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MOSAIC Overview
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ÅMOSAIC is anticipated to be a multi-year research and 
development program.

ÅThe program seeks to develop and validate unobtrusive sensor-
based methods to assess static and dynamic aspects of an 
ƛƴŘƛǾƛŘǳŀƭΩǎ ŎƻƎƴƛǘƛǾŜ ŀōƛƭƛǘƛŜǎ ŀƴŘ ǎǘȅƭŜǎΣ ƛƴǘŜǊǇŜǊǎƻƴŀƭ ǎǘȅƭŜΣ ŀƴŘ 
well-being.

ÅThe MOSAIC program aims to take advantage of multimodal 
mobile, worn, and carried sensors, as well as other media sources, 
to aggregate activity and behavior, physiology, social dynamics, 
physical location and proximity, as well as other novel features to 
develop personalized assessments.
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Background

ά¦ǎŜ {ŎƛŜƴǘƛŦƛŎ aŜǘƘƻŘǎ ŦƻǊ ²ƻǊƪŦƻǊŎŜ 5ŜǾŜƭƻǇƳŜƴǘέ

ά9ƴǎǳǊŜ that IC agencies use evidence-based methods to recruit, select, train, motivate, and 
retain an adaptive workforce able to achieve the performance levels required by IC missionsΦέ

The intelligence community (IC) operates in an increasingly complex, turbulent, and fast-changing threat environment 
(see Fingar, 2011). This environment has important implications for recruiting, training, organizing, retaining, and 
managing the IC workforce. In stable environments, organizations can rely on stable work practices overseen by a 

relatively rigid administration that directs a generally hierarchical and compliant workforce. In turbulent environments, 
organizations require innovative work practices, flexible administration, and a creative, inventive workforce, given rein to 

find new approaches and novel solutions.
-Intelligence Analysis for Tomorrow, National Academies Press, 2008

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

http://www.nap.edu/openbook.php?record_id=13040&page=3
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Background - Overview
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Å Evaluating, supporting and maintaining our workforce throughout the 
length of their career is an important and persistent need across the IC.

Å There are special considerations for the national security workforce, to 
include:
Å High tempo and high stress environments

Å Complex and multidimensional problem sets

Å Maintaining peak cognitive performance & decision-making skills

Å Maintaining motivation of self and colleagues

Å Psychological, cognitive, and behavioral consistency or flexibility

Å High trustworthiness and integrity

Å Evaluationsof these aspects occur before and during the hiring process, as well 
ŀǎ ǘƘǊƻǳƎƘƻǳǘ ǎƻƳŜƻƴŜΩǎ ŜƳǇƭƻȅƳŜƴǘ ǘŜƴǳǊŜΦ
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Background ς¢ƻŘŀȅΩǎ /ƘŀƭƭŜƴƎŜǎ

Existing Evaluation Tools

ω Standardized testing

ω Self- report  & questionnaires

ω Cognitive tasks

ω Interview

ω Assessment centers

ω Situational judgment tests

Limitations

ω Controlled or unnatural testing 
environment

ω Limited accounting of the context

ω One-time assessment or long 
intervals between evaluations

ω Concerns about validity of retesting

ω Potential for biases stemming from 
impression management or socially 
desirable responding 

ω Potential for evaluator bias

5
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Background - Today
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Today

MOSAIC Goal

Initial 
Hire

Annual/Semi-annual 
performance 
evaluations

First 
Year

Promotions, 
pre/post assignments

Retirement

Can we fill in the white space between traditional 
evaluation points with non-diagnostic evaluations of 

predictors and dimensions of job performance?
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Background - Job Performance
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ά¢ƘŜ ǘƻǘŀƭ ŜȄǇŜŎǘŜŘ ǾŀƭǳŜ ǘƻ ǘƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ŘƛǎŎǊŜǘŜ ōŜƘŀǾƛƻǊŀƭ 
ŜǇƛǎƻŘŜǎ ǘƘŀǘ ŀƴ ƛƴŘƛǾƛŘǳŀƭ ŎŀǊǊƛŜǎ ƻǳǘ ƻǾŜǊ ŀ ǎǘŀƴŘŀǊŘ ǇŜǊƛƻŘ ƻŦ ǘƛƳŜέ

ςMotowidlo & Kell, 2013

Core dimensions of job performance (Viswesvaranet al., 2000; Rotundo& Sackett, 2002)

Å Task performance: Proficiency in activities recognized as part of the job

Å Organizational citizenship behavior: Discretionary behavior that in aggregate 
promotes effective functioning of the organization

Å Counterproductive behavior: Voluntary behavior that significantly violates 
organizational norms, threatening well-being of an organization and/or its 
member.

