
PART 1: BUSINESS PLAN | CONFIDENTIAL 
 

 

 SolarQuest L3C, Business Plan, Part 1 | FN: 001_01_SQ_L3C_26_MAR_2015_VSBOE_P1                                                                    Page 13 of 58 

Section 4, Science Standards & Curriculum  

4.1. Next Generation Earth and Space Science Standards 

Integrated SD Modeling and DVG technologies provide an interactive, instructional technology toolkit for teachers to 
support the implementation of Next Generation Science Standards (NGSS) in Earth and Space Science (ESS) in their 
classrooms at all NGSS grade-levels and classifications: Grades K-5, Middle School (Grades 6-8) and High School (Grades 9-
12). Existing DVG-based content (Section 2.2) provides animations and visualizations of ESS-based models for NGSS 
classifications in Earth Systems (ESS2) and Earth and Human Activity (ESS3) appropriate for most grade levels. The 
Company plans to develop additional DVG content aligned to NGSS standards at all grade levels.  

NGSS rely heavily upon the teaching of crosscutting concepts of patterns, cause and effect, systems and system models, and 
interdependence of science, engineering, and technology beginning at early grade levels, including Kindergarten. Students 
are expected to understand Systems Models of Earth’s Biosphere and construct an argument by analyzing and interpreting 
data underlying the models as evidence to support a claim. Next Generation Science Standards also emphasize as core 
concepts the principles of Coupled Human and Natural Systems (CHNS), the development and use of models to represent 
relationships in the natural world, human impacts on natural systems, and the influence of engineering, technology and 
science on society and the natural world. Given the complexity of NGSS, teachers recognize that iGlobe® integrated SD 
Modeling and DVG instructional technologies are beneficial for teaching, learning and student assessment.  

Today, the Company can deliver relevant DVG instructional support services to meet the modeling requirements for 
various K-5 grade NGSS classifications in Earth Systems (ESS2) and Earth and Human Activity (ESS3), as follows: 

Table 2. K-Grade-5 ESS2 

Grade Level: Description of Inquiry: Performance Expectations: 

Kindergarten What is the weather like today? How is 
it different from yesterday? 

Students are expected to develop understanding of patterns and variations in 
local weather and the purpose of weather forecasting to prepare for, and 
respond to, severe weather. 

Grade 1 What happens when there is no 
sunlight?  

Students are expected to develop understanding of the relationship between 
solar radiation and heat transfer in the biosphere that generates weather. 

Grade 2 How does land change? What causes 
land to change? What are the different 
kinds of land and bodies of water? 

Students are expected to develop an understanding that wind and water can 
change the shape of the land, and to use models to identify and represent the 
shapes and kinds of land and bodies of water on Earth.  

Grade 3 What is typical weather in different 
parts of the world and during different 
times of the year? What happens to 
living organisms when their 
environment changes? 

Students are expected to be able to organize and use data to describe typical 
weather conditions and weather-related hazards. Students are expected to 
develop an understanding of the idea that when the environment changes 
some organisms survive and reproduce, some relocate, some move into the 
transformed environment, and some die.  

Grade 4 What are waves and what are some 
things they can do? How can water, ice, 
wind and vegetation change the land? 
What patterns of Earth’s features can be 
determined with the use of maps? What 
is solar radiation and how is it related 
to heat transfer in the Biosphere?  

Students are expected to use a model of waves to describe patterns of 
amplitude and wavelength, and develop understanding of the effects of 
weathering or erosion by water, ice, wind, or vegetation. They apply their 
knowledge of Earth processes to generate and compare multiple solutions to 
reduce the impacts of such processes on humans. Students are expected to 
analyze and interpret data from maps and models. Students are expected to 
understand that energy can be transferred in the Biosphere by light and heat. 

Grade 5 How much water can be found in 
different places on Earth? How does 
matter cycle through ecosystems? 
Where does the energy come from? 

Through the development of a model, students are expected to describe ways 
the geosphere, biosphere, hydrosphere, and/or atmosphere interact. Using 
models, students can describe movement of matter among plants, animals, 
decomposers, and that all energy was once from the sun.  
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The challenge for science teachers implementing NGSS standards today is access to readily available and affordable 
instructional materials and technologies that render the complex concept of Coupled Human and Natural Systems (CHNS) 
understandable to children in the cognitive development range of K-5 students.  

