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BIOCOMPLEXITY INSTITUTE

Biocomplexity Institute
The study of life and environment as a complex system

Understanding biology in the context of ecosystems
and human-created systems

Transdisciplinary team science

“From molecules to policy”
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Social and Decision Analytics Lab

• Science of ALL Data

• Community Learning Data Driven Discovery
– Defense analytics
– Education and Labor Force Analytics 
– Health and Well Being Analytics 
– Emergency Management Analytics
– Industrial Innovation Analytics 

• Information Diffusion Analytics

The Social and Decision Analytics Laboratory brings together 
statisticians and social and behavioral scientists to embrace 
today’s data revolution, developing evidence-based research 
and quantitative methods to inform policy decision-making.



People

• Relationships
• Location
• Economic Condition
• Communication
• Health

Environment

• Climate
• Pollution 
• Noise
• Flora/ Fauna

Infrastructure

• Condition
• Operations
• Resilience
• Sustainability

We are in an ALL Data Revolution
A new lens for social observing



Administrative 
Data

Opportunity
Data

Procedural
Data

Designed 
Data

Local, State/Provence, and Federal 

It is time to leverage ALL the data sources



WHAT IS DATA SCIENCE?

Fourth paradigm

“… change of all sciences moving 

from observational, to theoretical, 

to computational and now to the 

4th Paradigm – Data-Intensive 

Scientific Discovery”

Canadian Data Science Workshop, 2018

Jim Gray



WHAT IS IMPORTANT? 

Need to solve a real problem using data… 
No applications, no data science.

Canadian Data Science Workshop, 2018



DATA SCIENCE AS A UNIFIER

Canadian Data Science Workshop, 2018
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In our lab data science is policy 
focused on other people's problems

Local / State Government
Federal Statistical Agencies
Department of Defense

Industry



Enhancing Prosperity 
through Data Science



How have Virginia Tech and Iowa State 
come together to develop this vision?

• Big data initiatives 

• Experience with data science community 
based research

• Practicing engaged 
scholarship

• Commitment from 
leadership to steward 
collaborative processes
going forward



Community learning 
through data-driven discovery



Common CLD3 themes need data 
science training to address

� Locating and describing a population 
within a community

� Estimating a statistical summary and its 
margin of error to evaluate its usefulness 
for the purpose at hand

� Forecasting future needs

� Evaluating a program, policy, or standard 
operating procedure



CLD3 provides inputs to 
data science training



Data Science Framework



Local community Data Map



Data Discovery, Inventory & Acquisition
Data Source Geography

American Community Survey data (Census), 2011-
2015 (updating now to 2012-2016)

Census Tracts and 
Block Groups

American Time Use Survey (BLS), 2017 National

Youth Risk Behavior Surveillance System, 2015 State

County Health Rankings, 2017 County

Built  Environment, e.g., Grocery stores, SNAP 
retailers, recreation centers, community gardens

Address Level

Fairfax real estate tax assessment data Address Level

Fairfax Open data: Zoning, Environment, water, 
Parks, Roads

Shapefiles

Fairfax County Youth Survey, 2016
8th, 10th, 12th graders

High School 
Attendance Area

Virginia Department of Education, 2017 High School

National Center for Education Statistics, 2014-2015 High School

Center for Disease Control, 2014-2015 High School

DATA INGESTION & GOVERNANCE

FITNESS-FOR-USE-ASSESSMENT

Statistical Modeling and Data Analyses

ADMINISTRATIVE DATA: Local, State, & Federal
Discovery, Inventory,

& Acquisition

DATA
PROFILING

Data Structure,
Data Quality, 
Provences &

Meta Data

DATA
EXPLORATION

Characterization,
Summarization,

Visualization

DATA
PREPERATION

Cleaning,
Transformation,
Restructuring

DATA
LINKAGE
Ontology,

Selection &
Alignment, 

Entity Resolution

DESIGNED DATA
DATA SOURCES

OPPORTUNISTIC DATA FLOWS
PROCEDURAL DATA

Problem Identification: Relevant Theories & Working Hypotheses

Initial data sources used 
with geographic specificity

• All are updated as new data 
are available



Data Discovery, Inventory, & Acquisition



Community Characteristics
• % Population w/ Postsecondary Ed (ACS)
• % Households on SNAP (ACS)
• % Households with limited English 

proficiency (ACS)
• % Employment opportunities by 

education requirement (Open Data 
Jobs)

• % Employment opportunities by 
experience level (Open Data Jobs)High School “Postsecondary-Going” 

Culture
• Graduation rate (VDOE)
• Advanced/regular degree ratio (VDOE)
• % CTE program graduates (VDOE)
• College application rate (SCHEV)
• College acceptance rate (SCHEV)
• % Enrolled in AP classes (VDOE)
• % Passed AP tests (VDOE)
• % in Dual Enrollment courses (VDOE)
• % Teachers w/ graduate degrees 

(VDOE)
• % Students took the SAT (College 

Board)
• Mean SAT scores (College Board)
• ….

High School Student Body 
Characteristics

• % Students disadvantaged (VDOE)
• % Students by gender (VDOE)
• Student offenses and disciplinary 

outcomes (VDOE)
• Drop-out rates (VDOE)

Perception of Postsecondary 
Availability

• Number of vocational schools, colleges, 
and universities in geographic area 
(IPEDS)

• Cost (tuition, fees, room and board, 
financial aid) of colleges in geographic 
area (IPEDS)

• Acceptance rate/college selectivity of 
colleges (IPEDS/SCHEV)

• College “choice set” of peers (SCHEV)
• College enrollment rates of students 

within school district (SCHEV)

Data Map

High School

Student

Household

Community

Broader Context



Data Science Framework



Arlington County Vulnerability Indicators

Census Tracts
Civic Association 
Neighborhoods

High-Density 
Planning Regions 

Source:  American Community Survey 2012-20156 aligned to geographic areas using SDAL Synthetic Technology.

Based on a statistical combination of the percentage of Households with: 
• housing burdens > 50% of Household income
• no vehicle
• receiving Supplemental Nutrition Assistance Program (SNAP)
• in poverty 



Arlington County Neighborhood Insights

Households receiving  
subsidies from Department 
of Parks and Recreation

School and neighborhood 
vulnerability indices

High-Density Planning 
Regions with % households 

with no vehicles 

Sources: ACS 2012-2016; NCES, CDC, and VDOE  2014-2015; Arlington County Department of Parks & Recreation 2016.



Building Data 
Science Capacity



Engage partners that can help 
scale the benefits of data science 

• Mission of Land Grant Universities is to enhance the 
security and social well-being of its communities

• Cooperative Extension professionals know how to 
involve university researchers in community based 
research through engaged scholarship



Data Science for the Public Good (DSPG)
Build momentum through purposeful experiential learning



Thank You


