments, the Poincarè Chaos Theory (Butterfly Effect), the
Fibonacci sequence, the Pyramids of Egypt, the Moons found by Galileo, Geometry of
the World, the history of Pi, the periodic table of the elements, the moon and other
planet’s phases, the seasons of the year.
Activity 1: Finding Patterns
Inquiry activity: To engage, build and
use background knowledge, have the
students in pairs or small groups think
about, and explore patterns that they have
observed in nature:
Think of snowflakes, trees, flowers,
shapes of celestial bodies such as sun,
moon, or constellations, perhaps someone
thinks of patterns related to cycles of earth
around the sun, the moon around the sun.
Now think of patterns used in the world
that were created from patterns in nature.
Perhaps we can call these “models”.
-What are their shapes?
Are they symmetric?
What mathematical sequence or pattern
can we find?

Actividad de investigación: Para
encontrar los patrones que se pueden
observar en la naturaleza. Los
estudiantes trabajan en grupos para
explorer y expander sobre sus
observaciones sobre patrones.
Piensa en los patrones que has visto en
la naturaleza y encuentra su conección
con las matemáticas. Por ejemplo:
Considera las formas de los cristales de
la nieve. Investiga su forma en algún
libro o página web.
Ahora piensa en los patrones que
fueron creados usando la naturaleza
como modelo. Por ejemplo: figuras
simétricas. Secuencias matemáticas.
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STEAM UNIT II: LESSON 5
Investigate an Inventor or Scientist
This project has various components and can vary in time and depth of knowledge
depending on how much time is available and how deep the level of knowledge is
expected of the students to produce either a short report the same day, or a high quality,
in-depth research culminating in a class poster presentation and or demonstration of a
model (or replication of an experiment).
It is recommended to do it in stages and have students revise and edit their work until
ready to turn in and present to the class. It can be done individually or in pairs. If
assigned as a Project-Based Learning (PBL) approach, have small groups follow a PBL
process and use PBL rubric.
Step 1: Select. The students pick a relevant invention or an inventor/scientist the students
would like to learn about.
Step 2: Investigate. The students conduct research both in the classroom and at home to
give opportunity to the parents to help in the process and gather notes about the
inventor/scientist and their contribution to society through their invention or scientific
discovery.
Step 3: Write a Draft. The student organizes the information in a writing report. It’s
suggested that students first write a report in a form of an expository essay, for example,
in which they include the information they gathered about the inventor/scientist and their
invention/discovery. In this stage, ask students to also include a sketch of the invention
and or the mathematical or scientific model that represents the discovery (physics, math,
chemistry formulae and diagrams).
Step 4: Revision of Draft. The students revise their work in both content and writing
mechanics based on rubric of the text expected. In this case, it can also be a scientific
article based on the appropriate rubric. The students rewrite and produce their final draft
based on expectations. An example of rubric for an expository essay is provided in
English and Spanish.
Step 5: Presentation. The students prepare a poster or Powerpoint presentation to
present to the class. It is recommended to have a session of practice in which both the
students model what a good presenter should look like, and what a good audience should
look like. Ask the students to help list the expectations from both a presenter as well as
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the audience and refer to the rubric to emphasize expectations. If possible have students
watch a TED Talk or other model of a presentation.
Expository Essay Grading Rubric
Name: ______________________________

Grade: _____________

The grade scale is from 0 to 4. 4 represents a 100%, perfect score. To earn a 4, your essay
must include evidence of:
Focus

Organization

- The writing is focused on
-

Evidence

-

Conventions

-

answering the question from
the prompt.
The essay stays on topic.
The writing is neat: it is either
handwritten or typed.
There are three paragraphs that
are in this order: introductory
paragraph, body paragraph, and
concluding paragraph.
Most sentences connect to each
other.
The writing shows evidence
with examples from the two
textual sources, explicitly
stated from the prompt.
The essay includes a quotation
with an in-text parenthetical
citation.
The essay uses complete
sentences.
Paragraphs are indented.
The essay contains less than
five spelling or grammatical
errors.
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La Rúbrica de Calificación de un Ensayo Expositivo
Nombre: ____________________________

Grado: _____________

La escala de calificación es de 0 a 4. 4 representa 100%, perfecto. Para conseguir un 4, tu
ensayo tiene que incluir lo siguiente:
Enfoque

Organización

- La escritura está enfocada en
-

Evidencia

-

Convenciones

-

contestar la pregunta sugerida.
Se mantiene en el tema.
La escritura es legible: se puede
entender. También puedes
escribirla en la computadora.
Tiene tres párrafos que están en
orden: Introducción, párrafo de
los detalles ó razones, y
ejemplos. Y un párrafo de
conclusión.
Hay conección entre las
oraciones y párrafos.
La escritura muestra evidencia
de ejemplos de las dos Fuentes
del texto que se mencionan
claramente en la pregunta
inicial.
El ensayo incluye citas entre
comillas escritas
apropiadamente.
El ensayo usa oraciones
completas.
Los Párrafos empiezan con un
espacio en la primera oración
(indented).
El ensayo contiene menos de
cinco errores de gramática.
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STEAM UNIT III: LESSON 1
WAVES
THE SOUND OF MUSIC
This unit is, for the most part, an introduction to those everyday concepts that are
experienced through the senses of hearing and vision. They have very strong components
both to be interpreted through hands-on experiments and also as a more abstract physics
and mathematical interpretations and sophisticated applications. The range of the
mathematical knowledge varies from simple concepts of Period, Frequency, Amplitude,
and Intensity, to a sophisticated interpretation through Fourier Analysis, and quantum
mechanics. For these lessons, in which conceptual understanding is more important at
this level, the mathematical formulae will be first interpreted conceptually, then
depending on grade level, more manipulation of the mathematical models/formulae will
be introduced and expected.
Bid Idea: How does the physical concept of Waves relate to everyday experiences with
sound, and making music? Furthermore, what other applications can be derived from
understanding these concepts as they come together?
OBJECTIVE: The student will be able to make connections between the various
concepts of sound, music, and the physical-mathematical models of Waves.
Advanced Students: The more advanced student will be able to derive formulae and to
relate the mathematical representations based on how the physical concepts relate to each
other, example: The frequency is equal to the number of repetitions per second,
(frequency = Period/second in Hertz, and the Period is how long it takes for an oscillation
to occur, this is derived using a simple pendulum, or by counting waves from ripples on a
lake).
Lesson 1 Unite III: What is a wave?
Activity 1: Creating a Wave with a
Pendulum and a bag of beach sand