Current DVG instructional technology content can support NGSS in Earth and Space Science (ESS) through model- and 
simulation-based scientific inquiry as a cognitive learning process with increasing complexity at ascending grade levels. 
Elementary school science teachers can utilize DVG flat-screen software to introduce students to basic concepts in ESS 
utilizing iGlobe® flat-screen animations and visualizations, and real-time data feeds: 

Sample Library Content:   

   

Sea Surface Salinity. Time Span: 0 hrs. 
Run Time: 1 min. 13 sec. 

Hrly. Water Vapor: Time Span: 60 yrs. 
Run Time: 4 min. 52 sec. 

 Artic Sea Ice Model. Time Span: 3 yrs. 
Run Tim:” 0 min. 35 sec. 

 

 
           Image: Near-real-time Data Visualizations, Ref: http://earth.nullschool.net/  
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Animations, visualizations, real-time and near-real-time data feeds displayed on iGlobe® flat-screen instructional 
technologies for Grades K-5 will form the basis of student engagement in the practice of observing Earth from Space. 
Students will utilize the remote sensing capabilities of the nation’s satellite fleet to collect data to develop and use models to 
plan and carry out investigations analyzing and interpreting data, designing solutions, engaging in argument from 
evidence, and obtaining, evaluating and communicating information. Emphasis will be placed on the identification of 
subsystems within Earth Systems Science domains that are readily accessible to students through media, social interaction 
and casual observation to reinforce experiential-based scientific inquiry. 

4.2. Middle School, Grade Levels 6-8 

Middle school performance expectations in Earth Space Science (ESS) build on the elementary school ideas and skills, and 
allow middle school students to explain more in-depth phenomena central not only to ESS, but also to life and physical 
sciences as well, including human health.  

The Company will utilize existing content in the iGlobe® library offering and develop advanced integrated SD Modeling 
and DVG instructional technologies to support the following Next Generation Science Standards (NGSS) in Earth and Space 
Science classifications for Grades 6-8, as follows:  

Table 3: MS-ESS2: EARTH SYSTEMS 

Category: Performance Expectations: Clarification Statement: 

MS-ESS2-1 Develop models to describe the cycling 
of Earth’s materials and the flow of 
energy that drives this process.  

Emphasis is on the processes of melting, crystallization, weathering, 
deformation, and sedimentation, which act together to form minerals and 
rocks through the cycling of Earth’s materials. 

MS-ESS2-2 Construct an explanation based on 
evidence for how geoscience processes 
have changed Earth’s surface at varying 
time and spatial scales.  

Emphasis is on how processes change Earth’s surface at time and spatial 
scales (such as slow plate motions or the uplift of large mountain ranges, 
rapid landslides or microscopic geochemical reactions), and how geoscience 
processes (such as earthquakes, volcanoes, and meteor impacts) behave 
gradually but are punctuated by catastrophic events.  

MS-ESS2-3 Analyze and interpret data on 
continental shapes and seafloor 
structures to provide evidence of the 
past tectonic plate motions.  

Emphasis is on the similarities of rock and fossil types on different continents, 
the shapes of the continents (including continental shelves), and the locations 
of ocean structures (such as ridges, fracture zones, and trenches). 

MS-ESS2-4 Develop a model to describe the cycling 
of water through Earth’s systems 
driven by energy from the sun and the 
force of gravity. 

Emphasis is on the ways water changes its state as it moves through the 
multiple pathways of the hydrologic cycle. Examples of models can be 
conceptual or physical. 

MS-ESS2-5 Collect data to provide evidence for 
how the motions and complex 
interactions of air masses results in 
changes in weather conditions.  

Emphasis is on how air masses flow from regions of high pressure to low 
pressure, causing weather (defined by temperature, pressure, humidity, 
precipitation, and wind) at a fixed location to change over time, and how 
sudden changes in weather can result when different air masses collide. 
Examples of data can be provided to students (such as weather maps, 
diagrams, and visualizations) or obtained through laboratory experiments. 

