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;2 INTRODUCTION
<3
@ ; The Full Option Science System™ has evolved from a philosophy
o . . .
E S of teaching and learning at the Lawrence Hall of Science that has
% 8 guided the development of successful active-learning science
© g curricula for more than 40 years. The FOSS Program bridges
2 = research and practice by providing tools and strategies to engage
o8 students and teachers in enduring experiences that lead to deeper
s . .
g understanding of the natural and designed worlds.
=
£5
55 Science is a creative and analytic enterprise, made active by our
fNs . . . .
€3 human capacity to think. Scientific knowledge advances when
§ g scientists observe objects and events, think about how they relate
22 to what is known, test their ideas in logical ways, and generate
oy explanations that integrate the new information into understanding
2% . .
= of the natural world. Engineers apply that understanding to solve
8 :g real-world problems. Thus, the scientific enterprise is both what
0=z we know (content knowledge) and how we come to know it
(practices). Science is a discovery activity, a process for producing
new knowledge.
The best way for students to appreciate the scientific enterprise,
learn important scientific and engineering concepts, and develop
the ability to think well is to actively participate in scientific
practices through their own investigations and analyses. FOSS
was created to engage students and teachers with meaningful
experiences in the natural and designed worlds.
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GOALS OF THE FOSS PROGRAM

FOSS has set out to achieve three important goals: scientific literacy,
instructional efficiency, and systemic reform.

Scientific Literacy

FOSS provides all students with science experiences that are appropriate
to students’ cognitive development and prior experiences. It provides

a foundation for more advanced understanding of core science ideas
which are organized in thoughtfully designed learning progressions and
prepares students for life in an increasingly complex scientific and
technological world.

The National Research Council (NRC) in A Framework for K—12
Science Education and the American Association for the Advancement of
Science (AAAS) in Benchmarks for Scientific Literacy, have described the
characteristics of scientific literacy:

 Familiarity with the natural world, its diversity, and its
interdependence.

* Understanding the disciplinary core ideas and the cross-cutting
concepts of science, such as patterns; cause and effect; scale,
proportion, and quantity; systems and system models; energy and
matter—flows, cycles, and conservation; structure and function;
and stability and change.

» Knowing that science and engineering, technology, and
mathematics are interdependent human enterprises and, as such,
have implied strengths and limitations.

* Ability to reason scientifically.

* Using scientific knowledge and scientific and engineering
practices for personal and social purposes.

The FOSS Program design is based on learning progressions that
provide students with opportunities to investigate core ideas in science
in increasingly complex ways over time. FOSS starts with the intuitive
ideas that primary students bring with them and provides experiences
that allow students to develop more sophisticated understanding as
they grow through the grades. Cognitive research tells us that learning
involves individuals in actively constructing schemata to organize new
information and to relate and incorporate the new understanding into
established knowledge. What sets experts apart from novices is that
experts in a discipline have extensive knowledge that is eftectively
organized into structured schemata to promote thinking. Novices
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have disconnected ideas about a topic that are difficult to retrieve and
use. Through internal processes to establish schemata and through
social processes of interacting with peers and adults, students construct
understanding of the natural world and their relationship to it. The
target goal for FOSS students is to know and use scientific explanations

of the natural world and the designed world; to understand the nature
and development of scientific knowledge and technological capabilities;
and to participate productively in scientific and engineering practices.

Instructional Efficiency

FOSS provides all teachers with a complete, cohesive, flexible, easy-
to-use science program that reflects current research on teaching and
learning, including student discourse, argumentation, writing to learn,
and reflective thinking, as well as teacher use of formative assessment
to guide instruction. The FOSS Program uses effective instructional
methodologies, including active learning, scientific practices,

focus questions to guide inquiry, working in collaborative groups,
multisensory strategies, integration of literacy, appropriate use of digital
technologies, and making connections to students’ lives, including

the outdoors.

FOSS is designed to make active learning in science engaging for
teachers as well as for students. It includes these supports for teachers:

* Complete equipment kits with durable, well-designed materials
for all students.

* Detailed Investigations Guide with science background for the
teacher and focus questions to guide instructional practice and
student thinking.

* Multiple strategies for formative assessment at all grade levels.

* Benchmark assessments (grades 1-5) with online access for
administering, coding, and analyzing assessments (grades 3-5).

* Strategies for use of science notebooks for novice and
experienced users.

* FOSS Science Resources, a book of module-specific readings with
strategies for science-centered language development.

* The FOSS website with interactive multimedia activities for
use in school or at home, suggested interdisciplinary-extension
activities, and extensive online support for teachers, including
teacher prep videos.
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Systemic Reform

FOSS provides schools and school systems with a program that
addresses the community science-achievement standards. The FOSS
Program prepares students by helping them acquire the knowledge and
thinking capacity appropriate for world citizens.

The FOSS Program design makes it appropriate for reform efforts on
all scales. It reflects the core ideas to be incorporated into the next-
generation science standards. It meets with the approval of science and
technology companies working in collaboration with school systems,
and it has demonstrated its effectiveness with diverse student and
teacher populations in major urban reform efforts. The use of science
notebooks and formative-assessment strategies in FOSS redefines the
role of science in a school—the way that teachers engage in science
teaching with one another as professionals and with students as learners,
and the way that students engage in science learning with the teacher
and with one another. FOSS takes students and teachers beyond the
classroom walls to establish larger communities of learners.
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BRIDGING RESEARCHINTO
PRACTICE

The FOSS Program is built on the assumptions that understanding
core scientific knowledge and how science functions is essential for
citizenship, that all teachers can teach science, and all that students can
learn science. The guiding principles of the FOSS design, described
below, are derived from research and confirmed through FOSS
developers’ extensive experience with teachers and students in typical
American classrooms.

