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= Introduction
—STTC’s Adaptive & Intelligent Training Systems Team
—Army Learning Concept 2030 — 2040

= Competency Based Experiential Learning

= Connecting Experiential Learning with an Ecosystem
—Introduction of the STE Experiential Learning for Readiness (STEELR) Data Strategy

» Use Cases
—Competency Assessment for STE Training in Live Environments (CASTLE)
—Medical Competency Framework (TEMPEST)
—STEEL-R in eXercises (STEELRX)



Team

Army civilians with
expertise in learning
sciences, team
training, human
factors, and artificial
intelligence

Research

Al-driven training

Learner modeling

Synthetic training
Multimodal analytics
Automated feedback
Team effectiveness

Stakeholders

STE-CFT
PEO STRI
TRADOC
ADL
NATO
USMA WEST POINT

Outcomes

Programs and
guidelines that
demonstrate the
effectiveness of next-
generation training
systems.




USES CASES

Scenario Generation

Intelligent Coaching
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Competency Modeling

Al-Driven Assessment
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Supporting a Forward Vision of Training & Education
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ARMY LEARNING CONCEPT (TP 525-8-2)

SOLUTION COMPONENTS

1.

Optimize the Army as a
learning organization
Invest in proven learning
strategies

Invest in enabling
technologies and use
learning science to guide
their employment

Build the Army’s data-
informed learning
infrastructure

Foster human capital and
workforce development
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Foster Human
Capital and
Workforce

Development

with the Talent

Management

System

Enable Data-
Driven
Assessment and
Development of
Individuals and
Teams

ol

Operational
Domain

—

Domain

Integrate
Learning
Science and
Enabling
Technologies

Commit to
Culture of
continuous
Organization
Development

Design
Learning
Strategies
focused on
Learner
Centricity




ESTABLISHING AN ALC CAPABILITY [BEvconm

1. The ALC 2030 - 2040 provides a list of Required Capabilities to enable Solution Synopsis
2. Each Solution Component has a list of Science & Technology needs to enable the
Required Capabilities




ALC RESEARCH NEED STATEMENTS ALIGNED [EEveonm
TO OUR S&T INVESTMENTS i

1. Invest in enabling technologies and use learning science to guide their employment

Strategies for blended instructional models that incorporate adaptive
instructional systems with existing methods

Support relevant “learning-centered” competencies to enable more efficient
learning

Linking Formative and Summative Assessment types to developmental feedback
provided through emerging learning technologies

2. Build the Army’s data-informed learning infrastructure

Techniques for creating/managing evolving proponent competency frameworks
Define developmental trajectories across ecosystem resources for novel
competency requirements aligned to an evolving technological environment
Develop probabilistic Decision Support Tools that provide recommendations
across all learning modalities and prescribe specific learning experiences



N

RESEARCH PROGRAM ALIGNED TO THE ALC:

Competency Based Experiential Learning (CBEL)
for Multi-Domain Operations
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Competency-Based Education

CBE
is @ model n !{E

Focused on Based on
mastery of learning
competencies outcomes

Centered on
the student
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Experiential Learning
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Competency-

Based
Education

Experiential
Learning
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Competency-
Based
Experiential

Learning
(CBEL)
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Focused on developing
skills and improving
competence in those
skills

Skill development and
proficiency require
practice across multiple
episodes and
variations/conditions

Proficiency develops
longitudinally and decays
without recency
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Building a Community of Practice through the

TOTAL LEARNING ARCHITECTURE (TLA)
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2019 ADL INITIATIVE TLA REPORT CONTROL LOOPS @& [2&ycom

Formal | Informal | Work/Life Mission
Training | Training | Experience Effectiveness

Credential

Prlmary
Sel

Job/Duty/Gig

Career

0 o o o s e Career / MOS / AFSC / NEC

Control Loop 5: New Career Goals
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TLA EXTENSION TO DRIVE COMPETENCY DEVCOM
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DEVELOPMENT THROUGH EXPERIENTIAL LEARNING

Talent
Loop 4: Select Career Occupation Management Team / Person (Actor)
Assignment and Assignments Competency
g i and Paygrades Profile (CaSS
UtlllZIﬂg data Promotion Goals ( ) g
. =
as evidence S
Loop 3: Identify Needed  ynits, Teams, 2
at all levels Competence for Roles, Grades '-:
] Assigned Unit, Team, E?rse'l‘(“a' o
Generating Role, Grade aske — g
assertions Plan Assignments Synthe“?’ SI?MI- (=]
Plan Promotions Synthetic, Live
from that Loop 2: Improve Unit, Courses &
. Team or Role Mission )
E
eVIdence Task/IKSA Competence Xereises
Establ iSh i ng a Plan_ Courses and
Exermses_Schedules
trusted formafinforma) Classroom Online Experiential Conditions,
prObabiIiStiC Education  Education Training leéltculty &
ress
Loop 1: Build Experiential-Expertise in
competency Required Tasks, KSAs, Conditions
= Plan Course - -
pI'OfI Ie Modules and/or Synthetic, Semi-

Exercise xEvents Synthetic, Live

Hernandez, M., Goldberg, B., Robson, R., Owens, K., Blake-Plock, S., Welch, T., & Ray, F. (2022).
Enhancing the total learning architecture for experiential learning. In Interservice/Industry Training,
Simulation, and Education Conference (lI/ITSEC).