MS-ESS2-6 Develop and use a model to describe 
how unequal heating and rotation of 
the Earth cause patterns of atmospheric 
and oceanic circulation that determine 
regional climates.  

Emphasis is on how patterns vary by latitude, altitude, and geographic land 
distribution. Emphasis of atmospheric circulation is on the sunlight-driven 
latitudinal banding, the Coriolis effect, and resulting prevailing winds; 
emphasis of ocean circulation is on the transfer of heat by the global ocean 
convection cycle, which is constrained by the Coriolis effect and the outlines 
of continents. Examples of models can be diagrams, maps, globes, or digital 
representations. 
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Table 4: MS-ESS3: EARTH & HUMAN ACTIVITY 

Category: Performance Expectations: Clarification Statement: 

MS-ESS3-1 Construct a scientific explanation based 
on evidence for how the uneven 
distributions of Earth’s mineral, energy, 
and groundwater resources are the 
result of past and current geoscience 
processes.   

 

Emphasis is on how these resources are limited and typically non-renewable, 
and how their distributions are significantly changing as a result of removal 
by humans. Examples of uneven distributions of resources as a result of past 
processes include but are not limited to petroleum (locations of the burial of 
organic marine sediments and subsequent geologic traps), metal ores 
(locations of past volcanic and hydrothermal activity associated with 
subduction zones), and soil (locations of active weathering). 

MS-ESS3-2 Analyze and interpret data on natural 
hazards to forecast future catastrophic 
events and inform the development of 
technologies to mitigate their effects.  

 

Emphasis is on how some natural hazards, such as volcanic eruptions and 
severe weather, are preceded by phenomena that allow for reliable 
predictions, but others, such as earthquakes, occur suddenly and with no 
notice, and thus are not yet predictable. Examples of natural hazards can be 
taken from interior processes (such as earthquakes and volcanic eruptions), 
surface processes (such as mass wasting and tsunamis), or severe weather 
events (such as hurricanes, tornadoes, and floods). Examples of technologies 
can be global (such as satellite systems to monitor hurricanes or forest fires). 

MS-ESS3-3 Apply scientific principles to design a 
method for monitoring and minimizing 
a human impact on the environment. 

 

Emphasis is on examining human environmental impacts, assessing the kinds 
of solutions that are feasible, and designing and evaluating solutions that 
could reduce that impact. Examples of human impacts can include water 
usage (such as the withdrawal of water from streams and aquifers or the 
construction of dams and levees), land usage (such as urban development, 
agriculture, or the removal of wetlands), and pollution (such as of the air, 
water, or land). 

MS-ESS3-4 Construct an argument supported by 
evidence for how increases in human 
population and per-capita consumption 
of natural resources impact Earth’s 
systems.  

Emphasis is on databases on human populations and the rates of 
consumption of food and natural resources (such as freshwater, mineral, and 
energy). Examples of impacts can include changes to the appearance, 
composition, and structure of Earth’s systems as well as the rates at which 
they change.  

MS-ESS3-5 Ask questions to clarify evidence of the 
factors that have caused the rise in 
global temperatures over the past 
century. 

 

Emphasis is on human activities (such as fossil fuel combustion, cement 
production, and agricultural activity) and natural processes (such as changes 
in incoming solar radiation or volcanic activity). Examples of evidence can 
include tables, graphs, maps and visualizations of global and regional 
temperatures, atmospheric levels of gases such as carbon dioxide and 
methane, and the rates of human activities. Emphasis is on the major role that 
human activities play in causing the rise in global temperatures. 

 
The Company, in collaboration with the Institute for the Application of Geospatial Technology (IAGT) and the Center for 
International Earth Science Information Network (CIESIN) of the Earth Institute at Columbia University, will improve upon 
the functionality of the iGlobe® DVG instructional technology platform utilizing the Climate & Health Analysis for Global 
Education (CHANGE Viewer). (Exhibit C.) Ref: http://www.iagt.org/  

CHANGE Viewer, developed by the IAGT and CIESIN with funding from the NASA Innovations in Climate Education 
Initiative, is an integrated SD Modeling and DVG software visualization tool utilizing NASA World Wind and data sets 
from NASA’s Socioeconomic Data Application Center (SEDAC), operated by CIESIN. Ref: http://sedac.ciesin.columbia.edu/ 