Actividad 1: Creando una onda con un
péndulo y una bolsa de arena del mar

Materials:
-A string larger than a meter
-a Ziploc plastic bag
-beach sand to fill the bag
-measuring tape

Materiales:
-una cuerda de un metro o más larga.
-una bolsa de Ziploc
-arena del mar para llenar la bolsa
-cinta de medir
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-stopwatch, or timer
Instructions:
1. The pendulum is made with the bag
filled with sand and tied to the string.

-chronómetro
Instrucciones:
1. El péndulo se hace con la bolsa de
arena atada a la cuerda.

2. The bag tied to the string is held with
one hand leaving a meter or a fraction of a
meter hanging.

2. Se sostiene la cuerda con las bolsa a
una distancia determinada, por
ejemplo, un metro, o una fracción
de un metro.

3. A small hole is made on the bag to let a
small amount of sand escape.

3. Hacer un pequeño orificio para
dejar escapar la arena de la bolsa.

4. As the pendulum is pushed side to side
once, then the pendulum is moved forward
in the perpendicular direction of the
oscillation to leave a trace of sand in the
form of a zig zag or sinusoidal wave.

4. A medida que el péndulo se mueve
en dirección perpendicular dejando
un camino de arena en la forma de
zig zag o onda sinusoidal.

5. Experimenting with different lengths of
the string, as well as different sizes of
amplitude from pushing from the side to
create a variety to waves outside the
classroom where is permitted and easy to
clean at the end of lesson.

5. Experimente usando diferentes
tamaños de cuerda y diferentes
amplitudes para crear diferentes
ondas. Esta actividad se hace afuera
del salón o en un lugar donde se
pueda limpiar y que sea permitido.

When various waves are created using
various intervals of time, make sure they
are labeled and record the time interval.
Then with the measuring tape, measure the
amplitude using the labeled sample wave
provided from the lesson.

Después de hacer varias ondas con
distintas medidas e intervalos de
tiempo, con la cinta de medir, se mide
la longitud de la onda, la amplitud, y
con la información de la Onda, y el
periodo, derivar la fórmula de la
frecuencia.

Measure the distance to derive the
wavelength. From the measurements and
time recorded, the student should be able to
find the Period, and the frequency of the
wave.
Frequency = cycles/unit time

Frecuencia = número de ciclos/unidad
de tiempo
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Making Connections: The wavelength
has a crest, and a valley. A wave repeats
itself over time.

Hacer conecciones: La onda tiene los
siguientes partes: una cresta, un valle, y
se repite con el tiempo.

Now, ask the students: What other kinds
of waves exist? What other application of
the concept of waves comes to mind?
Is sound a wave? What if we now play a
music instrument? How do we measure the
wavelength, the amplitude, the period, or
its frequency?

Ahora pregunte a los estudiantes:
¿Qué otras ondas existen? ¿Qué otras
aplicaciones vienen a la mente? ¿Es el
sonido una onda? ¿Qué si ahora
tocamos un instrumental musical?
¿Cómo podríamos medir su longitud de
onda, su período, y su frecuencia?

Demonstrate using a tuning fork or any
tuning device, calibrated already and
labeled with the frequency. This represents
a particular sound, a musical note with a
particular pitch, that is represented with the
frequency labeled on the tuning fork.

Demostrar usando un diapason (tuning
fork) o afinador de determinada
frecuencia. Explique que ese sonido
corresponde a una nota musical
determinada.

Ask the students to hum or sing the note
produced by the tuning fork or tuner. For
example: A, or LA, which corresponds to a
frequency=440 hertz

Diga a los estudiantes que canten las
notas producidas por el diapasón o
afinador.
Por ejemplo la nota A, o LA, que
corresponde a una frecuencia = 440
Hertz

Assessment:
What are the parts of the sinusoidal
wave?
Answer: amplitude, wavelength, period.

Evaluación:
¿Cuáles son las partes de una onda
sinusoidal?
Respuesta: longintud de la onda,
amplitud, y período.

In how many ways can sound be
measured? Answer: Period, frequency
which is the pitch, Intensity, which is the
loudness, and it can be differentiated by the
timbre, which is the particular quality that
recognizes what is producing the sound.

¿De qué formas podemos medir el
sonido? El período, la frecuencia que
es el tono, la intensidad, que es que tan
fuerte, y el timbre, que es la cualidad
que diferencia un sonido de otro.

More Advanced Questions:
How is sound produced?

Preguntas mas avanzadas: ¿Cómo se
produce el sonido?
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Activity 2: Research (in pairs or groups).

Actividad 2: Investigación (en pareja
o grupo).

