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Section 5, DVG Research & Development  

5.1.  DVG Research 

Next Generation Science Standards (NGSS) rely heavily upon the use of real-world Earth Systems Science (ESS) data and 
geoscience models for teaching and learning about Coupled Human and Natural Systems (CHNS) across multiple 
performance standards at all grade levels. Using geoscience models, students are expected to develop, analyze and interpret 
data, use mathematical and computational thinking to construct explanations, design solutions, engage in argument, and 
demonstrate understanding of the core ESS ideas. 

Underlying the logic of the use of models is the finding though research that spatial ability (which can be assessed and 
improved with DVG technologies) is the principal indicator for identifying high-school students who pursue STEM careers 
and the main attribute among students who later achieve advanced STEM educational and occupational credentials. (Wai, 
J., Lubinski, D., & Benbow, C. P. 2009, Journal of Educational Psychology) 

Furthermore, educational neuroscience research findings indicate that neural connections in the brain reorganize when 
people learn new concepts. Geospatial modeling (spatial organization) is an important method for transferring knowledge 
that has lasting implications for neurocognitive development in young learners. Specifically, DVG-based geospatial 
instructional technologies offer new methods and practices for cognitive learning through the visual representation of geo-
referenced global data over time. This has far-reaching implications for how schools can design their Earth Science 
programs and how teachers could structure educational experiences in their classrooms aligned with NGSS. Yet no formal 
research has been conducted in the U.S. to validate the efficacy of DVG instructional technologies in U.S. public schools. 

Research studies conducted by the Educational Equipment Research and Development Center (EERDC) of the People’s 
Democratic Republic of China Ministry of Education, led by Dr. Qiang Liu (below), have demonstrated that using DVG 
technologies in the classroom has improved student’s attitudes toward STEM education from 66% to 98%, and 
comprehension from 79% to 92%. See below. 

Photo: EERDC STEM education research team. 

Source: EERDC, People’s Democratic Republic of China                                                      Video Link: http://www.vimeo.com/103399291         

As research protocols and cultural attitudes differ in the U.S. and China, the EERDC study results may not be a reliable 
indicator regarding learning outcomes with DVG instructional technologies in American public schools. Nonetheless, these 

Dr. Qiang Liu 
   Director, EERDC 
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findings suggest that peer-reviewed DVG research in the U.S. is warranted. Anecdotal evidence within the Science On a 
Sphere® (SOS) museum market and early stage feedback from the STTR Phase I commercialization research grant suggests 
that DVG instructional technology research in the U.S. may yield results similar to EERDC research outcomes. It is 
important to note, however, that DVG applications – and pedagogy – in the U.S. classroom (including performance 
standards under NGSS) are profoundly different than the applications and pedagogy that were developed by the EERDC 
for public schools in People’s Democratic Republic of China, making any correlation of learning outcomes difficult to assess.  

5.2. Independent, Evidence-based Research  

Instructional technologies may not be successfully implemented at-scale in the U.S. education market absent favorable 
research demonstrating its capacity to improve desired STEM learning outcomes under Next Generation Science Standards 
(NGSS). The Company believes that it is in the best interest of its educational mission – and its investors – to validate the use 
of integrated SD Modeling and DVG technologies in alignment with the Common Guidelines for Education Research and 

Development as published by the National Science Foundation (NSF) and the Institute of Education Sciences (IES) of the U.S. 
Department of Education prior to launching product sales at-scale nationally. Hence, this six year business plan emphasizes 
an Action Research under the Carbon Research Collaborative. Ref: http://www.oco2.net 

To support this marketing approach and validate product efficacy, the Company is establishing a multi-institution research 
and development team to (i) align iGlobe®-based integrated SD Modeling and DVG instructional technologies software 
with NGSS performance standards, and (ii) conduct peer-reviewed research on the potential impact of DVG instructional 
technologies to affect positive attitudinal change in students toward STEM education and careers.  

