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ARI Mission

MISSION: Drive scientific innovation to enable the Army to acquire, develop, employ,
and retain professional Soldiers and enhance personnel readiness.

Soldier-Oriented S&T Basic Research Scientific Assessments
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ARIl: WHERE PERSONNEL SCIENCE MEETS PERSONNEL PRACTICE




The Problem Space

 Problem: The Army possesses a trove of administrative data (e.g., personnel records,
training scores) but has yet to fully leverage these data

 Purpose: Use state-of-the-art analytics to develop models that integrate existing DOD
data and make predictions about Soldier behavior and performance. This research will
provide statistical models that forecast and visualize individual and unit performance

« Payoff: Knowledge about how best to utilize data from disparate sources to form a
holistic picture of Soldier and unit performance
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Data Science Framework

Problem Identification: Relevant Theories & Working Hypotheses

Data Discovery

ADMINISTRATIVE DATA,
DESIGNED DATA, OPPORTUNITY DATA,
& PROCEDURAL DATA

Inventory, Screening
& Acquisition

DATA INGESTION & GOVERNANCE

Data Structure, Ontology,

FITNESS-FOR-USE-ASSESSMENT
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IPr ?)t\?eﬂgsgzyk Transformation, | iﬁlgeﬁ:rll%rr‘\t& Summarization,
Meta Data Restructuring Entity Resolu,tion Visualization

STATISTICAL MODELING & DATA ANALYSES



Presenter
Presentation Notes
The data science framework development that has emerged from this research contains the following components: data discovery (finding potential data sources to address the issue), data inventory (screening), data acquisition (negotiating and acquiring the data, and managing legal, privacy, security, and confidentiality practices), data profiling (determination of both the quality of the data, provenance, and its utility to the project at hand), data preparation (cleaning and readying the data for analysis), data linkage (building links to ensure compatible meaning, schemas, and ontology for data from multiple sources, resulting from the repurposing of the data), data exploration (summarizing main characteristics, often with visual methods), fitness-for-use assessment (characterizing the information content  in the results as a function of the analysis model,  the data quality needs of the model, and the data coverage (representativeness) needs of the model), and modeling and analysis (a model that embodies a set of statistical assumptions concerning the generation of some sample data and similar data from a larger population.)





Presenter
Presentation Notes
The Problem Identification is used to guide the literature review that is used to build a conceptual model that helps guides the data discovery process. 

The data science framework development that has emerged from this research contains the following components: data discovery (finding potential data sources to address the issue), data inventory (screening), data acquisition (negotiating and acquiring the data, and managing legal, privacy, security, and confidentiality practices), data profiling (determination of both the quality of the data, provenance, and its utility to the project at hand), data preparation (cleaning and readying the data for analysis), data linkage (building links to ensure compatible meaning, schemas, and ontology for data from multiple sources, resulting from the repurposing of the data), data exploration (summarizing main characteristics, often with visual methods), fitness-for-use assessment (characterizing the information content  in the results as a function of the analysis model,  the data quality needs of the model, and the data coverage (representativeness) needs of the model), and modeling and analysis (a model that embodies a set of statistical assumptions concerning the generation of some sample data and similar data from a larger population.



Literature — Relevant Theories
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Presentation Notes
First step was a literature search & review looking for performance taxonomies. In particular taxonomies that had modelled the social determinant of performance. We looked at the constructs that went into this determinant, in particular constructs that had been empirically validated.  So far we have reviewed and entered into a searchable data base over 335 articles. 

In order to grasp the dependencies between constructs, we developed a nomological network visualization tool that displays the hierarchical structure of many validated social constructs and links among similar construct dimensions. This nomological network will provide a theoretical foundation for modeling the direct and indirect determinants of performance. In this example, the Integrity node is highlighted, presenting three of its definitions from the literature, and showing its hypothesized connections to other constructs, e.g., courage.
 
In summary, our research is using existing theories to construct a taxonomy for Soldier, team, and unit performance – in particular the social components.  This search has provided us with a list of empirically validated constructs that are either antecedents of performance or determinants of performance.  