Construct a model of how sound is
produced by a vibrating string, and with an
air column.
Students may construct a version of a
guitar, or a flute, etc... either using
materials and information from the lesson,
or using other sources, such as an
encyclopedia, or internet research.

Construye un modelo que represente
cómo se produce el sonido con una
cuerda que vibra, y con una columna
de aire.
Los estudiantes pueden construir una
versión de una guitarra, o una flauta,
etc…usando materiales e información
tal como una enciclopedia o una
página web.
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STEAM UNIT III: LESSON 2
WAVES
Musical Notes
Purpose and Big Idea: The purpose for this lesson is to use the basic knowledge about
waves and sound and make connection with music. Also, this lesson is intended to make
students aware of the difference between ordinary sound and musical sound with its
artistic and perception components.
What is music? How is sound similar to music and different from music? How is sound
also an issue of environmental concern? How do we perceive musical sounds? What is
the medium in our unique planet that allows us to appreciate music and sound that is not
possible in other environments such as water, a vacuum, or an atmosphere with other
types of gases?
What are the main components of a sound wave and a musical sound? It depends on
whether it’s been produced by a string, a vibrating membrane as in a drum, or a column
of air.
The components of musical sounds are: Pitch (frequency, measured in Hertz), timbre
(color, or particular quality of the instrument), Intensity (loudness, a result of the wave’s
amplitude, measured in decibels),
Activity 1 Creating musical sounds
Students create a flute made of straws.
Materials: a packet of straws with at
least 10 straws per instrument. Scissors
and tape or thread to keep the straws in
place and in order.
Process:
1. Follow instructions on provided page
with lengths of straws corresponding to
frequency and note produced.
2. After at least 12 straws are cut to
specific lengths that correspond to the
notes in the chromatic scale, then order
the straws in one or two columns from

Actividad 1 Creando sonidos musicales
En esta actividad los estudiantes crean
una flauta hecha de popotes.
Materiales: Un paquete de popotes con al
menos 10 popotes. Tijeras, y cinta o hilo
para atar los popotes juntos y en orden.
Proceso:
1.Sigue las instrucciones en la hoja que
muestra los tamaños de los popotes que
corresponden a la frecuencia y nota que
producirán.
2.Después de cortar al menos 12 popotes
que corresponden a las notas de la escala
cromática, ordena los popotes en orden de
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larger to shorter and keep them together
with the string or the tape provided.

grande a pequeño en una o dos filas y
mantenlos unidos con el hilo o la cinta.

Produce: Now that you have created a
flute, wait for your teacher to tell you
when you can practice by blowing in the
straw to produce the notes of the scale.

Ahora que ya hiciste la flauta de pan,
espera que tu maestro te de instrucciones
de cuándo practicar soplando en los
popotes para producir las notas de la
escala.

Now you can play a simple, or more
complicated song by ear or using
notation which can be found on a music
score.

Ahora puedes tocar una canción simple o
compleja de oído o usando una pauta
musical.

Activity 2: Project-Based Learning
(In groups, or pairs), investigate and
create a marimba or similar instrument
by calculating the amount of water in a
bottle to produce the musical notes.

Actividad 2: Basada en Proyecto
(En pareja o grupo) pequeño investigar y
crear una marimba hecha de botellas o
copas de cristal calculando la cantidad de
agua para producir las notas musicales.

Materials: Several bottles/wine glasses,
water. Also use a guitar tuner, or tuner
App to compare or tune the bottles/wine
glasses to match musical notes. C, D,
E, F, G, A, B, C, and the corresponding
sharps and flats to complete the scale:
Do, Re, Mi, Fa, Sol, La, Ti, Do.

Materiales: Varias botellas o copas de
cristal. Usar un afinador de guitarra, o
una aplicación de teléfono para afinar las
botellas o copas de cristal con el
determinado nivel de agua que produzca
el sonido de la nota: Do, Re, Mi, Fa, Sol,
La, Si, Do, y sus correspondientes
Bemoles y Sostenidos que completan la
escala.

Process: Research or test how the
amount of water in a bottle or a wine
glass determines a particular frequency
when blowing in the bottle or striking
with a pencil or piece of wood.
ASSESSMENT:
Find a music score and experiment until
a simple song is produced. Explain in a
short essay how this instrument works
and how musical notes are related to
sound production and music perception
by the ear.

Proceso: Investiga o experimenta como la
cantidad de agua determina la frecuencia
de la nota musical al soplar en la botella o
tocarla con un lápiz o madera.
EVALUACIÓN:
Encuentra una pauta musical y
experimenta hasta que puedas tocar una
canción simple. En un ensayo corto
explica cómo este instrumento se
relaciona a la producción y percepción de
sonido por el oído.
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Further knowledge: What is
environmental noise?
What is noise pollution?

Más allá: Responde a las preguntas,
¿Qué es el sonido ambiental?
Qué es la contaminación de ruido?
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STEAM UNIT IV: LESSON 1
Water Projects
Inquiry Activity: Purifying Water
This lesson can be an introduction to the relevance of Water. In one station, a
bowl covered with clear plastic in which drops of water vapor were suspended from the
surface indicating a method to purify contaminated water through evaporation. Another
station was a hands-on activity in which students poured murky water into a filter made
of various filtering materials to get rid of visible impurities. One more station contained
water treated with chemicals such as chlorine.
This lesson on the process of water treatment, or making water pure from the
environment, can be used as an introduction to other topics around water depending on
the Standards to be addressed at any grade level.
Inquiry Activity 1
Have the stations mentioned above at
different locations in the classroom, to give
students opportunity to focus on one
station at a time.

Actividad por medio preguntas 1
Diga a los estudiantes que en pares
investiguen de qué se trata cada centro
y dé oportunidad a los estudiantes de
que observen y hagan preguntas.

