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MOSAIC Overview

A MOSAIC is anticipated to be a mylédar research and
development program.

A The program seeks to develop and validate unobtrusive senso
based methods to assess static and dynamic aspects of an
AYVRAODGARIzZ £ Qa O23IYAUGADS | 0Af A
well-being.

A The MOSAIC program aims to take advantage of multimodal
mobile, worn, and carriedensors, as well as other media sourcc
to aggregate activitgnd behavior, physiology, social dynamics,
physical location and proximity, as well as other ndgatures to
develop personalized assessments.
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Background

INTELLIGENCE ANALYSIS
FOR TOMORROW

Advances from the Behavioral and Socal Sciences
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G 9 y dhdeNdSagencies use eviderbased methods to recruit, select, train, motivate, anc
retain an adaptive workforce able to achieve the performance levels required by IC mizsi

The intelligence community (IC) operates in an increasowlyplex, turbulent and fastchanging threat environment
(seeFingay 2011).This environmenhas important implications for recruiting, trainingrganizing, retainingand
managing the IC workforce. In stal@avironments, organizationsan rely on stable work practices overseen by a

relatively rigidadministration that directs a generally hierarchical aanpliant workforceln turbulent environments,

organizations requirennovative workpractices, flexible administration, and a creative, inventakforce, givernein to

find new approaches and novel solutions.

-Intelligence Analysis for Tomorrow, National Academies Press, 2
http://www.nap.edu/openbook.php?record_id=13040&page==



http://www.nap.edu/openbook.php?record_id=13040&page=3
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Background Overview

A Bvaluating, supporting and maintaining our workforce throughout the
length of their career is an important and persistent need across the |

A There are special considerations for the national security workforce, 1
Include:

High tempo and high stress environments

Complex and multidimensional problem sets

Maintaining peak cognitive performance & decisimaking skills

Maintaining motivation of self and colleagues

Psychological, cognitive, and behavioral consistency or flexibility

High trustworthiness and integrity

To To To Do Do Do

A Evaluation®f these aspects occur before and during the hiring process, as
Fa OGKNRdJzZAK2dzi 42YS2ySQa SYLX 28 YSy(
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Existing Evaluation Tools

W
W
W
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Standardized testing

Self report & questionnaires
Cognitive tasks

Interview

Assessment centers
Situationaljudgment tests

OF NATIONAL INTELLIGENCE

Limitations

W

W
W

Controlled or unnatural testing
environment

Limited accounting ahe context

Onetime assessment or long
intervals betweerevaluations

Concerns about validity of retesting

Potential for biases stemming from
Impression management or socially
desirable responding

Potential for evaluator bias
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Background Today

Promotions,

Retirement

performance
evaluation

Initial
Hire
Q A MOSAIC Goal
( |
— I Can we fill in the white space between traditional

evaluation points with nondiagnostic evaluations of
predictors and dimensions of job performance?
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Core dimensions of job performang&iswesvararet al., 2000;Rotundo& Sackett, 2002)
A Task performanceProficiency in activities recognized as part of the job

A Organizational citizenship behaviobRiscretionary behavior that in aggregate
promotes effective functioning of the organization

A Counterproductive behaviorVoluntary behavior that significantly violates
organizational norms, threatening wdideing of an organization and/or its

member.
A Adaptability: A supplemental dimension for higdtress/hightempo jobs, e.g.:
Handling crisis situations Interpersonal adaptability
Handling work stress Cultural adaptability

Dealing with uncertain work situations Learning new technologies & procedures
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Background; Evaluating Job Performance

MOSAIC aims to look at both predictors and
dimensions of job performance.