CHANGE Viewer provides a menu-driven interface with SEDAC data sets that integrates and applies socioeconomic and 
Earth Science data to generate on-demand scenarios of Coupled Natural and Human Systems (CHNS) that supports an in-
depth analysis of Earth’s biosphere (and the interaction of subsystems of the Biosphere) in the context of impacts on human 
populations in their communities and across the globe. 
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Image: CHANGE Viewer, Ref: http://nice.larc.nasa.gov/node/99 and http://www.ciesin.org/gcce/  

The Company’s SD Model- and DVG-based instructional technologies provide middle school teachers with NGSS-based 
ESS2 and ESS3 curriculum support that will allow students to:  

(i)  Examine the role of the NASA satellite fleet and Earth Observing System Data and Information System 
(EOSDIS), including the Orbiting Carbon Observatory (OCO-2), the A-Train and SEDAC (see Section 
2.3.), in collecting data that is the scientific basis for understanding changes in the dynamics of Natural 
Systems; and 

(ii)  Survey the global sources of carbon dioxide (CO2) emissions to examine the scientific evidence of global 
warming and explore the potentially catastrophic impacts of anthropogenic CO2 emissions on 
ecosystems services and human populations. 

CHANGE Viewer places emphasis upon thermodynamic variables across subsystems in the Earth’s Biosphere, and how 
greenhouse gases (GHG) alter climate and weather, impact sea level rise, accelerate melting of the polar ice caps, contribute 
to severe droughts and flooding, cause extreme weather events and other observable changes in the Biosphere that impact 
human health.  

Middle school students will be provided with an in-depth introduction to STEM-based education and career pathways in 
the scientific research community, and explore how the scientific community impacts other career choices across all sectors 
of society, including government and industry.  

Students will examine the personal profiles of individuals in the research community responsible for Earth Systems 
monitoring, developing and operating the NASA satellite fleet, maintaining data repositories, and developing DVG 
technologies.  

The Company will also provide profiles of various professional users of the datasets from all sectors of society, including 
professionals in the insurance and banking industries, disaster management services, health care, agriculture, real estate 
development, consumer retail industries and the information technology sector. Today, 1 in 3 new jobs require some 
knowledge and capacity to understand geo-referenced data, and geo-referenced data impacts all users of technology, from 
computers to tablets and smart phones. 
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4.3. High School (HS), Grade Levels 9-12 

The performance expectations in HS-ESS2: Earth’s Systems require students to formulate an answer to the question: “How 
and why is Earth constantly changing?” The HS-ESS2 Disciplinary Core Idea from the NRC Framework is broken down into 
five sub-ideas: Earth materials and systems, plate tectonics and large-scale system interactions, the roles of water in Earth’s 
surface processes, weather and climate, and biogeology.  

Students are required to develop models and explanations for the ways that feedbacks between different Earth systems 
control the appearance of Earth’s surface. Central to this is the tension between internal, geological systems which are 
largely responsible for creating land at Earth’s surface, and the sun-driven surface systems that tear down the land through 
weathering and erosion. Students are required to examine the ways that human activities cause feedbacks that create 
changes to other systems, and understand the system interactions that control weather and climate, with a major emphasis 
on the mechanisms and implications of climate change. Students are expected to model the flow of energy between different 
components of the weather system and how this affects chemical cycles, such as the carbon cycle. The crosscutting concepts 
of cause and effect, energy and matter, structure and function and stability and change are called out as organizing concepts 
for these disciplinary core ideas. In the HE-ESS2 performance expectations, students are expected to demonstrate 
proficiency in developing and using models, planning and carrying out investigations, analyzing and interpreting data, 
engaging in argument and using these practices to demonstrate understanding of the core ideas. 

