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Transformative Opportunities

* Integrating Neuroscience into
Behavioral and Social Sciences

* Transformational Advances in
Measurement Science

* Digital Intervention Platforms

e Large-scale Population Cohorts
and Data Integration
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NIH's transformative opportunities
for the behavioral and social sciences

merging scientific and technological opportuni-
ties, such as new sensor locnls that better charac-
terize logical, behavioral, and social p
have the pmcnnal to produce a scientific paradlgm
shift in the behavioral and social sciences. This
shift from a fragmented data-poor science to an
integrated data-rich science fadlitates greater trans-
lation from basic to applied research and from applied
research to clinical practice In November 2016, the US.
National Institutes of Health (NTH) Office of Behavioral
and Social Sciences Research (OBSSR) released its strate-
gic plan for fiscal years 2017 through 2021, which secks to
take advantage of these scientific and technological devel-
opments (I). Here, we outline four key developments that
influenced the scientific priorities of the OBSSR strategic
plan, each of which offers the potential for accelerat-
ing research and translation in the behavioral and social
sciences.

INTEGRATING NEUROSCIENCE INTO BEHAVIORAL
AND SOCIAL SCIENCES

Advances in neuroscience experimental approaches and
technologies provide an ability to observe brain function
and activity in real time and with increasing levels of
granularity (2), but these brain functions and activities
do not occur in isolation; they are influenced by an or-
ganism’s environment and are expressed as behaviors
that, in turn, have the potential to influence the environ-
ment. To understand these complex dynamic interactions,
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approaches have been improved greatly by the application
of (i) modern psychometric theory (for example, item
response theory) and (ii) smartphone technologies to ob-
tain prospective, real-time assessments throughout the
course of a day (for example, ecological momentary as-
sessment), Digital footprints from routine interactions
of people with technology provide new methods of cap-
turing thought and behavior, and the rapid emergence of
sensor technologies has provided an efficient and objec-
tive means for assessing physiology, behavior, and social
and environmental contexts. The application of these sd-
entific and technological ady to the of
behavioral and social processes provides a level of granu-
larity and precision that has the potential to transform the
behavioral and social sciences into a much more data-rich
sdence (3).

DIGITAL INTERVENTION PLATFORMS

Advances in technology also hold the potential to trans-
form the means by which behavioral and social science
interventions are delivered These interventions are often
resource- and labor-intensive, which results in limited
reach, scalability, and duration. The limited duration of
these interventions negatively affects the ability to maintain
behavioral change. The operationalization of these inter-
ventions into code ensures treatment fidelity from research
to dinical practice settings and may extend their reach to
anyone in any place at any time. Efficient delivery of be-
havioral and socml dmngc sl:ralg:gu:s via smartphones and
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Greater Integration with Neuroscience

Phase Il:
#7. From BRAIN Initiative to the brain: Integrate new B RA I N 2 0 2 5
technological and conceptual approaches produced in

Goals #1-6 to discover how dynamic patterns of neural
activity are transformed into cognition, emotion, A SCIENTIFIC VISION
perception, and action in health and disease. The most
important outcome of the BRAIN Initiative will be a

comprehensive, mechanistic understanding of mental
function that emerges from synergistic application of the

new technologies and conceptual structures developed Brain Research through Advancing Innovative
under the BRAIN Initiative. Neurotechnologies (BRAIN) Working Group
P Report to the Advisory Committee to the
The BRAIN Initiative® -1 ces - un -] DRAINGMews-|  ERAIN Update’ | Director' NIH
June 5, 2014 National Institutes of Health
Terning Déscovery o Haeelth
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Greater Integration with Neuroscience

Meuron

Neuroscience Needs Behavior:
Correcting a Reductionist Bias
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There are ever more compelling tools available for neuroscience research, ranging from selective genetic tar-
geting to optogenetic circuit control to mapping whole connectomes. These approaches are coupled with a
deep-seated, often tacit, belief in the reductionist program for understanding the link between the brain and
behavior. The aim of this program is causal explanation through neural manipulations that allow testing of
necessity and sufficiency claims. We argue, however, that another equally important approach seeks an
alternative form of understanding through careful theoretical and experimental decomposition of behavior.
Specifically, the detailed analysis of task s and of the behavior they elicit is best suited for discovering compo-
nent processes and their underlying algorithms. In most cases, we argue that study of the neural implemen-
tation of behavior is best inve gligated affer such behavioralwork. Thus, we advocate a more pluralisfic notion
of neuroscience when it comes to the brain-behavior relationship: behavioral work provides understanding,
whereas neural interventions test causality.
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Transformational Advances in Measurement Science
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"Nearly all the grant discoveries of science have been but the rewards of

accurate measurement.'" Lord Kelvin, 1872
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Transformational Advances in Measurement Science

stic Curves  (B) 3 ltem In

= ltem Response Theory (IRT) and Computer / iy
Adaptive Testing (CAT)

ta
Conditional SEM
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theta

= Ecological Momentary Assessment (EMA)

= Passive Sensor Technologies

= Digital Footprints
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Digital Intervention Platforms

= Tech-based interventions can augment the provider-based intervention or fully automate
the intervention

= Concerns: Fail to capture aspects of in-person interventions (difficult to operationalize
or deliver)

= Benefits:
= Delivered with greater fidelity
= High initial fixed costs, but low variable costs
= Increased reach and scalability (especially if fully automated)
= Automate and embed outcome evaluation in intervention

= Just-in-time Adaptive Interventions (JITAI)

= Cautions:

= Mixed results from tech-based intervention studies

= Sustaining engagement (stickiness)
I l— NATIONAL CANCER INSTITUTE



Large Scale Population Cohorts and Data Integration

Adolescent Brain Cognitive Development
Teen Brains. Today's Science. Brighter Future.

Environmental Influences on
Child Health Outcomes

All--Us —

THE FUTURE 0F HEALTH BEGERS WITH
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Research Methods in a Data Poor Environment

* Priority is on prospective design and data
collection

» Limited data collection opportunities

* Predominately cross-sectional or minimally
longitudinal designs

* Unable to assess or control myriad
confounds

« Control confounds via randomization

Riley WT, A new era of clinical research methods in a data-rich
environment. In BW Hesse, DK Ahern, E Beckjord, Oncology
Informatics, 2016, pgs 343-355
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» Temporally Dense
» Computational

* Predictive
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Evolution from Data Poor to Data Rich
Meteorology Example

* Local, limited measurement

« Leverage communications technologies (telegraph) to
connect data across sites

« Set standards for data integration

« Continued leveraging of technical advances in
measurement and communication

« Result: Rich, integrated data computationally modeled
to explain and predict phenomena

Is it possible for health research to become a data

rich science?
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On the Cusp of What We Need to be a Data Rich Science

Temporally dense data on behavior and its influences
Data Integration

« Common Terminology (Behavioral Ontologies)

« Common Metrics (Not necessarily measures) _

- Common Data Elements (CDEs) } PR
Data Science Capabilities

Big Data Analytic Expertise
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More on the OBSSR Strategic Plan

https://obssr.od.nih.gov/wp-
content/uploads/2016/12/0
BSSR-SP-2017-2021.pdf
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Basic and applied behavioural and social
sciences at the NIH
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Behavioral and Social Sciences at the National Institutes of Health:
Methods, Measures, and Data Infrastructures as a Scientific Priority

William T. Riley

National Institutes of Health, Bethesda, Maryland
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PRACTICE AND PUBLIC HEALTH POLICIES

Behavioral and Social Sciences at the National Institutes
of Health: adoption of research findings in health research
and practice as a scientific priority

Wilken T Riey. PhD
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