Predictors Dimensions

Cognitive Abilities &

Styles Task Performance

Organizational

Interpersonal Style Citizenship Behavio

Counterproductive
Behavior
Adaptability

WellBeing
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Background

Multimodal Sensing to Evaluate the Workforce

;
A D DEFENSE ADVANCED
RESEARCH PROJECTS AGENCY

Detection and Computational Analysis of
Psychological Signals (DCAPS)

Mr. Wade Shen

http://medvr.ict.usc.edu/projects/dcaps/

TECHNOLOGY

Wearables in the
Workplace

by H. James Wilson

FROM THE SEPTEMBER 2013 ISSUE
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programs, some of which encourage employe€
to useFitbitand other devices that measure th
guantity and intensity of their workouts and to

employ simple visual and motivational tools to

track their progress and help sustain their
engagement. Because the programs are
administered by thirebarty providers,
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the aggregate analytics give them robust
insights about correlations between wellness,

job satisfaction, and financial performance. The

wellness program provid€arewisewhose
members usé&itbit, has found that the health
care costs of highly engaged participants rise
just 0.7% annually, compared with 24% for les
Sy3lF3ISR LI NGAOALNI yia
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Backgrounc
Detecting Stress from Daily Measurement

Stress Recognition using Wearable Sensors and

Mobile Phones
Akane Sano Rosalind W. Picard
Massachusetts Institute of Technology Massachusetts Institute of Technology
Media Lab Media Lab
Affective Computing Group Affective Computing Group
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Background

Context Based Assessments Aid Interpretation & Accuracy

Feedback

Feedback
system

Feedback
adapration

Stress-arousal
estimation
(HR, EDA, ..)

Talk assistant

Heart rate
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ETH Zurich, 2014

Towards Accurate Non-Intrusive Recollection of Stress
Levels Using Mobile Sensing and Contextual Recall

Tauhidur Rahman!, Mi Zhang!, Stephen Voida?, and Tanzeem Choudhury!

! Department of Information Science, Cornell University
2 Department of Human-Centered Computing, Indiana University at ITUPUI

W Group A (EMA)
Wl Group B (Recall)
[ ]Group C (Contextual Recall with All Cues)
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Background

Personalized Assessments Enable
More Accurate Understanding

a Average data Individual data b Average data Individual data
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Kanai & Rees, 2011
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Limitations of Previous Approaches
for Real World Application

A Small study populations
A Use of students, friends/family as reseastibjects

A Single outcome measures or one outcome measure per
construct

A Focus on the subject withowbntext
A Group based analysis
A Time consuming data alignment and correction
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Advance sensing, data analytics, and modeling with
careful validation against ground truth

Persistent, unobtrusive, Collect & Analyze Validate Predictors &
& passive sensing Sensor Data Dimensions of Job Performance
UsingGround Truth Assessments
B
a N\ Cognitive
Cleaning Abilities &
Styles
Processing Dimensions of
Int
— n erg[e;rlzonal Job
Modeling Performance
Analysis Well-Being
AU /
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Key Technical Challenges

A Bring the research and development of assessments out of the
lab

A Develop methods for continuous or segontinuous evaluation
Aaz2z@dS (2 dzy200NHzAA DS YSUK2ZRAE
Input from thesubject

A Developcapabilities to capture the contexiy help interpret
subjectfocused sensing

A Buildcapabilities to reduce the time and manpower required to
handle, process, and analyze multimodal sensor data

A Advance techniques for personalized modeling that can captur:
variance over time
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General T&E Research

ReplicatePerformer Data
, Collection with New Subjects

AR 2% \ Prep Raw
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Truth Assessments at roughout Frotocols A Al algorithms for
Baseline | independent verification
(measuring MOSAIC N4 1
psychological, cognitive] ~ |
and behavioralvariables) , T&E Scores Ground T&Escores & ranks
k / Truth Assessments ~/ L performer results
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Data Collection Overview

Offerors will be asked to develop, propose, and refine a protocol t
Implement and test the proposed sensor(s), collect data from
human subject volunteers,* and use this dataset to develop and
advance processing, modeling, and analytic techniques.