The performance expectations in HS-ESS3: Earth and Human Activity require students formulate an answer to the question: 
“How do Earth’s surface processes and human activities affect each other?” The HS-ESS3 Disciplinary Core Idea from the 
NRC Framework is broken down into four sub-ideas: natural resources, natural hazards, human impact on Earth systems, 
and global climate change. Students are required to understand the complex and significant interdependencies between 
humans and the rest of Earth’s systems through the impacts of natural hazards, human dependencies on natural resources, 
and the significant environmental impacts of human activities. Engineering and technology figure prominently as students 
use mathematical thinking and the analysis of geoscience data to examine and construct solutions to the many challenges 
facing long-term human sustainability on Earth. The crosscutting concepts of cause and effect, systems and system models, 
and stability and change are called out as organizing concepts for these disciplinary core ideas. In the HS-ESS3 performance 
expectations, students are expected to demonstrate proficiency in mathematical and computational thinking by using, 
analyzing and interpreting data, constructing explanations, designing solutions, engaging in argument; and using these 
practices to demonstrate understanding of the core ideas. 

NGSS-based HS-ESS2 (Human Systems) and HS-ESS3 (Earth and Human Activity) performance expectations blend the core 
ideas related to climate change with scientific and engineering practices and crosscutting concepts to support high school 
students in the development of useable knowledge to explain ideas across the science disciplines.  

The core emphasis is on students: 

x Developing models and explanations for the ways that feedbacks between different Earth systems 
control the appearance of Earth’s surface; 

x Examining the ways that human activities cause feedbacks that create changes to other systems;  

x Understanding the system interactions that control weather and climate, with a major emphasis on the 
mechanisms and implications of climate change;  

x Modeling the flow of energy between different components of the weather system and how this affects 
chemical cycles, such as the carbon cycle; 

x Understanding the complex and significant interdependencies between humans and the rest of Earth’s 
systems through the impacts of natural hazards, our dependencies on natural resources, and the 
significant environmental impacts of human activities; and 

x Analyzing geoscience data to examine and construct solutions to the many challenges facing long-term 
human sustainability on Earth. 
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The Company will utilize existing content in the NOAA Content Library and develop advanced integrated SD Modeling 
and DVG instructional technology functionality to support the following Next Generation Science Standards (NGSS) in 
Earth and Space Science (HS-ESS2: Earth Systems and HS ESS3: Earth and Human Activity) classifications for Grades 9-12, 
as follows: 

Table 5: HS-ESS2 – EARTH SYSTEMS 

Category: Performance Expectations: Clarification Statement: 

HS-ESS2-1 Develop a model to illustrate how 
Earth’s internal and surface processes 
operate at different spatial and 
temporal scales to form continental and 
ocean-floor features.  

Emphasis is on how the appearance of land features (such as mountains, 
valleys, and plateaus) and sea-floor features (such as trenches, ridges, and 
seamounts) are a result of both constructive forces (such as volcanism, 
tectonic uplift, and orogeny) and destructive mechanisms (such as 
weathering, mass wasting, and coastal erosion). 

HS-ESS2-2 Analyze geoscience data to make the 
claim that one change to Earth’s surface 
can create feedbacks that cause changes 
to other Earth systems.  

 

Emphasis is on climate feedbacks, such as how an increase in greenhouse 
gases causes a rise in global temperatures that melts glacial ice, which reduces 
the amount of sunlight reflected from Earth’s surface, increasing surface 
temperatures and further reducing the amount of ice. Examples could also be 
taken from other system interactions, such as how the loss of ground 
vegetation causes an increase in water runoff and soil erosion; how dammed 
rivers increase groundwater recharge, decrease sediment transport, and 
increase coastal erosion; or how the loss of wetlands causes a decrease in local 
humidity that further reduces the wetland extent. 

HS-ESS2-3 Develop a model based on evidence of 
Earth’s interior to describe the cycling 
of matter by thermal convection. 

Emphasis is on both a one-dimensional model of Earth, with radial layers 
determined by density, and a three-dimensional model, which is controlled by 
mantle convection and the resulting plate tectonics. Examples of evidence 
include maps of Earth’s three-dimensional structure obtained from seismic 
waves, records of the rate of change of Earth’s magnetic field (as constraints 
on convection in the outer core), and identification of the composition of 
Earth’s layers from high-pressure laboratory experiments. 

HS-ESS2-4 Use a model to describe how variations 
in the flow of energy into and out of 
Earth’s systems result in changes in 
climate.  

Emphasis is on the causes of climate change by timescale. Large volcanic 
eruption: 1 year; changes in human activity: 10-100s of years; ocean circulation 
and solar output: 100s of thousands of years; changes to Earth’s orbit and the 
orientation of its axis: 1,000s to millions of years. 