Data Science Framework

Data Discovery
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Data Discovery & Profiling, Preparation, Linkage, & Exploration in the Person-Event Data Environment
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Person-Event Data Environment (PDE)

DOD maintains numerous datasets about military personnel including
deployments, demographics, accessions/attrition, pay, promotions, awards,
and training records

Army Analytics Group Research Facilitation Lab (AAG-RFL) provides access
to many of these datasets through the PDE in a secure, cloud-based enclave

Accessing the PDE data housed at AAG-RFL requires:

o A Common Access Card (CAC)

o Human Research Protections/IRB approvals from all relevant
institutions

o Approval to access the PDE



g IEF OF
:. (5.0 s
{5 s B

| }“{j Data Discovery — DOD Data Sources

Accessible in the PDE:

 Digital Training Management
System

Army Training and Requirements
Resource System

Individual Training History / DOD
Formal Course File

« Army Workforce Transaction File:

Military Awards
« Unit Risk Inventory

» Defense Equal Opportunity
Management Institute (DEOMI)
Organization Climate Survey

« Omaha 5 Behavioral Survey

Active Duty Military Personnel
Master

Active Duty Military Personnel
Transaction

United States Military Entrance
Processing Command (MEPCOM)
Regular Army Analyst

Interactive Personnel Elective
Records Management System
(IPERMS)

Army Career and Alumni Program
(ACAP)

Pre-Deployment, Post-Deployment,
Periodic Health Assessments

Global Assessment Tool (GAT)
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United States Military Entrance Processing Command


\ /,-" Data Discovery — Non-DOD Data Sources

Take a systematic approach in selecting from a huge inventory of
public data sources and archives. Documented accessibility of data,
geographies of interest, and relevant variables.

American Community Survey
Factfinder, Integrated
Public Use Microdata
Sample (IPUMS)

Aunt Bertha’s

Bureau of Economic Analysis

Bureau of Labor Statistics
Quarterly Census of
Employment and Wages
(QCEW), Consumer Price
Index (CPI), Current
Employment Statistics
(CES), etc.

Community Commons

County Health Rankings

Gapminder World

Global Health Data Exchange

Headwater Economics

International Household Survey Network
Integrated Postsecondary Education
Data System (IPEDS) Postsecondary
Education

IRS Tax Records

Penn State Simple Online Data Archive
MIT Living Wage Calculator

National Center for Education Statistics
Population Reference Bureau

Simply Analytics

Statistical Atlas

U.S. Government Open Data

World Bank Open Data

11
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*will give details of some of the selected (bold) data sources and why these were picked


PDE Data Source Map

Global Assessment Tool (GAT)
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The right hand side of the Data & Information Map :  the Data Source Map captures the relationships between the Person Data Environment (PDE) data files and lays the ground work for how the data can be linked. The data sources include external data sources that we have ingested into the PDE, such as the Census Bureau’s American Community Survey (ACS).

Performance framework frames the data discovery process
This leads us to both internal army sources + external; need to get them together into the data enclave
 Linking across data sources led to creation of data products




Data Information Map

Data Needs to Operationalize the Antecedents and
Social Determinants of Performance

Policy Changes (e.g., DADT)
Non-personal shock events
(e.g., 9-11)

Job Opportunities
Non-base Community

-~

Constructs to Model

Job satisfaction

Job Embeddedness
Community Embeddedness
Motivation

DoD Ethical & Army Values
Warrior Ethos

Vocational Interests
Creativity

Organizational Citizenship
Character Values
Individual Differences

Grit

N

Sociocultural
Environment

Location
(Base) x Time

Occupation x
Location x

Data Sources from the PDE with the potential to

inform the performance model

Demographics
Race, Sex, Ethnicity, Birthdate, Age, Faith
group,

}ducation level and discipline, Marital
status, Spouse in military indicator,
Number and type of dependents,
State/county of residence before entry,
ASVAB score, APFT score, G.AT. results

Service Dates and Locations
Length of time in service
Length of service agreement
_ylocation (base) over time
Obligation begin and end dates
Term of service
Date of initial entry
Date of end of initial training

Military-Specific Characteristics/Incentives
Security Clearance
Education Incentive Indicator

., Career status bonus program indicator

Occupation group

Re-enlistment eligibility

Article 15

Training schedule and training awards
Rate of promotions

Page grade / length of time in grade
Character of service

13



Presenter
Presentation Notes
The Data and Information Map presents the contexts in which the Soldier is embedded, ranging from their own characteristics and service related military information to their occupation and immediate location and broader military and sociocultural environments. On the right-hand side are the variables in the Army Analytics Group Person Data Environment (PDE) that have been or will be evaluated for use in our statistical models. On the left-hand side are the external data sources that will be considered, including DoD policies that may affect social cohesion or reactions to these policies based on the Soldier’s social characteristics, other federal statistics, and the variables to be constructed to measure intangible aspects of military service, such as job satisfaction.