The Company will conduct on-going preliminary DVG instructional technology research supplemented by one or more 
federal grants (as feasible) to support independent, evidence-based peer-reviewed research (items 6-8, below). This research 
effort will build directly upon previous SD Modeling and DVG instructional technology research (items 1 and 2, below), and 
NSF Innovative Technology Experiences for Students and Teachers (ITEST) awards (items 3 to 5 below). These prior grant 
awards total $4.9 million (rounded). Additional private sector research and development investments are anticipated to total 
approximately $4 million (rounded). 

1.  NASA Award:  
Innovations in Climate Education Initiative, Global Climate Change and Human Health Impacts: 
Investigation and Analysis in the Classroom using Innovative Technologies.  
Ref: http://nice.larc.nasa.gov/node/99) 

2.  NSF Award #1416970:  
National Science Foundation (NSF), Directorate for Engineering, Division of Industrial Innovation and 
Partnerships (IIP), Small Business Technology Transfer (STTR) Phase I: Overcoming the Flat View - Teaching 
Climate with an Interactive Spherical Display.  
Ref: http://www.nsf.gov/awardsearch/showAward?AWD_ID=1416970&HistoricalAwards=false  

3.   ITEST Award #DRL-0624663 
University of Vermont, Global Challenge:  
Ref: http://stelar.ed.org/projects/10811/profile/global-challenge-award-itest-program  

4. ITEST Award #DRL-083376 
University of North Texas, SolarQuest EDU:   
Ref: http://stelar.ed.org/projects/11161/profile/m-sos-w-middle-schoolers-out-save-world  

Ref: http://www.iittl.unt.edu/IITTL/itest/msosw_web/index.html 

5.   ITEST Award #DRL-1312168 
University of North Texas, SolarQuest EDU:   
Ref: http://stelar.ed.org/projects/13561/profile/going-green-middle-schoolers-out-save-world-msosw 
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Proposed Grant Awards: 

6.  AGENCY: National Science Foundation (NSF), Directorate for Engineering, Division of Industrial 
Innovation and Partnerships (IIP), Small Business Technology Transfer (STTR) Phase II. 

- Current Project Title: Overcoming the Flat View - Teaching Climate with an Interactive Spherical 
Display (Phase I, Award Amount: $224,978; NSF Award #1416970; See Phase I Abstract, below.) 

- Projected Award Amount: STTR Phase II, $750,000 
- Research Team: iGlobe®, Inc., (Principle Investigator); Program in Atmosphere, Oceans and Climate 

(PAOC) at the Massachusetts Institute of Technology (MIT) (Co-Principal Investigator) 
-  Submission Date: July, 2015 
-  Ref: http://www.nsf.gov/awardsearch/showAward?AWD_ID=1416970&HistoricalAwards=false 

ABSTRACT: This STTR project's broader/commercial impact is that it will allow researchers to learn more 
about the complex relationships between environmental conditions and the impact of changes over time. 
The ability to convey that knowledge in an intuitive and compelling manner to students and the public 
globally could motivate them to influence business and political leaders to craft policies that would reduce 
damage to the planet. In addition to schools and universities, there are 600 museums dedicated to science, as 
well as aquariums and other public venues concerned with environmental issues; in essence, these all are 
involved in educating people, and they all look for effective means of portraying information about the 
Earth. While spherical displays provide the most compelling views, adapting the methods developed in this 
project to laptops and tablets (owned by several hundred million people) can contribute to learning about 
climate for students and adults worldwide. 

This STTR project leverages a commercial/university partnership to develop a vehicle for education and 
public outreach on climate and climate change. With the increasing awareness and confusion about climate 
change and the severity of predicted impacts, it has become critical that we educate students at all levels to 
give them a real understanding of climate data and climate models. Likewise, outreach efforts are vitally 
needed, both to interest students in learning more about climate science and to engage the general public. 
This project will provide compelling methods for educators and their students to explore deeply what the 
data and state of the art models tell us about climate changes, both natural and anthropogenic, as well as to 
illustrate climate processes with simple models that can be used for "what if" scenarios. The goal is not a 
series of canned lessons, but rather an open-ended means for teaching the material with the ability to dig 
deeper into the information in response to student questions. 