HS-ESS2-5 Plan and conduct an investigation of 
the properties of water and its effects 
on Earth materials and surface 
processes. 

 

Emphasis is on mechanical and chemical investigations with water and a 
variety of solid materials to provide the evidence for connections between the 
hydrologic cycle and interactions with other systems. Examples of 
investigations include stream transportation and deposition using a stream 
table, erosion using variations in soil moisture content. Examples of chemical 
investigations include chemical weathering, recrystallization or melt 
generation. 

HS-ESS2-6 Develop a quantitative model of carbon 
cycling across systems: hydrosphere, 
atmosphere, geosphere, and biosphere.  

Emphasis is on modeling biogeochemical cycles that include the cycling of 
carbon through the ocean, atmosphere, soil, and biosphere (including 
humans), providing the foundation for living organisms. 

HS-ESS2-7 Construct an argument based on 
evidence of simultaneous coevolution 
of Earth’s systems and life on Earth.  

 

Emphasis is on the dynamic causes, effects, and feedbacks between the 
biosphere and Earth’s other systems, whereby geoscience factors control the 
evolution of life, which in turn continuously alters Earth’s surface. Examples 
include how photosynthetic life altered the atmosphere through the 
production of oxygen, which in turn increased weathering rates and allowed 
for the evolution of animal life. 
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Table 6: HS-ESS3 – EARTH AND HUMAN ACTIVITY 

Category: Performance Expectations: Clarification Statement: 

HS-ESS3-1 Construct an explanation based on 
evidence for how the availability of 
natural resources, occurrence of natural 
hazards, and changes in climate have 
influenced human activity. 

 

Emphasis is on key natural resources include access to fresh water (such as 
rivers, lakes, and groundwater), regions of fertile soils such as river deltas, 
and high concentrations of minerals and fossil fuels. Examples of natural 
hazards can be from interior processes (such as volcanic eruptions and 
earthquakes), surface processes (such as tsunamis, mass wasting and soil 
erosion), and severe weather (such as hurricanes, floods, and droughts). 
Examples of the results of changes in climate that can be focused on mass 
migrations of human populations in response to changes to sea level, regional 
patterns of temperature and precipitation, and the types of crops and 
livestock that can be raised. 

HS-ESS3-2 Evaluate competing design solutions 
for developing, managing, and utilizing 
energy and mineral resources based on 
cost-benefit ratios.  

Emphasis is on the conservation, recycling, and reuse of resources (such as 
minerals and metals) where possible, and on minimizing impacts where it is 
not. Examples include developing best practices for agricultural soil use, 
mining (for coal, tar sands, and oil shales), and pumping (for petroleum and 
natural gas). Science knowledge indicates what can happen in natural 
systems—not what should happen. 

HS-ESS3-3 Create a computational simulation 
using multi-parameter programs or 
constructing simplified spreadsheet 
calculations to illustrate relationships 
among management of natural 
resources, the sustainability of human 
populations and biodiversity. 

Emphasis is on factors that affect the management of natural resources 
include costs of resource extraction and waste management, per-capita 
consumption, and the development of new technologies. Examples of factors 
that affect human sustainability include agricultural efficiency, levels of 
conservation, and urban planning.  

HS-ESS3-4 Evaluate or refine a technological 
solution that reduces impacts of human 
activities on natural systems. 

 

Emphasis is on measuring the impacts of human activities, include the 
quantities and types of pollutants released, changes to biomass and species 
diversity, or areal changes in land surface use (such as for urban 
development, agriculture and livestock, or surface mining). Examples for 
limiting future impacts could range from local efforts (such as reducing, 
reusing, and recycling resources) to large-scale geoengineering design 
solutions (such as altering global temperatures by making large changes to the 
atmosphere or ocean). 

HS-ESS3-5 Analyze geoscience data and the results 
from global climate models to make an 
evidence-based forecast of the current 
rate of global or regional climate change 
and associated future impacts to Earth 
systems. 

Emphasis is on evidence, for both data and climate model outputs, which 
drives climatic changes (such as precipitation and temperature data and 
models) and their associated impacts (such as on sea level, glacial ice volumes, 
or atmosphere and ocean composition). 