*cut this slide for time? not how we visualize PDE data anymore…




Proportion of Elements Properly Populated for a Given Purpose
Issue types include: Record fields containing no data; records not containing necessary fields; datasets not
containing the requisite records (e.g., testing for NULLs and empty strings existing where not appropriate)

Completeness

Proportion of Elements whose Attributes Possess Proper Values
Validity e Checking for value validity generally comes in the form of straight-forward domain constraint rules (e.g.
where gender is not one of (male, female), or where age is not between [0, 110])

_ Count of Unique Values Taken by an Attribute or Combination of Attributes
Unigueness « Frequency distribution of an element. (Note: The more homogeneous the data values of an element, the less
useful the element is for analysis)

Degree of Replication of Distinct Observations Per Observation Unit Type

Duplication * For example, greater than one registration per student per official reporting period.
* Note: Duplication occurs as a result of choice of level of aggregation

Degree to which two or More Data Attributes Satisfy a Dependency Constraint

Consistency
(Record) * Relationship validation

* For example, zip-code — state consistency; gender — pregnancy consistency

Degree an Attribute, Combination of Attributes, Remains Consistent Over Time
* For example, an individual's gender changing and then changing back (clerical error) or an individual's race
classification changing from one to two races (change in number of options)

Consistency
(Longitudinal)

14
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DATA PROFILING
Goal: Determine quality & utility of data for research use

Evaluate data quality measures such as completeness, value validity, longitudinal consistency, and uniqueness; for example, changes in an individual's recorded gender over time, duplication of records by ID, etc.
Develop a ‘gold standard’ for demographics profiling.

It is critical to determine the quality of the data and its utility for the intended research use. The start of the quality process is to asses through statistical analysis the completeness, uniqueness, value validity, and longitudinal consistency between fields. Only after issues are discovered and described, decisions on what and how to fix are made. 
 
Initial data quality issues reviewed during profiling include:
Completeness is the proportion of data provided versus the proportion of data required.
Uniqueness is the number of unique valid values that have been entered in a record field and helps characterize the variety and richness of the data.
Value validity is the percentage of elements whose attributes possess expected values.
Record consistency is the degree of logical agreement between record field values; longitudinal consistency is inconsistency in the data when checked over time.

It is important to note that validity and consistency checks require metadata defined on observational units and their attributes. 
Example problems uncovered in the PDE data include PIDs with demographic data that changes across time



\»< / Demographic Log Analysis & Reduction

Basic demographics between data files
need to be reconciled and reusable

Column Name Description Original
data products created. Table
PID_PDE Enlistee’s Unique ID Master
Demographics Table PN_SEX_CD Gender Master
* Information about the enlistee that typically RACE_CD Race Code Master
remains static over time (e.g., gender, race, INIT_ENT_TRN_END_ Initial Entry Training End Date ~ Master
ethnicity, entry test scores) DT
- Simple rules are applied to resolve duplicates | PATE_BIRTH_PDE  Person Birth Date Master
and invalid entries PN_BIRTH_PLC_CTR  Person Birth Place Country Master
Contai lidentifier (PID) = code
’ ontains one row per personal identifier ( ) HOR_ZIP_CODE_PDE Home of Record Zip Code Analyst
Transaction Table ACT_SCORE ACT Score Analyst
« Events or enlistee information that can change | SAT_SCORE SAT Score Analyst
periodically (e.g., duty station, rank, pay grade) | AP ASVAB: Auditory Perception Analyst
Score
’ Contains mult|ple rows per PID Cco ASVAB: Combat Score Analyst

15



Conceptual Model of the

Socilal Characteristics of Performance

ANTECEDENTS OF PERFORMANCE: Army Values, Warrior Ethos, Big 5 Personality Traits, Creativity,
Motivation, Job & Community Embeddedness, Vocational Interests

DIRECT DETERMINANTS

Cognitive Component

Social Component

Physical Component

CRITERIA OF PERFORMANCE (Outcomes)
Speed of Promotion, Training as a Reward, Evaluation Reports
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Presentation Notes
 Our framework is based on a synthesis of the military and non-military literature. The framework focuses on the social component of the performance which includes the antecedents of performance (e.g., the 5 personality traits of extraversion, agreeableness, openness, conscientiousness, and neuroticism; creativity, motivational traits, and commitment to DoD Ethical and Army Values, and the Warrior Ethos), along with the behaviors of performance covered under the concepts of organizational citizenship and counterproductive work behaviors, regardless of intent motivating the behavior. 

This is our high level framework of the top you can think of this as the right-hand side of the equation the predictors and the bottom row as the response – the criteria of performance as referred to in the performance literature. In reviewing the performance literature from various academic disciplines, we identified multiple taxonomies of performance. We focused on the taxonomies that measure social behaviors and how they differ across individuals. 

Our review of the literature examined the development of selection and classification tests, used as surrogates for performance, in the U.S. Army since 1919 and provided an in-depth review since the 1980s starting with the congressionally mandated Joint-Service Job Performance Measurement /Enlistment Standards Project (Army’s contribution was Project A). We focused on measures of personality and vocational interests, that can be repurposed to quantify the individual differences that define high performing Soldiers. Based on this review, we created a timeline and catalog of U.S. Army test items that have been developed for non-cognitive measurement related to Soldier selection, classification, and performance. 