Solutions may be:

w A mix of assessment during daily living and everyday activities combined wi
more structured evaluation periods

w Unobtrusive angassive dat&ollection (e.g. mobile sensarpmbined with
active subjectesponses (e.g. phone survey, lab test)

A Offerors will be expected to develop and administer their own set of
assessments of job performance predictors and dimensions

* Alternatively may opt to use existing data sets or test strictly in the lab shieh a proposal must
include a strong technical justification and the team stilist provide T&E with a testing protocol that
will enable T&E testing and data collection for the end of phase evaluation
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Data Collection - Subjects

MOSAIC performers will be required to recruit, enroll, and test
their own subject cohorts.

A

o To Do D>

Subject cohorts should be diverse: range of education, age, race, ethnicit
culture, socioeconomic status, experience, etc.

Avoid focusing on undergraduate populations
Power analyses will be necessary to justify proposed cohort sizes

Estimates of cohort sizes should account for attrition, which should not be
less than 25% (may be more)

All enrolled subjects will be required to sign informed consent documents
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“Data Collectiorc Subject Privacy & Protections

MOSAIC will only fund research that emphasizes and employs be
practices for subject safety, privacy, and protections.

A Offerors will be required to develop and propose methods that are safe,
ethical, and can be approved by human subjects Institutional Review Boarc
(IRB)

A IRB protocols must stipulate that deentified data will be provided to T&E or
be made broadly available for additional research/analyses

A Offerors will be required to propose and implement the necessary safeguar
02 LINRPUOSOG YR YIFIAYOGFEAY &adzoaS0iaq
safetyprotections

A Safeguards and protections must be in place throughout all phases of the st
to include during data collection, movement, analysis, and storage
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Sensors Overview

MOSAIC will aim to bring together multimodal sensors to test
whether unobtrusive, continuous, and passive sensing provide
new or complementary information to traditional assessment

techniques.

A For this program sensors are considered anything that can be used to
measure a person or the environment

Think about sensors that would have higher probability of good complianc
and reliability

A
A Likely that sensors will have to be provided to subjects
A

Able to be procured by an independent group at scale to use foi2080
iIndividuals OR provided by offeror to Government at this same scale to
enable T&E testing
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Sensors
Required Optional* Out of Scope**
A Mobile phone A Mobile A Patches/tattoos| | A Obtrusive or
(Android or 10S) physiological A Tablet/Laptop uncomfortable for
sensors A Social or other persistent carrying /
A Bands media wear
A Hats A Other creative || A Impractical for
A Glasses and/or novel consistent use
A Clothes sensors A Invasive
This list is just notional, A Mobile EEG

offerors will not be limited to this set
* 1t is expected that the proposed use of sensors will need to be accompanied by a tech
justification, to include theoretical/empirical support, how it meets other program

requirements, and how it is expected to gather data that will be useful for measuring tar
predictors and dimensions.

FF LT 0KS OdzNNByYy(d FT2NXNkFIFIOG2NI 2F || &asSya
expected that an offeror can propose that sensor, if they are able to demonstrate how tt
sensor would meet program requirements by Phase 2 of the program.



OFFICE OF THE DIRECTOR OF NATIONAL INTELLIGENCE

Sensors - Considerations

A Relatively easto use

A If worn or carried, should be comfortable enough to be imperceptible to the
wearer/carrier throughout waking hours and during sleep

A Persistentattery life, at least 24 hours of continuous uséthout recharging;

A Ergonomidesign and size that does not obstruct normal movement,
circulation, respiration, ingestion, digestion, neural function, social dynamic
or other activities angbrocesses; and,

A Durability androbustnesgo some environmental conditions (e.g.
temperature, moisture) and large impacts or forces.
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Context- Overview

MOSAIC seeks innovative solutions to sense and assess contex
AYLINRP OGS GKS AYOUSNIINBGFGAZY 27

Lisovictet al., 2010

A EJI Y
= . )
[_0_,] 0]

[ g 1

L (i"] Low-Power Ambient Sensing in Smartphones for

al= Continuous Semantic Localization
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Sinziana Mazilu, Ulf Blanke. Alberto Calatroni. and Gerhard Troster

MIT Media Lab