COMMENTS: As a component of Phase II of this research effort, the Company and iGlobe®, Inc. are 
proposing to develop the iGlobe® Mini adapted from the existing iPad-based iGlobe® controller App 
technology and to stream DVG content from the Cloud.  

7. AGENCY: National Science Foundation, Innovative Technology Experiences for Students and Teachers 
(ITEST)  

- Working Title: Teaching and Learning about Coupled Human and Natural Systems Utilizing DVG 
Instructional Technologies 

- Projected Award Amount: Award Ceiling, $1,500,000 
- Research Team: TBD. Principal Investigator, TBD. (Advisory Team: University of Vermont / Columbia 

University / Harvard University / University of North Texas / Champlain College / Cayuga Community 
College) 

- Submission Date: October, 2015 
- Ref: http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5467  

REQUEST FOR PROPOSAL (RFP): The ITEST program through research and model-building activities 
seeks to build understandings of best practice factors, contexts and processes contributing to K-12 students' 
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motivation and participation in the science, technology, engineering, and mathematics (STEM) core domains 
along with other STEM cognate domains (e.g., information and communications technology (ICT), 
computing, computer sciences, data analytics, among others) that inform education programs and workforce 
domains. The ITEST program funds foundational and applied research projects addressing the development, 
implementation, and dissemination of innovative strategies, tools, and models for engaging students to be 
aware of STEM and cognate careers, and to pursue formal school-based and informal out-of-school 
educational experiences to prepare for such careers. ITEST supports projects that: (i) increase students' 
awareness of STEM and cognate careers; (ii) motivate students to pursue the appropriate education 
pathways for STEM and cognate careers; and/or (iii) provide students with technology-rich experiences that 
develop disciplinary-based knowledge and practices, and non-cognitive skills (e.g., critical thinking and 
communication skills) needed for entering STEM workforce sectors. 

PROJECT ABSTRACT: To be determined pending completion of Small Business Technology Transfer 
(STTR) Phase I and submittal of STTR Phase II grant proposal (July 2015). See Section 3.2 (a), above. 

COMMENTS: The Company’s Managing Member and President, Allan E. Baer, has participated in three 
prior NSF ITEST awards: #DRL-0624663, #DRL-083376 and #DRL-1312168. Awards #DRL-083376 and #DRL-
1312168 are based on the Company’s Productivity-Centered Service-Learning (PCSL) pedagogy. 

8. AGENCY: National Science Foundation, Directorate for Geosciences (GEO) 
-  Title: Improving Undergraduate STEM Education: Pathways into Geoscience  
-   Projected Award Amount: Award Ceiling, $500,000 
-  Research Team: The Global Challenge Award, Inc.; Champlain College, Emergent Media Center, Earth 

Institute (CIESIN) Columbia University, Institute for the Application of Geospatial Technology (IAGT) at 
Cayuga Community College.  

-   Submission Date: Letter of Intent Due Date: August 14, 2015; Full Proposal Deadlines: October 05, 2015 

Request for Proposal (RFP): The Directorate for Geosciences (GEO) contributes to the IUSE initiative 
through the Improving Undergraduate STEM Education: Pathways into Geoscience (IUSE: GEOPATHS) 
funding opportunity. IUSE: GEOPATHS invites proposals that specifically address the current needs and 
opportunities related to undergraduate education within the geosciences community. The primary goal of 
the IUSE: GEOPATHS funding opportunity is to increase the number of undergraduate students interested 
in pursuing undergraduate degrees and/or post-graduate degrees in geoscience through the design and 
testing of novel approaches for engaging students in authentic, career-relevant experiences in geoscience. In 
order to broaden participation in the geosciences, engaging undergraduate students from traditionally 
underrepresented groups or from non-geoscience degree programs is a priority. The IUSE: GEOPATHS 
solicitation features two funding Tracks: (1) Engaging students in the geosciences through extra-curricular 
experiences and training activities (GEOPATHS-EXTRA), and (2) Improving pathways into the geosciences 
through institutional collaborations and transfer (GEOPATHS-IMPACT). 

