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Three-Year Model: Every Science, Every Year 
Comparison of High School Science Sequence Models 
The CA Science Framework presents three alternative curricular sequences for implementing instruction to meet the CA NGSS.  The Four Course Model presents disciplinary core ideas (DCI) in four discipline-specific courses:  biology, chemistry, physics and earth & space science (ESS).  The Three Course ESS-Integrated Model integrates all earth and space science DCIs into biology, chemistry, and physics courses.  In contrast with both of these models, the Three Year Model called “Every Science, Every Year” present all of the major subdisciplines of science in a developmental progression that unfolds during three successive courses.  The purpose of this coordinated model is to use disciplinary core ideas (DCI), science and engineering practices (SEP), and crosscutting concepts (CCC) to coordinate and blend biology, chemistry, physics and geoscience into a unified science curriculum that promotes the development and application of reasoning skills and concepts within, between, and beyond traditional curricular boundaries, in order to promote the development of transferable reasoning skills that can be used throughout life.
 This model is designed to help students learn to apply the crosscutting concepts across traditional disciplinary lines to make sense of new learning.  Although all models emphasize the use of crosscutting concepts, the Three Year Model employs crosscutting concepts as the organizing principle.  Figures 2, 3, and 4 illustrate the flow of learning in courses in year one, two, and three. Single-tipped arrows indicate that prior material serves as a foundation for understanding subsequent material.  Double-tipped arrows indicate that material from one DCI can promote the development of understanding of another DCI, and vice versa.  Terms on the arrows are examples of concepts that may be used to help connect learning of both DCIs. 
Three-Dimensional Learning
[image: image5.png]


The NGSS are designed to encourage “three-dimensional learning”, symbolized by the logo shown in figure 1.  The three dimensions are disciplinary core ideas (DCI), science and engineering practices (SEP), and crosscutting concepts (CCC).   Students employ science and engineering practices to learn disciplinary core ideas.  In the process, they apply crosscutting concepts across traditional disciplinary boundaries.  CA NGSS performance expectations (PEs) provide a framework for assessing this three-dimensional learning.   
Three-dimensional learning requires students to think like scientists and engineers.  They must employ science and engineering practices to solve problems and understand concepts.  Rather than memorizing the discoveries and inventions of others, three-dimensional learning requires students to ask questions that will lead to personal discoveries to explain phenomena, and define problems that can be solved using simple engineering principles.  Rather than simply memorizing the models developed by scientists and engineers, three-dimensional learning requires that students develop their own models to represent how the world works.   Rather than simply studying the investigations of famous researchers, three-dimensional learning requires that students plan and conduct investigations, analyze and interpret the data, and use mathematics and computational thinking to describe what they find.  Finally, three-dimensional learning requires students to construct explanations and design solutions, to defend such explanations and designs using evidence, and to evaluate and communicate their ideas to others.  
For students to think like engineers and scientists, they need to apply crosscutting concepts between multiple disciplines or topics.  For example, students who are trained to see patterns in the distribution of earthquakes and volcanoes will be better able to recognize patterns in species distribution within an ecosystem.  Students who think like scientists and engineers realize that patterns in data suggest underlying causes.  Earthquakes and volcanoes are not randomly distributed around the world, but appear in specific groupings that suggest common underlying causes.  Similarly, organisms are not randomly distributed in an ecosystem, but are found in distributions determined by underlying causes such as microclimate and soil type.  Using three-dimensional learning, students apply the principle of cause and effect to a wide variety of phenomena, regardless of traditional disciplinary classifications.  Three-dimensional learners understand that concepts such as scale, proportion and quantity are helpful for understanding disciplinary core ideas in biology, chemistry, physics, and earth and space science.  They learn that such concepts as energy, structure and function, and stability and change can be used in all science disciplines, thereby leveraging their knowledge to simplify the learning of new material. 
The Three-Year Model and Crosscutting Concepts 

Biology studies living systems, physics studies the nature and properties of matter and energy, chemistry studies the ways in which matter interacts, combines and changes, and earth science integrates all the sciences to understand the history of the Earth and how humans interact with it. Although these sound like distinct fields of study, there is much overlap as seen in the names of other disciplines such as biophysics, biochemistry, and physical chemistry.  Although the Four Course and Three Course with  ESS-Integrated Models chose to organize learning according to these traditional curricular divisions, the Three-Year Model: Every Science, Every Year, recognizes these logical groupings of disciplinary core ideas but relies more heavily on crosscutting concepts as an organizing principle.  For example, in a traditional curricular sequence, students will learn the concept of energy and its applications in the context of one of the four major scientific disciplines.  In biology, they will discuss the flow of energy through organisms and ecosystems, while in chemistry they will study reactions that give off energy (exothermic) or consume energy (endothermic) from their environment.  In space science they may discuss energy production in stars, while in physics they define energy as the capacity to do work.   Although students are introduced to the same concept four times over, they may not fully realize that energy is energy, regardless of the discipline being studied. 
The Three-Year Model: Every Science, Every Year highlights crosscutting concepts by discussing applications of such concepts in all four basic sciences within the same course.  For example, in a traditional, discipline-specific earth and space science course, a student may study weather and climate as an isolated topic, but in the Three-Year Model: Every Science, Every Year, the student would be learning about weather and climate in the same course as some basic physics, chemistry and biology concepts.  Figure xx illustrates a few of the many crosscutting concepts that can be used to integrate the sciences.  For instance, a student may learn that the energy of a hurricane can be expressed either as the total amount of energy released by the condensation of water droplets, or by the amount of kinetic energy generated to maintain the strong swirling winds.  He or she will already be familiar with the concept of energy, having learned about it earlier in the course when it was introduced in a physics unit.  The student will know that energy is the capacity to do work and that work is the product of force and distance and will therefore better grasp how hurricanes generate strong winds.  Later in the semester, the student will learn how hurricanes help cycle energy and matter in ecosystems and how they may exert a selective pressure on plant and animal species in regions where they are common.  Regardless of the curricular sequence one uses, the teacher should strive to help students develop 3D-learning by introducing activities that require students to use science and engineering practices while applying crosscutting concepts to meet the Demands of the performance expectations (PE). 