Materials of the experiment to use in this
lesson: Coffee filters, ground coffee, sand,
gravel, wood chips, grass leaves, water,
food colorant, any other safe contaminant
that can be filtered, or separated.

Lista de materiales pare esta lección:
filtros de café, granor de café molidos,
arena, grava, polvo de madera,
colorante de comida, o cualquier otro
contaminante no tóxico, y que se pueda
separar físicamente.

Station 1: A glass bowl with warm water
with food coloring covered with clear
plastic.

Use a Label to Ask: What method do you
think this is to purify water? Under what
conditions would it work? Under what
conditions it wouldn’t work? Explain: is
this physical, chemical, biological, or
mathematical phenomena?

Estaciones 1: Un plato hondo de
cristal con agua mezclada con
colorante natural o artificial de comida.
Use la etiqueta con las siguientes
preguntas alternativas: ¿Qué método
de purificar agua es este? ¿Bajo qué
condiciones crees que funciona? ¿Bajo
qué condiciones crees que no
funciona? Explica, ¿Es fenómeno
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Station 2: This is a hands-on activity in
which students pour murky water into a
coffee filter with gravel, and layers of sand
of different grits to filter water mixed with
coffee grains, and particles of wood, and
grass (no toxic materials, and keep the
water murky but clean to avoid accidents in
case a child ingest it). This should be
enough to get rid of visible impurities in
the water. What about the microscopic
particles?
Station 3: contains water treated with
chemicals such as chlorine.

físico, químico, o biológico, o
matemático que crees que representa?
Estación 2: Agua mezclada con granos
de café, zacate, y pedazos de madera.
Los estudiantes filtran el agua para
comprobar que es posible filtrar el
agua contaminada con partículas
visibles.
¿Pero qué de las partículas
microscópicas que no se pueden ver?
Estación 3: contiene agua tratada o
purificada con cloro, por ejemplo.

Have students in pairs observe the object
related to water in the station and ask each
other open-ended questions related to what
is happening in the station in question.
Inquiry: A set of questions to start the
discussion can be listed on a card next to
the station. Example of inquiry questions:
1. What do you think is happening
here?
2. What State of Matter does it relate
to?

Los estudiantes en pareja observan e
investigan mientras contestan las
preguntas.
Las preguntas que ayudan a guiar esta
actividad de investigación “inquiry”:
1. ¿Qué crees que está pasando
aquí?
2. ¿Qué Estado de la Materia
representa esto?
3. ¿Qué crees que es el propósito
de este experiment?

3. What do you think is the purpose of
this demonstration?

4. What physical, or chemical, or
biological, or mathematical concept
can we relate it or use it to explain
it?

4. ¿Cuál es el concepto al que se
refiere este experimento? Es
biológico, químico, fïsico,
matemático?
5. ¿Se puede volver a repetir este
experimento con los mismos
resultados?
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5. Can this be replicated, and would
this yield the same results?

ASSESSMENT
Ask students (individually or in pairs) to
answer a KWL:
(K) Know,
(W)Want to Know
(L) Learned

EVALUACIÓN
Los estudiantes al fin de la actividad
responden a las preguntas:
Lo que ya sabían,
Lo que quieren saber,
Lo que aprendieron.

Challenge: Research with a Partner
Look up the diagram called: Triple Point
Phase Diagram for Water. The diagram or
graph shows how water changes Phases as
the Pressure and the Temperature varies.

El Reto: En pareja investiga
Busca el diagrama llamado: Diagrama
de Fases del Agua. El diagrama
muestra cómo el agua cambia de fases
dependiendo de la presión y la
temperatura.

Predict: Before you look it up, make a
prediction of what you expect happens
when the Pressure varies, and the
Temperature varies. What do you expect
to see on that graph? What does it look
like?

An interesting phenomenon to consider:
Water on a lake freezes from the top down.
Why is it that it doesn’t start from the
bottom up? There is something interesting
that occurs with the molecules of water at 4
degrees celcius before water freezes. Any
idea how water molecules behave on the
surface of a lake as they are about to reach
0 degrees and start changing phase?
Research: With your partner consider this,
then investigate: There is an effect called
convection and it’s said that plays a very

Predicción: Antes de investigar, haz
una predicción de cómo crees que las
fases del agua cambian cuando varías
la presión y cuando varías la
temperatura ¿Cómo imaginas que se ve
ese diagram?
Un fenómeno interesante para
observer: El agua en un lago se
congela empezando de arriba. Por qué
no empieza de abajo? Existe algo que
ocurre con las moléculas de agua al
alcanzar 4 grados centígrados justo
antes de congelarse. ¿Tienes una idea
cómo se comportan las moléculas de
agua antes de alcanzar 0 grados y
empezar a congelarse?
Investiga: Con tu compañero
considera lo siguiente: Hay un efecto
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important role in preserving life even when
the Lakes are frozen on the surface. How
does convection help preserve life under a
frozen lake?