COMMENTS: Proposed multi-institutional collaboration throughout Northeast Region will focus on 
funding track 2, Improving pathways into the geosciences through institutional collaborations and transfer. 

Ref: http://www.grants.gov/web/grants/view-opportunity.html?oppId=270876  

DISCLAIMER: Grant Award #1416970 – National Science Foundation (NSF), Directorate for Engineering, Division of 
Industrial Innovation and Partnerships (IIP), Small Business Technology Transfer (STTR) Phase I – is currently funded with 
a completion date of June 2015. Section 3.2., (a) STTR Phase II and Section 3.2., (b) NSF ITEST are neither approved nor 
funded projects, and no claim is being made as to the viability of the Company and/or its strategic academic partners to 
secure funding under the federal grant programs listed herein to complement the Company’s DVG product research and 
development efforts.    
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5.3. Advanced, Integrated SD Modeling and DVG Instructional Technologies 

The Company proposes to research and develop a platform for integrating advanced SD Modeling software utilizing 
Threshold 21 (developed by the Millennium Institute, Washington D.C.) in order to provide predictive modeling scenarios 
generated by students in grade levels 9-12 (see Section 4.3.) that can be ultimately utilized by government, industry and the 
general public for decision support services concerning public and private policies, and investments for climate change 
mitigation and adaptation.  

T21 is a quantitative systems dynamic (SD) tool for integrated, 
comprehensive global- and national-scale modeling. Its purpose is 
to provide predictive modeling and decision support services for 
medium- to long-term development planning by deepening 
understanding of the key structural relations, and enhancing the 
analysis of development strategies. T21 can provide insight into the 
potential impact of development policies across a wide range of 
sectors and reveal how different strategies interact with one 
another to achieve planned goals and objectives.  

The T-21 model is constructed across three spheres – Economy, 
Environment and Society – containing six sectors each, as follows: 

                

Image: Threshold 21 SD Model Structure  

x Economy Sphere: The Economy sphere contains major production sectors (production, investment, technology, 
RWO (rest-of-world), households and government) which are characterized by Cobb-Douglas production 
functions with inputs of resources, labor, capital, and technology. A Social Accounting Matrix (SAM) is used to 
elaborate the economic flows and to balance supply and demand in each of the economy sectors. 

x Environment Sphere: The Environment sphere (land, water, emissions, sustainability, minerals, energy) tracks 
pollution created in the production processes and its impacts on health, and eventually on production. It also 
estimates the consumption of natural resources and can estimate the impact of the depletion of these resources on 
production and other factors, including fossil fuel consumption, forest depletion, land and water degradation, air 
and water pollution, and greenhouse gas emissions. 

x Society Sphere: The Social sphere (population, health, infrastructure, poverty, education and labor) contains 
detailed population dynamics by sex and age cohort; health and education challenges and programs; basic 
infrastructure; employment; poverty levels and income distribution; and labor statistics. 

Each sector within the three sphere is populated with 
multiple peer reviewed socioeconomic algorithms with 
feedback loops that model key causal indicators that drive 
global, regional and national economies, as shown in the 
sample T21 causal loop diagram at right.  

In 2008-09, SolarQuest EDU (with funding from the United 
Nations) collaborated on an SD Modeling pilot project with 
the Millennium Institute, the Government of Ecuador, the 
University of Bergin (Norway), Middlebury College 
(Vermont) and Colegio Tecnico Ignacio Hernandez 
(Galapagos) to conduct student-centered SD Modeling 
research to quantify cross-sectoral impacts of investments in 
climate change mitigation in Ecuador utilizing the 
Threshold 21 SD Model.     

    Image 1: T21 Casual Loop Diagram 

Ref: “Quantifying cross-sectoral impacts of investments in climate change mitigation in Ecuador” (Bassi, A. & Baer, A. 2009, 
Energy for Sustainable Development): http://www.solarquest.us/images_T21_STARTING_FRAMEWORK_ANALYSIS_ECUADOR_2009.PDF  