Understanding of science develops over time. FOSS has elaborated
learning progressions for core ideas in science for kindergarten through
grade 6. Developing the learning progressions involves identifying
successively more sophisticated ways of thinking about core ideas

over multiple years. “If mastery of a core idea in a science discipline

is the ultimate educational destination, then well-designed learning
progressions provide a map of the routes that can be taken to reach that
destination” (National Research Council, A Framework for K—12 Science
Education, 2012).

Focusing on a limited number of topics in science avoids shallow
coverage and provides more time to explore core science ideas in
depth. Research emphasizes that fewer topics experienced in greater
depth produces much better
learning than many topics

briefly visited. FOSS affirms

FOSS Next Generation—Elementary Module Sequences
PHYSICAL SCIENCE | EARTH SCIENCE LIFE SCIENCE
this research. FOSS modules

DYNAMIC
ATMOSPHERE
provide long-term engagement

(9—10 weeks) with important 5 Earth
science ideas. Furthermore,
modules build upon one

another within and across each ‘ 4
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strand, progressively moving
students toward the grand ideas
of science. The core ideas 3 “glt:::t:d
of science are difficult and
complex, never learned in one : Solids and Pebbles, Sand, -
lesson or in one class year. Liquids and St fseCts A

1 Sound and Light | Airand Weather Plaqts and

Animals
K Materials and Motion Trees and Animals Two by
Weather Two
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Science is more than a body of knowledge. How well you think is
often more important than how much you know. In addition to the
science content framework, every FOSS module provides opportunities
for students to engage in and understand science practices, and many
modules explore issues related to engineering practices and the use

of natural resources. FOSS promotes these science and engineering
practices described in A Framework for K—12 Science Education.

* Asking questions (for science) and defining problems (for
engineering)

* Developing and using models

* Planning and carrying out investigations
 Analyzing and interpreting data

 Using mathematics, and computational thinking

* Constructing explanations (for science) and designing solutions
(for engineering)

* Engaging in argument from evidence
 Obtaining, evaluating, and communicating information

Science is inherently interesting, and children are natural
investigators. 1t is widely accepted that children learn science
concepts best by doing science. Doing science means hands-on
experiences with objects, organisms, and systems. Hands-on activities
are motivating for students, and they stimulate inquiry and curiosity.
For these reasons, FOSS is committed to providing the best possible
materials and the most effective procedures for deeply engaging students
with scientific concepts. FOSS students at all grade levels investigate,
experiment, gather data, organize results, and draw conclusions based on
their own actions. The information gathered in such activities enhances
the development of scientific and engineering practices.

Education is an adventure in self-discovery. Science provides the
opportunity to connect to students’ interests and experiences. Prior
experiences and individual learning styles are important considerations
for developing understanding. Observing is often equated with seeing,
but in the FOSS Program all senses are used to promote greater
understanding. FOSS evolved from pioneering work done in the 1970s
with students with disabilities. The legacy of that work is that FOSS
investigations naturally use multisensory methods to accommodate
students with physical and learning disabilities and also to maximize
information gathering for all students. A number of tools, such as the
FOSS syringe and balance, were originally designed to serve the needs
of students with disabilities.
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Formative assessment is a powerful tool to promote learning and
can change the culture of the learning environment. Formative
assessment in FOSS creates a community of reflective practice. Teachers
and students make up the community and establish norms of mutual
support, trust, respect, and collaboration. The goal of the community is
that everyone will demonstrate progress and will learn and grow.

Science-centered language development promotes learning in

all areas. Effective use of science notebooks can promote reflective
thinking and contribute to life long learning. Research has shown that
when language-arts experiences are embedded within the context of
learning science, students improve in their ability to use their language
skills. Students are eager to read to find out information, and to share
their experiences both verbally and in writing.

Experiences out of the classroom develop awareness of
community. By extending classroom learning into the outdoors,
FOSS brings the science concepts and principles to life. In the process
of validating classroom learning among the schoolyard trees and shrubs,
down in the weeds on the asphalt, and in the sky overhead, students will
develop a relationship with nature. It is our relationship with natural
systems that allows us to care deeply for these systems.
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FOSS NEXT GENERATION K-8
SCOPE AND SEQUENCE

Grade | Physical Science Earth Science Life Science
Waves* Heredity and Adaptation®
Gravity and Kinetic Energy* | Planetary Science Human Systems Interactions*
6-8 Chemical Interactions Earth History Populations and Ecosystems
5§?;g:2a3:;g::%rf . Weather and Water Diversity of Life
5 Mixtures and Solutions Earth and Sun Living Systems
4 Energy Soils, Rocks, and Landforms | Environments

- Motion and Matter

Water and Climate

Structures of Life

2 Solids and Liquids Pebbles, Sand, and Silt Insects and Plants
1 Sound and Light Air and Weather Plants and Animals
K Materials and Motion Trees and Weather Animals Two by Two
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* Half-length course

FOSS is a research-based science curriculum for grades K-8 developed at the Lawrence Hall of Science,
University of California, Berkeley. FOSS is also an ongoing research project dedicated to improving the
learning and teaching of science. The FOSS Program materials are designed to meet the challenge of
providing meaningful science education for all students in diverse American classrooms and to prepare
them for life in the 21st century. Development of the FOSS Program was, and continues to be, guided by
advances in the understanding of how people think and learn.

With the initial support of the National Science Foundation and continued support from the University
of California, Berkeley, and School Specialty, Inc., the FOSS Program has evolved into a curriculum for all
students and their teachers, grades K—8.
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