interesante llamado convección que se
dice que ayuda a preservar la vida aún
cuando el lago está bajo una capa de
hielo. ¿Cómo la convección ayuda a
preservar la vida bajo la capa de hielo
en el lago?
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STEAM UNIT IV: LESSON 2
WATER
The Olympics on Ice
Another similar lesson can be designed with emphasis on the States of Matter,
which is a building block of physical science. This lesson can be designed for students of
any grade level with specific learning expectations depending on State and National
Standard. A lesson on the States of Matter has implications at a variety of levels of
understanding, and connection to a stream of scientific topics, and ideas beyond physics,
chemistry, and math. Think of how this topic can have a connection with art,
environmental issues, life science topics, technology, and math, and even mythologies of
ancient cultures pertaining water perceptions.
One interesting topic directly or indirectly connected to water and the States of
Matter, as well as Forces, conservations of Energy, etc, is The Winter Olympic Games.
How are the Olympic games related to Water and States of Matter? As the author drafts
this lesson on a computer, competitors from all over the world in South Korea take
advantage of the fact that water clouds from water vapor precipitation and crystallized as
water fell on the mountains of South Korea covering the surface with water in the form of
snow and ice. The best athletes, “the practical physicists” compete by sliding down the
white powdery slopes on their skateboards and skies, while others dance, spin, and
gracefully move to a piece of music, sliding on a surface of ice.
These scenes are not only artistic and a representation of the skills and abilities
these athletes are capable of doing, but also are examples of how these athletes have been
able to apply these abstract concepts of physics such as conservation of energy and
momentum, Newton’s Laws (gravity, centrifugal/centripetal force, friction, momentum
and impulse, velocity and acceleration). These “practical physicists” show us those
important physical phenomena through their perfected craft and superhuman abilities.
Activity 1: Relating Water to the
Olympic Games
On one hand, the Olympic Games relate to
the States of Matter. What can be said
about how water makes possible the
performance of these events?

Actividad 1: La Relación entre el
Agua y
los Juegos Olímpicos
Por un lado, los Juegos Olímpicos
tienen una relacionan con los Estados
de la Materia. ¿Que se puede decir
sobre cómo el agua hace posible que se
realicen estos eventos?
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Depending on the grade level, this lesson
can open with a discussion, or a writing
prompt asking the students to relate Water
to the Olympic Games.
Use of Vocabulary for States of Matter:
solid, liquid, gas, and plasma.
Collaboration: A mini lesson on the States
of Matter can help guide the
conversation/interaction to a deeper
understanding related to the grade
Standard of the 4 States of Matter:
solid, liquid, gas, and plasma.

Mini Lesson: States of Matter
An overview of the States of Matter can
consist of a demonstration of how water
can be found in either solid (as ice, hail, or
snow), liquid (a glass of water), gas (as
vapor, or steam from boiling water).
A demonstration having these examples of
water in different states can be done to
make it clear, and to derive more questions
that might emerge to amplify the topic.

Activity 2: Watch a Scene from the
Winter Olympics
The purpose for this activity is to have
students consider the Physical phenomena
surrounding the sport performed on snow
or ice.
Use the list of vocabulary and definitions
for this lesson provided at the Appendix

Dependiendo del grado, esta lección
puede empezarse con una discusión, o
con escritura sobre el tema.
Para la mini-lección usar el
vocabulario de Los Estados de la
Materia:
sólido, líquido, gas, y plasma.
Collaboración: Esta leccion se puede
empezar con una mini lección para
iniciar la discusión hacia un
entendimiento más profundo de los
estados de la materia: sólido, líquido,
gas, y plasma.
La Mini Lección: Los Estados de la
Materia
Dar un repaso general para guiar la
discusión, o interacción a comprender
cómo el agua puede encontrarse en
cualquier estado, en sólido (como
hielo), líquido (como en un vaso de
agua), gas (come en vapor en agua
hirviendo).
Se puede hacer una demostración
teniendo estos tres ejemplos de agua en
diferentes estados de la materia para
hacerlo más fácil de entender, y hacer
más preguntas que puedan surgir para
ampliar el tema.
Actividad 2: Ver una Escena de las
Olimpiadas
El propósito de esta actividad es para
hacer que los estudiantes consideren
los aspectos de la física que toman
lugar en los deportes sobre la nieve y el
hielo.
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to: Present the vocabulary related to this
phenomenon such as: friction, momentum,
moment of inertia, conservation of
momentum, conservation of energy, force,
weight, mass, speed, velocity, acceleration,
Potential Energy, Kinetic Energy, Impulse,
gravity, equilibrium, vector, direction,
normal, parallel.

Select and view a scene in which an
athlete is skiing down the slope and pose
the questions: What physical phenomena is
this athlete as “practical physicist” using?
One of the first to be mentioned would
probably be gravity and friction. If
students are at a level in which they need
to be introduced to these concepts, explain
or ask students to identify the phenomenon
by reading the definitions from the
vocabulary list or card. Proceed with the
other concepts.
Emphasize the concept of Potential
Energy due to height (PE=mgh): the
athlete is carried up and he/she gains
gravitational Potential Energy due to the
height.
When the athlete starts sliding down the
slope, the Gravitational Potential Energy
due to the height, starts being converted to
Kinetic Energy, the energy of motion, until
the athletes completely stops at the end.
This is the concept of Conservation of
Energy

Use la lista de vocabulario y
definiciones para esta lección
incluida en el Apéndice para:
Presentar los términos de vocabulario
correspondiente tales como: Fricción,
momento, conservación del momento
de inercia, conservación de energía,
fuerza, peso, la masa, rapidez,
velocidad, aceleración, Energía
Potencial, Energía Cinética, gravedad,
equilibrio, vector, dirección, normal,
paralelo.
Escoja una escena en la que un atleta
esquiar cuesta abajo y pregunte: ¿Cuál
es el fenómeno que el atleta como
“físico práctico” usa para hacer esto?
El concepto de gravedad y fricción
posiblemente sean los primeros
conceptos a mencionar. Si es necesario
para los estudiantes que necesitan ser
introducidos a estos conceptos por
primera vez, usar la lista del
vocabulario y poco a poco ayudar a los
estudiantes a identificar el concepto
mencionado en la lista o tarjeta.
Enfatizar el concepto de la Energía
Potencial debido a la altura y la
gravedad (EP=mgh, masa, gravedad, y
altura). Las unidades son Joules, pero
no debería ser tan importante al
principio, hasta que se introduzcan
problemas para convertir y calcular
matemáticamente.
Recuerde a los estudiantes que le
Energía Potencial se convierte a
Energía Cinética a medida que el atleta
va descendiendo y desacelera hasta
estar en reposo.
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ASSESSMENT:
Have students draw pictures of a slope and
make predictions of what happens to the
Potential Energy and the Kinetic Energy
and how they get exchanged/Transferred
through the Conservation of Energy.
Have the students label the phenomena
such as the concepts of: friction, gravity,
vector direction, and velocity, when the PE
is 0, and when the KE is 0, and when
PE=KE (halfway of the slope)