Å Adaptability: A supplemental dimension for high-stress/high-tempo 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 ςEvaluating Job Performance
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MOSAIC aims to look at both predictors and               
dimensions of job performance.

Well-Being

Interpersonal Style

Cognitive Abilities & 
Styles

Task Performance

Organizational 
Citizenship Behavior

Counterproductive 
Behavior

Adaptability

Predictors Dimensions
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Background
Multimodal Sensing to Evaluate the Workforce
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ά!ōƻǳǘ фл҈ ƻŦ ŎƻƳǇŀƴƛŜǎ ƴƻǿ ƻŦŦŜǊ ǿŜƭƭƴŜǎǎ 
programs, some of which encourage employees 
to use Fitbit and other devices that measure the 
quantity 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 third-party providers, 
ŜƳǇƭƻȅŜǊǎ ŎŀƴΩǘ ǎŜŜ ŀƴȅ ƛƴŘƛǾƛŘǳŀƭΩǎ ƳŜǘǊƛŎǎΦ .ǳǘ 
the aggregate analytics give them robust 
insights about correlations between wellness, 
job satisfaction, and financial performance. The 
wellness program provider Carewise, whose 
members use Fitbit, has found that the health 
care costs of highly engaged participants rise 
just 0.7% annually, compared with 24% for less 
ŜƴƎŀƎŜŘ ǇŀǊǘƛŎƛǇŀƴǘǎΦέ

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

http://www.darpa.mil
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Background
Detecting Stress from Daily Measurement
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Wang et al. 2014
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Background
Context Based Assessments Aid Interpretation & Accuracy
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ETH Zurich, 2014



INTELLIGENCE ADVANCED RESEARCH PROJECTS ACTIVITY (IARPA)INTELLIGENCE ADVANCED RESEARCH PROJECTS ACTIVITY (IARPA)

Background
Personalized Assessments Enable 

More Accurate Understanding
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Kanai & Rees, 2011
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Limitations of Previous Approaches 
for Real World Application

13

ÅSmall study populations

ÅUse of students, friends/family as research subjects

ÅSingle outcome measures or one outcome measure per 
construct

ÅFocus on the subject without context

ÅGroup based analysis

ÅTime consuming data alignment and correction
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Advance sensing, data analytics, and modeling with 
careful validation against ground truth
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Well-Being

Interpersonal 
Style

Cognitive 
Abilities & 

Styles
Cleaning

Processing

Modeling

Analysis

Persistent, unobtrusive, 
& passive sensing

Collect & Analyze 
Sensor Data

Validate Predictors & 
Dimensions of Job Performance 
Using Ground Truth Assessments 

Dimensions of 
Job 

Performance
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Key Technical Challenges
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ÅBring the research and development of assessments out of the 
lab

ÅDevelop methods for continuous or semi-continuous evaluation

ÅaƻǾŜ ǘƻ ǳƴƻōǘǊǳǎƛǾŜ ƳŜǘƘƻŘǎ ǘƘŀǘ ŘƻƴΩǘ ǊŜǉǳƛǊŜ Ŏƻƴǘƛƴǳƻǳǎ 
input from the subject

ÅDevelop capabilities to capture the context, to help interpret 
subject-focused sensing

ÅBuild capabilities to reduce the time and manpower required to 
handle, process, and analyze multimodal sensor data 

ÅAdvance techniques for personalized modeling that can capture 
variance over time
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General Performer Research
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Cleaning & 
Processing

Performer Developed 
Ground Truth 

Assessments at Baseline
(measuring MOSAIC 

psychological, cognitive, 
and behavioral variables)

Data Collection

t1 t2 t3 t4 Χ tn

C1

C2

C3

C4

Χ
cn

Bn B2 B3

Performer Scores 
Ground Truth Assessments

Modeling 
& Analysis

Periodic Assessments 
Throughout Protocol

Predict Scores on 
Ground Truth 
Assessments
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General T&E Research
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Prep Raw 
Sensor Data