Antecedents or Indirect Determinants of Performance:  influence the direct determinants/components of performance such as compensation, work environments, previous experience
For example = Motivation is a determinant of performance – the choice to perform, at what level, and for how long….
the antecedents of performance - the antecedents or traits of performance construct that represents individual differences in trait motivation – for example conscientiousness a tendency to be organized and dependable, show self-discipline, act dutifully, need for achievement, proactive personality (extent to which individual take action to influence their environment, personal initiative the extent to which individuals are self starters
5-Big Personality Traits: Conscientiousness, Agreeableness, Neuroticism, Openness Extroversion (CANOE )
Army Values: Loyalty, Duty, Respect, Selfless Service, Honor, Integrity, Personal Courage (LDRSHIP)
Warrior Ethos: I will always place the mission first. I will never accept defeat. I will never quit. I will never leave a fallen comrade.
Examples of productive behaviors are persisting with extra effort despite difficult conditions, helping colleagues by offering suggestions, teaching them useful knowledge or skills, or directly helping them perform some of their tasks. Examples of counterproductive work behaviors include bullying, gossiping, and physical abuse; and defacing or destroying work property, tardiness, sabotage, and absence. Some productive and counterproductive behaviors may exist on the same dimension (e.g., socializing at work could increase performance via social cohesion up until the point it becomes a distraction and impedes organizational progress). In addition, some behaviors may exist on a spectrum that runs from productive to counterproductive Performance criteria are measurable outcomes such as speed of promotion, honors and rewards, and evaluation report.

 Our framework is based on a synthesis of the military and non-military literature. The framework focuses on the social component of the performance which includes the antecedents of performance (e.g., the 5 personality traits of extraversion, agreeableness, openness, conscientiousness, and neuroticism; creativity, motivational traits, and commitment to DoD Ethical and Army Values, and the Warrior Ethos), along with the behaviors of performance covered under the concepts of organizational citizenship and counterproductive work behaviors, regardless of intent motivating the behavior. 



ANTECEDENTS OF PERFORMANCE: Army Values, Warrior Ethos, Big 5 Personality Traits, Creativity,

Motivation, Job & Community Embeddedness, Vocational Interests

Linking Data to the Performance Framework

Global Assessment Tool

External Community Data (e.g.
Army Community Service (ACS),
BLS

DIRECT DETERMINANTS

Cognitive Component Social Component Physical Component

CRITERIA OF PERFORMANCE (Outcomes)
Speed of Promotion, Training as a Reward, Evaluation Reports

Armed Services Vocational
Aptitude Battery (ASVAB) scores
Global Assessment Tool (GAT)
DEOMI Command Climate Survey
Unit Risk Inventory

Digital Training Management
System (DTMS) Height and
Weight

DTMS Army Physical Fitness Test

IPERMS Courts Martial
Article 15 Proceedings
Letters of Reprimand

Army Transaction File

Army Training and Resource
Requirement System
Individual Training History

17
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We add data to each bucket of our performance framework; reached the point where we can do modeling across all data sources.

Antecedents:
Global Assessment Tool Survey Responses
External Community Data (e.g. ACS, BLS)

Behaviors:
IPERMS Courts Martial
Article 15 Proceedings (a section of the Uniform Code of Military Justice allowing commanders to carry out discretionary punishments without judicial proceedings).
Letters of Reprimand

Determinants:
ASVAB scores
Global Assessment Tool
DEOMI Command Climate Survey
Unit Risk Inventory
DTMS Height and Weight
DTMS Army Physical Fitness Test

Criteria of Performance:
Army Transaction File
Army Training and Resource Requirement System
Digital Training Management System
Individual Training History
Officer evaluation reports


Questions

Contacts:

Kelly S. Ervin, PhD

U.S. Army Research Institute

for the Behavioral and Social Sciences
Kelly.s.ervin.civ@mail.mil

Joshua Goldstein, PhD

University of Virginia, Social and Decision
Analytics Division (SDAD)
joshua.goldstein@virginia.edu

We acknowledge the significant contributions of all co-authors on this project:

Nathaniel Ratcliff, PhD
U.S. Army Research Institute for the Behavioral and Social Sciences

Sallie Keller, PhD
Vicki Lancaster, PhD
Stephanie Shipp, PhD
University of Virginia, Social and Decision Analytics Division (SDAD)

Joel Thurston, PhD
Center for Army Leadership (CAL) U.S. Army Combined Arms Center
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