EVALUACIÓN:
Para evaluar la comprensión de este
tema, los estudiantes hacen un dibujo o
esquema de una montaña y representan
como la energía Potencial y la Energía
Cinética se transforman debido al
concepto de Conservación de la
Energía.
Los estudiantes incluyen etiquetas de
los conceptos aprendidos tales como
gravedad, direccion, vector, velocidad.
Y demuestran cuando la EP es 0, y
cuando la EK es 0, y cuando Energía
Potencial=Energía Cinética (a la mitad
del camino)
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STEAM UNIT IV: LESSON 3
The Physics of the Olympic Games:
Ice Skating, Snowboarding, Skiing.
Further Study of Concepts and
formulas
View a scene of a skateboarder.
Look at the way the athlete flips in the
air over the ramp. Derive the physical
concepts. One important concept to
investigate is the concept of Moment of
Inertia.
Ask: How this movement in the air is
like a cat rotating his/her body to land
on his/her feet when dropped upside
down.
Discuss how conservation of energy
applies, based on what we learned in
previous lesson.
Further Study: The physical concepts
derived from Figure Skating.
Individual athletes dancing on ice
Observe and identify the following
concepts: Circular motion, centripetal
force, centrifugal force, friction,
momentum, impulse, free fall,
equilibrium.

Más sobre los conceptos y las fórmulas
Ver a un atleta de patineta hacer una serie
de maromas sobre la rampa. El concepto
que hay que investigar es el de el
Momento de Inercia.
¿Cómo este movimiento se parece al
movimiento de un gato cuando se deja
caer boca arriba?
Basado en los conceptos de conservación
de Energía anteriormente, ¿cómo
podemos aplicar el mismo concepto al
atleta de patineta en el aire?

Más sobre las Olimpiadas sobre hielo.
Observa y estudia los conceptos físicos
relacionados con los bailarines sobre
hielo.

Couples dancing on ice

Individuales.
Observa e identifica los siguientes
conceptos: movimiento circular, fuerza
centrípeta/centrífuga, momento, impulse,
caída libre, equilibrio, etc…

What is happening to their center of
mass?

En pareja. ¿Qué pasa con el centro de
masa de la pareja en movimiento?

How do they stay in equilibrium?

¿Cómo se mantienen en equilibrio?

95

STEAM UNIT IV: LESSON 4
A Project-Based Learning on Water and Social Justice
Activity 1: Research. (PBL projects
can last days or weeks to develop)
Identify the Problem: In small
groups, have students identify a
problem or social justice issue
regarding water in their community.
Research: Have the students conduct
research and take notes in their science
journal regarding water and their
community.
The students might identify issues such
as cost, contaminated water, sectors of
the community wasting water, etc…
Activity 2: Survey in the Community
and City. Investigate if there are any
agencies where more information can
be gathered to answer questions from
primary sources. Develop a set of
questions to use when conducting a
survey about the problem identified.
Questions to consider and respond
for report and final presentation:
(Activity can be developed more)
How this issue affects my community?
What solutions can we propose?
What can we, as students and members
of the community do about it?

Actividad 1: Investigación. (Proyectos de
PBL pueden durar dias o semanas para
desarrollarse)
Identificar el Problema: En grupos
pequeños los estudiantes investigan sobre
el agua y la conexión con la comunidad
donde viven o van a la escuela.
Investigación: Los estudiantes investigan
y escriben en su diario de ciencia.
Identifican un problema que enfrenta la
comunidad con el agua. Por ejemplo: agua
contaminada, agua racionada por las
autoridades, costo excesivo en los pagos de
agua, agua desperdiciada por ciertos
sectores de la comunidad.
Actividad 2: Encuesta en su comunidad.
Investiga si existe alguna agencia u oficina
donde puedas encontrar información de
fuentes primarias. Escribe una lista de
preguntas para usarse cuando conduzcas la
encuesta sobre el problema identificado.

Inquiry Questions Regarding Water:
Water and the community: Have
students investigate the issues
concerning water.

Preguntas para considerar y responder
en su reporte y presentación final:
(Esta actividad se puede desarrollar mas)
¿Cómo afecta este problema o situación a
mi comunidad? ¿Qué solución podemos
proponer? ¿Qué podemos hacer al respect
como estudiantes y miembros de la
comunidad?
Preguntas de investigación con
referencia al agua: El agua y la
comunidad: Haga que los estudiantes
investiguen sobre el tema del agua.

What is the value of water in the state,
city, or community?

¿Cuál es el costo del agua en tu Estado,
ciudad, o comunidad?
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Where is water coming from? Visit the
site where water is coming from.

¿De dónde viene el agua en tu comunidad?
Visita el lugar si es posible.

How is water treated before getting
home? What is the process of
treatment? What is the cost of treating
that water?