Pedagogically-Sound Learning Progression   
When developing a curricular sequence for an integrated science course, educators should consider arrangements that facilitate three-dimensional learning, maximizing the use of science and engineering principles and the application of crosscutting concepts to learn new disciplinary core ideas.  Knowledge and skills should build within a course and between courses. The executive summary of the NGSS states that “The emphasis of the NGSS is a focused and coherent progression of knowledge from grade band to grade band, allowing for a dynamic process of building knowledge throughout a student’s entire K-12 scientific education” (NGSS, Executive Summary).  The Three-Year Model: Every Science, Every Year strives to achieve this goal.
The sequence suggested in this outline is designed so that fundamental and transferable concepts are taught earlier in the sequence so that students can use them to learn more complex and specific concepts later in the sequence.  “Fundamental concepts” are those that are necessary for understanding more specialized concepts, whereas “transferable concepts” are those that have wide-applicability and can be used to unify learning across traditional disciplinary lines. When examining the curricular overview (Figure xx), one will notice that DCIs are arranged from top to bottom and from left to right.  The concepts in the upper left of a course are more fundamental and transferable than the concepts in the lower right. For example, in course 1 (Figure 2), the physical science concepts of forces and motion are introduced first because they can be used to understand concepts such as the structure and function in animals (e.g. muscle action, body levers, kinesiology), and the forces moving tectonic plates and eroding the physical landscape.  In addition, more basic concepts are introduced in course 1 so that they can be applied in course 2 (Figure 3), and less-basic concepts are introduced in course 2 so that they can be applied in course 3 (Figure 4).  For example, forces are introduced in course 1 as pushes and pull, so that one can understand what energy accomplishes through the four fundamental forces when energy is introduced in course 2.  Similarly, the structure of the atom is introduced in course 1 so that students are prepared to understand the chemistry of biogeology in course 2 as well as nuclear reaction in course 3.  The structure of the atom is a more fundamental concept that can be used to explain the later two concepts, while neither nuclear reactions nor bio-geology can be used as well to introduce students to the structure of the atom. 
Engaging Learners in Each Course
Students will tend to lose interest in science if they cannot see the relevance and application of what they are learning to their everyday lives.  Thus, it is important to structure the curriculum such that students see the applicability of what they are learning to the world around them.  For example, when discussing basic concepts such as forces and motion, it is advantageous to give students a glimpse into the application of these concepts.  Students may have relatively little interest in Newton’s laws until they understand that they can be used to predict a myriad of things such the trajectory of a baseball, the propulsion of a rocket, the braking distance of a car, the twirling of an ice skater, or the movement of ground in an earthquake.  The science teacher should make sure to introduce a wide range of applications to everyday life whenever they introduce a new scientific concept that is appropriate to the context of the classroom or school. 
Performance Expectations and Curricular Sequence 

The performance expectations (PE) represent what all students should know and be able to do.  All students should be held accountable for demonstrating their achievement of all performance expectations, which are written to allow for multiple means of assessment.   It is important that the first two courses in this sequence adequately prepare them for the standardized assessments so that they can perform well even if they take only two years of the sequence.  We have taken this into account when designing the curricular sequence proposed in Figure 5.  Course 1 introduces students to basic concepts, while course 2 provides greater depth and extends understanding to new domains.  Although all of the material in course 3 is important, we feel it is possible to do well on an assessment if the material in course 1 and course 2 is learned well. 
Figure 2: Diagram illustrating the connection between the disciplinary ideas in the first year of the Three-Year Model: Every Science, Every Year
[image: image1.png]PS2: Motion and Stabity

- Forces and Interactions

Course 1

PS2A: Forces and Mation

H

PS28: Types of Interactions.

moton

Coulomiys Law  leverage
PSLA Structures and . 4
roperss ofater 2

H

Reaciions

P18 Chemical
—————
)]

materials

LS1A: Strucure and Function

materials

H

‘metabolism

L518: Growth and
Develompentof Organisms

1

F

photosynthesis
Newton's Laws

LS1: From Molecules to
Organisms L51C:Organizaton for Mater

‘and Energy Fiow in
Organisms

elecromagnetism

| DU
force.

!

chemical signals

LS10: Information Processing

pressure

1

ESS2: Earth Systems

‘ESS2A: Earth Materals and |4———————|

systems forces

ES528: Plate Tectonics and |41 motion
Large-Scale Systems

ESS2C: The Role of Water in
Earths Surface Processes

Applying PS, LS and ESS

Principles in engineering
cycle to solve problems

ETSL: Engineering
Technology and

Applications of
‘Science

ETSIA: Defining and
Delmiting and Engieering

H

ETS18: Daveloping Possit
‘Soluions.

H

ETS1C: Opimizing the
Design Soluton

g





Figure 3: Diagram illustrating the connection between the disciplinary ideas in the second year of the Three-Year Model: Every Science, Every Year
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Figure 4: Diagram illustrating the connection between the disciplinary ideas in the third year of the Three-Year Model: Every Science, Every Year
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Figure 5: Summary table of all the three years of the Three-Year Model: Every Science, Every Year.
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Table of PEs added here.
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