HS-ESS3-6 Use a computational representation to 
illustrate the relationships among Earth 
systems and how those relationships 
are being modified due to human 
activity. 

Emphasis is on Earth systems: hydrosphere, atmosphere, cryosphere, 
geosphere, and/or biosphere. Students are expected to demonstrate (through 
the use of data and models) the far-reaching impacts from a human activity, 
such as how anthropogenic carbon dioxide emissions impact photosynthetic 
biomass on land, and how ocean acidification impacts sea organism health 
and marine populations. 

Integrated SD Modeling and DVG instructional technologies will allow for student inquiry to go beyond the limited use of 
published results of scientific computational models by allowing students to run computational models from source data. 
To support these advanced MGSS performance expectations for high school students, the Company’s integrated SD 
Modeling and DVG instruction technology research and development agenda is to (i) develop a web-based SD Modeling 
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software interface with underlying real-world data; and (ii) develop simulation software, or an SD Modeling Engine 
(simulator engine), allowing users to self-generate animations and visualizations for displaying inquiry-based outcomes.  

Current Small Business Technology Transfer (STTR) Phase I research activity (Section 5.2) is designed to assess specific 
software design requirements for generating an automated graphic interface to the datasets that will drive enhanced DVG-
based animations and visualizations. The Company will build upon the research outcomes of STTR Phase I, and support the 
development of additional enhanced software features in the proposed STTR Phase II research grant. With integrated SD 
Modeling and a DVG-based automated graphic interface students will not only be able to run computational models from 
source data, but will also be able to generate DVG simulation models using the source data to analyze, interpret, compare 
and communicate model results across numerous Earth Science disciplines. 

By example, analyzing data sets collected daily by the Orbiting Carbon Observatory - 2 (OCO-2), high school teams will be 
able utilize the Company’s advanced integrated SD Modeling and DVG instructional technologies to develop high 
resolution profiles of CO2 emissions (and related impacts on Coupled Human and Natural Systems) to educate the general 
public on the potentially catastrophic impacts of unmitigated global warming on human. Student-generated visualization 
models may look similar to the models shown below: 

 
Sea Level Rise 

 
Ocean Carbon Sequestration 

 
Fossil Fuel Carbon Emissions. 

The Company and its partners in the Carbon Research Collaborative (Collaborative) will support student research teams 
with specific research-based HS-ESS2 and HS-ESS3 curriculum activities.  For example, in the Collaborative’s proposed 
inaugural programs – the Carbon Emissions of MegaCities and the National Ocean Science Competition – student teams in 
collaboration with other teams in the Collaborative from across the nation will measure anthropogenic carbon emissions 
from the world's 27 mega-cities, including New York City and Los Angeles, and assess the capacity of Earth's Biosphere to 
sequester carbon dioxide (CO2) emissions that have accumulated in the atmosphere over centuries of global industrial 
development and change in land use. See the Carbon Research Collaborative web site at http://www.oco2.net  

Advanced Placement (AP) high school teacher- and student-led research teams will use the data to conduct interdisciplinary 
research that examines the dynamics of Coupled Natural and Human Systems (CNHS) and the complex interactions 
between these systems at diverse geographic scales and time horizons. Specifically, research teams will examine the linkage 
between: (a) Econometric Productivity (the System of National Accounting that measures global economy and relative 
health and prosperity of human populations); and (b) Primary Productivity (the photosynthetic processes that form the 
foundation of Ecosystems Services – clean air and water to healthy soils and food systems – upon which all species sustain 
life). This approach informs the pedagogical framework of the Company’s proprietary Productivity-centered Service-
learning (PCSL) pedagogy (Section 12.2).  

Research teams at both the 9-10 and AP course levels will publish their work in a peer-reviewed project journal and other 
scientific publications. Research outcomes, including animations and simulations, will be distributed to over 100 museums 
with Science On a Sphere® installations in 39 countries hosting more than 33 million visitors annually. Select teachers and 
students will be invited to present their research findings at periodic meetings of the United Nations Framework 
Convention on Climate Change (UNFCCC). See Section 5.3 for SD Modeling software utilizing Threshold 21. 