¿Cómo se trata o se limpia el agua antes de
llegar a tu casa? Cuál es el proceso de
limpieza? ¿Cual es el costo para limpiar el
agua?

Is water abundant in the community?
Are there seasons when water is
limited and scarce? Is it underground
water or from a river or dam?
Contaminants:
What are the minerals good and bad
that are found in the water of that
community? What are the causes of
those minerals existing in the water?
What are those minerals coming from?
Can they be traced?

¿Es el agua abundante o hay temporadas
cuando el agua se agota en tu comunidad
¿Es agua subterránea? ¿de un rio? ¿De un
lago?
Contaminantes:
¿Qué contaminantes comúnmente se
encuentran en el agua de tu comunidad?
¿Qué causa que esos contaminantes
terminen el agua? ¿De dónde provienen
esos contaminantes?

Is it possible that there are heavy
metals and other elements, including
radioactive elements in the city water?
What is the source, the cause, and the
threat to health and community?
Reflect and discuss in groups or
whole class:
Who owns the water and the the
natural resources such as air, plants,
and who is responsible for the pollution
and contamination?
Assessment: A PowerPoint or poster
presentation in pairs or groups. Write a
letter to the City Authorities sharing
their findings petitioning to consider
taking steps to solve the problem that
affects their community.

Es posible encontrar metales pesados y
otros elementos, incluso elementos
radioactivos en el agua de la comunidad?
¿Cuáles son las fuentes de esos elementos?
.
Reflecciona y discute en grupos o toda la
clase:
¿De quién es el agua y los recursos
naturales como el aire, las plantas, y quién
es responsable por la contaminación
ambiental?
Evaluación: Una presentación de
PowerPoint o “Poster” en pareja o grupo.
Escribir una carta a las Autoridades de la
Ciudad reportando lo que encontraron y
pidiendo que consideren tomar pasos a
resolver el problema que afecta su
comunidad.
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STEAM UNIT IV: LESSON 5
Water: Project-Based Learning with Social Justice
Internet Research: What is in Water?
Research: Using Internet or any other
source, students investigate further
about the dangers of heavy metals and
other elements present water in certain
communities. A social Justice Issue.
PBL

Investigar: Usando fuentes de información
tales como el internet, los estudiantes
investigan sobre la presencia de metales
pesados en el agua de algunas
comunidades.
Un Caso de Justicia Social. PBL

Activity 1: Read Two Articles
Perhaps one on Lead poisoning and one
on Water issues

Actividad 1: Leer dos artículos para
analizar y emas.
Puedes leer un reporte sobre
envenenamiento por Plomo, y el otro sobre
el tema de Agua.
Actividad Para Artes del Lenguaje en
Español: Analiza, infiere, usa la
información de los dos artículos y escribe
un resumen sobre los dos artículos.

English Language Arts Activity:
Analyze, infer, merge the info of both
articles and write a conclusion and or
summary about the articles.
Based on a writing rubric of
informational text, or scientific article
provided by the teacher, the students
write an essay about their research. The
essay, or report must show connection
between an issue existing in the
community or school, and their own
lives. The essay also propose ways to
solve or to contribute to the solution of
the problem.
Questions to Investigate: Refer to
previous Lesson to answer more in
detail one or more questions referring to
the community issue of polluted
drinking city water.

Basado en una una rúbrica sobre texto
informativo, o reporte de investigacion que
prove el maestro, los estudiantes escriben
un ensayo o reporte sobre lo que
investiguen. El ensayo, o reporte debe
mostrar una conección entre el problema
de la comunidad o la escuela, y sus vidas.
El ensayo tambien propone formas de
resolver o cómo contribuir a la solución.
Preguntas a investigar: Usa información
de la lección anterior para enfocarte en
investigar y contestar una o mas preguntas
sobre el problema que enfrenta la
comunidad por la presencia de metales y
contaminantes en el agua potable.
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The Danger of Heavy Metals found in
Water such as Mercury and Lead, as
well as radioactive elements.

El peligro de los Metales pesados en el
agua, tales como Mercurio, Plomo, y otros
elementos radioactivos.

What is the danger that those elements
pose to the community at large, to pets,
to babies?
Activity 3: More detailed study on
the elements and their properties.

¿Qué peligro hay para la comunidad, los
niños, y las mascotas?

Chemistry and Earth Science:
Identifying in the Periodic Table the
minerals found in water

Química y Estudio de la Tierra:
Identificando en la Tabla Periódica los
elementos encontrados en el agua.

How do we identify them in the
Periodic Table of the elements?

¿Qué propiedades puedes encontrar sobre
esos elementos?

What are the properties of such
elements?

¿Puedes identificar esos elementos en la
Tabla Periódica?

Focus on Heavy Metal Elements in
water such as Lead, Mercury.

Enfócate en elementos pesados en el agua,
tales como Plomo o Mercurio.

Focus on radioactive elements existing
in water and the environment. Make
conexions with the Periodic Table.
Discuss about their attributes and
applications in the world.

Enfócate en investigar elementos
radioactivos en el agua y el ambiente y haz
conexiones con la Tabla Periódica.
Discute sobre sus atributos y aplicaciones
en el mundo.

Assessment: A PowerPoint or poster
presentation of their findings in pairs or
groups. A written report of their
experience and reflexions on what they
learned and how it affects their lives and
community.

Evaluación: Una presentación de
PowerPoint o “Poster” en pareja o grupo.
Un reporte individual donde los estudiantes
reporten lo que encontraron incluyendo
una reflexión sobre lo que aprendieron y
cómo este problema se relaciona y afecta
su vida y su comunidad.