T&E Developed Ground 
Truth Assessments at 

Baseline
(measuring MOSAIC 

psychological, cognitive, 
and behavioral variables)

ReplicatePerformer Data 
Collection with New Subjects

t1 t2 t3 t4 Χ tn

C1

C2

C3

C4

Χ
cn

Bn B2 B3

T&E Scores Ground 
Truth Assessments

T&E provide unlabeled 
sensor data to performers

Performers submit: 
Å Results on T&E Ground 

Truth Assessments
Å All algorithms for 

independent verification

T&E scores & ranks 
performer results

Periodic Assessments 
Throughout Protocols
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Data Collection - Overview
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Offerors will be asked to develop, propose, and refine a protocol to 
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:

ω A mix of assessment during daily living and everyday activities combined with 
more structured evaluation periods

ω Unobtrusive and passive data collection (e.g. mobile sensor) combined with 
active subject responses (e.g. phone survey, lab test)

Å 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, but such a proposal must 
include a strong technical justification and the team still must 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
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MOSAIC performers will be required to recruit, enroll, and test 
their own subject cohorts.

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

Å Avoid focusing on undergraduate populations

Å Power analyses will be necessary to justify proposed cohort sizes

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

Å All enrolled subjects will be required to sign informed consent documents
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Data Collection ςSubject Privacy & Protections
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MOSAIC will only fund research that emphasizes and employs best 
practices for subject safety, privacy, and protections.

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

Å IRB protocols must stipulate that de-identified data will be provided to T&E or 
be made broadly available for additional research/analyses

Å Offerors will be required to propose and implement the necessary safeguards 
ǘƻ ǇǊƻǘŜŎǘ ŀƴŘ Ƴŀƛƴǘŀƛƴ ǎǳōƧŜŎǘǎΩ ǇǊƛǾŀŎȅΣ ŘŀǘŀΣ ŀƴŘ ƻǘƘŜǊ ƭŜƎŀƭΣ ŜǘƘƛŎŀƭΣ ŀƴŘ 
safety protections

ÅSafeguards and protections must be in place throughout all phases of the study, 
to include during data collection, movement, analysis, and storage
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Sensors - Overview
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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. 

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

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

Å Likely that sensors will have to be provided to subjects

Å Able to be procured by an independent group at scale to use for 150-200 
individuals OR provided by offeror to Government at this same scale to 
enable T&E testing
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Sensors
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* It is expected that the proposed use of sensors will need to be accompanied by a technical 
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 target 
predictors and dimensions.

ϝϝ LŦ ǘƘŜ ŎǳǊǊŜƴǘ ŦƻǊƳκŦŀŎǘƻǊ ƻŦ ŀ ǎŜƴǎƻǊ ǿƻǳƭŘ ŎƻƴǎƛŘŜǊ ƛǘ ǘƻ ōŜ άƻǳǘ ƻŦ ǎŎƻǇŜέ ǘƘŜƴ ƛǘ ƛǎ 
expected that an offeror can propose that sensor, if they are able to demonstrate how the 
sensor would meet program requirements by Phase 2 of the program.

Å Mobile phone 
(Android or iOS)

Å Mobile 
physiological 
sensors
Å Bands
Å Hats
Å Glasses
Å Clothes

Å Patches/tattoos
Å Tablet/Laptop
Å Social or other 

media
Å Other creative 

and/or novel 
sensors

Å Obtrusive or 
uncomfortable for 
persistent carrying / 
wear 

Å Impractical for 
consistent use

Å Invasive 
Å Mobile EEG

Required Optional* Out of Scope**

This list is just notional, 
offerors will not be limited to this set
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Sensors - Considerations
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Å Relatively easy to use;

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

Å Persistent battery life, at least 24 hours of continuous usewithout recharging;

Å Ergonomic design and size that does not obstruct normal movement, 
circulation, respiration, ingestion, digestion, neural function, social dynamics, 
or other activities and processes; and,

Å Durability and robustness to some environmental conditions (e.g. 
temperature, moisture) and large impacts or forces.
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Context - Overview
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MOSAIC seeks innovative solutions to sense and assess context to 
ƛƳǇǊƻǾŜ ǘƘŜ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ŀ ǎǳōƧŜŎǘΩǎ ǎƛƎƴŀƭǎΦ

Lisovichet al., 2010

MIT Media Lab