Actividad 3: Estudia más detallado
sobre los elementos y sus propiedades.
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STEAM UNIT V
Topics Explorations
On the Shoulders of Giants
The Heroes of Science
Objective: The student will explore and identify the contributions made by scientists and
mathematicians throughout history.
Standards: (The teacher defines the target standards depending on focus). This lesson
includes the use of critical thinking, exploration, the application of science and math in
engineering, and various aspects relevant to the disciplines of STEAM and the 3-D
Framework of the NGSS. This lesson can be used to assess aspects of Language Arts
(Wriring, Reading, Comphehension, Reporting, Presenting), as well as Arts (role playing,
acting, writing a song about their heroe, or science or math theme).
Questions for the students: How do we relate to those scientists, mathematitians and
engineers who have changed the world through their ideas? What idea can we find
fascinating that we would want to take as a challenge to understand or even to continue
studying in the future?
Make predictions: Which scientists will be our favorite after this investigation of
Science Heroes? Who is your Science Hero? What about your Math Hero?
Introduction and Background:
Without knowing about those men and women of science, mathematics, and
engineering--what they did, their challenges, an how they lived we cannot relate to their
story. We can learn to appreciate their genius and how what they created with their
hands, or with their mind alone, changed the world. Some of them, designed ways to
solve problems to make our life better. Some of them lived centuries ago, others lived
more recently. Have you ever heard such names of inventors/scientists such as: Stirling,
Faraday, Thomson, Alva Edison, Tesla, Washington Carver, Benjamin Franklin, Steve
Jobs, Martin Couper, the Wright brothers, etc?
Some were inventors of machines or instruments, others had abstract ideas about
how the laws of nature work, and were able to construct Physics, Chemistry,
Mathematics models such as Newton, Galileo, Gauss, Euler, Poncare, Cantor,
Mendeleev, Marie and Pierre Curie, Einstein, Bohr, Pauli, Shrodinger, Feynmann, etc...
They observed nature and designed experiments that simulated nature in a small scale in
a lab, or they used the outdoors, and even the space as the solar system, stars, etc...
Imagine, a century ago, the Write Brothers making the first airplane prototype.
Then, less than a century later, astronaut Neil Armstron reaching the surface of the moon
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in the Apollo 11 in July 11, 1969. Both, engineers like the Write Brothers, and Scientists
like Newton and others, made that possible.
Yet, others were faced with math problems that solved world problems like Gauss
using math to predict the path and position of satellites in the solar system and now his
formula of “normal distribution” which is used to predict all kinds of things from
economy growth to the effectiveness of medicines, and even the grades of students relate
to that.
One man named Dmitri Mendeleyev was able to predict that some elements were
still missing in the Periodic Table. Years later, they were discovered, and it was proved
that they also had the exact attributes and characteristics he predicted. This is a real
science hero,that I would like to know more about his life and what he did.
Others were more abstract in their math thinking, such as Fourier imagining heat
being a wave and finding a math model to explain it. Ramanujan, for example, a poor
Indian mathematician helped solve math problems that took many years to solve until his
notes were found many years after his death.
Yet others were attracted by the beauty and the patterns displayed in nature, such
as the Seasons of the year, The Moon’s Phases, the random position of the stars, the
movement of the planets (like Kepler, Tycho Brahe, Galileo, Newton, etc.), the tide at
sea, the patterns in the musical sounds (such as Archimedes’ discoveries of frequencies
related to ratials in pipe lengths).
There were also women who contributed to the advancement of science and math,
and technology: Marie Curie, Emmy Noether, Ada Lovelace, Lise Meitner, Rosalind
Franklin, etc. Recommended Resource on History of Science: “Galileo’s Daughter” by
Dava Sobel (1999), and “Galileo’s Commandment”, edited by Edmund Blair Bolles
(1997).
Who is your STEAM or Science Hero or Heroine?
My Science Hero or Heroine is:

Mi Héroe o Heroína de la Ciencia es:

Describe what He or She did

Describe lo que El o Ella hizo

Describe details about his or her life that
were important in his or her
development in that area of study.
Design one his or her ideas and describe
how it works or how it fits in that area
of knowledge.
How would you inspire others to learn
more about your heroe?

Describe detalles de su vida que
contribuyeron a que él o ella se desarrollara
en esa área de investiga.
Diseña un modelo de una de sus ideas.
Describe cómo sirve esa idea en esa área de
conocimiento
¿Cómo puedes motivar a alguien para que
aprenda más sobre tu héroe?
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APPENDIX A
Internet Resources for Teachers

American Association of Physics Teachers
http://aapt.org/k12/
http://aapt.org/k12/customcf/AAPTthankyou.cfm?go=1&mrk=7102
Designing Units and Lesson Plans
http://ngss.nsta.org/designing-units-and-lessons.aspx
Galileo Galilei Biography and Primary Sources
https://www.c-span.org/video/?154176-1/galileos-daughter
Hubble Space Telescope
https://www.nasa.gov/mission_pages/hubble/main/index.html
International Space Station
https://www.nasa.gov/mission_pages/station/main/index.html
International System of Units
https://en.wikipedia.org/wiki/International_System_of_Units
NASA Education
https://www.nasa.gov/offices/education/about/index.html
Nasa for Students
https://www.nasa.gov/audience/forstudents/index.html
NGSS for California Public Schools, K-12
https://www.cde.ca.gov/pd/ca/sc/ngssstandards.asp
Planning an NGSS Curriculum
http://ngss.nsta.org/Curriculum-Planning.aspx
Science Teaching with Technology
https://www.vernier.com/
https://www.pasco.com/index.cfm
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APPENDIX B
Teacher’s Notes
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