Training Strategy & Focus

oDEeEvCcCOM

CBEL High-Level Exemplar @ (22

Individual & Unit Training Experiences Selected for Competency Development

Basic Domain  Virtual / Synthetic Semi-Synthetic/ Blended STX & Live Practice Live Qualification
Education Task Practice Live Application  Tactical Practice
Institutional Learning RVCT S/G/A, EST/SVT, SIVT, AGTS, BATS, RCVT, Live STX Range, Live STX Range, CITA, Live Ranges
& Assessment AGTS/BATS, TRACR TRACR / ACE CITA, TRACR / ACE TRACR / ACE MILES/HITS2/CITA
INDIVIDUAL INDIVIDUAL/TEAM TEAM/CREW TEAM/CREW TEAM/CREW UNIT/TEAM/CREW
Declarative Knowledge, Procedural Skills, Live Procedural Skill, Tacit Knowledge Tacit Knowledge Combined Arms Combat
Procedural Knowledge, Knowledge Application, Psychomotor Evaluation Development Development Readiness Evaluation
Values Evaluation Cognitive Evaluation Teamwork Development Teamwork Development

Capture Data Capture Data Capture Data

CRAWL RUN

Orchestrate Training Orchestrate Training Orchestrate Training

STE Experiential Learning for Readiness (STEEL-R)
Data Strategy
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WHAT IS STEEL-R?
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STEEL-R:

Adaptive Training Management from a Data Strategy
Perspective

Designed to Harness Data through
Adaptive Instructional Services
and

Learning Engineering Principles




A DATA STRATEGY TO DRIVE OUR RESEARCH D [2Eycom

Execute Assess

v

Experience Design Tools (xDT) and Scenario/Content

Generation Longitudinal Training and Education Data

Simulation Data
LMS Data

Statements

¥ ,
( )
Training / Education Noisy LRS Competency Competency Experience
Environment ssasssszesssssss Framework Dashboard Navigator
- B
Transactional LRS
elLearning Interaction
Sensor Data g xAP
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C I Data-Driven Evidence
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STE Experiential Learning for Readiness (STEEL-R; Goldberg et al., 2021)
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MULTIMODAL DATA FRAMEWORK AND N [5yeonm
FUNCTIONS FOR EXPERIENTIAL LEARNING & [[BEY

Multimodal Training Data ~ Data-Driven |
from Simulation Training Management Functions

e
Data-Driven TMT

Objective Assessment
Simulation Data Competency Modeling

Intelligent Coaching
Scenario Generation
Natural Language
Interaction

Machine Learning
Supervised Learning
Unsupervised Learning

_ Semi Supervised Learning
Reinforcement Learning

Data Strategy

Assessment Data and Input

performance Ratings | MR

Questionnaires

Peer Assessments
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STEEL-R TECHNOLOGIES [BEvconm

et SiMOromk SRR | [,

 Establishes real-time data capture with training environments

« Manages data and observer-driven assessments

« Interoperates with existing military training experiences and
commercial assessment engines

« Emits evidence-centered xAPI Statements

» Noisy LRS captures all xAPI data

« (i.e., formative and summative assessments from GIFT, data
from other xAPI generating systems)

« LRS Pipe filters Noisy data for populating the Transactional LRS
based on the STEEL-R XAPI Profile

» Processes xAPI statements into evidence-based Assertions

« Maintains competency frameworks built with linked-data

« Computes learner and team profiles

» Provides core data for the adaptive STEEL-R Navigator

« Visualizes learner and team profiles for the STEEL-R dashboard

APPROVED FOR PUBLIC RELEASE

XAPI
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DIGITALIZATION IN STEEL-R &) [eEyconm

Performance Measures | | Competencies and KSAs* | | Competency Assertions

—»| Training Systems [~ GIFT APl Noisy LRS — Transactional LRS

|
A

g Competency Frameworks CaSSs
Assertions .
- Decoder » Competency Estimates —®| Dashboard
. " !
eXperience Design Tool 4 Navigator < &
Training Opportunities | | Learner Progression Learner States

*Knowledge, Skills, Abilities [Attitudes]

APPROVED FOR PUBLIC RELEASE
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STEEL-R COMPETENCY
FRAMEWORKS



Bayesian Propagation

High-Level Tasks and
Ideas

| |

Concrete Metrics

PN

Hierarchical
Competency Models

2%

N




N

__________________________________ —
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| [ Teamwork ]

: High-levels represent

! /\ ™ abstract teamwork
Stays the :Lmu [ Cognitive [ g ] concepts

' —

same _’:

Shared Mental
Models

across each 1 [ i ] o ] [ . ]
. evel 2 Perception Coordination Cooperation
scenario : Mid-levels are more
! MM L concrete teamwork
I ! behaviors
et [][][ ][ ][ =3
:
_____________________________________ ]
___________________________________ |
Changes : | | | | | | Lowest-level is
dependent _>:Leve|4 [ Domain-Specific Technical Metrics ] : performance metrICS
on the ! :

scenario
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[ Teamwork ]
Level 1 [ Cognitive

] [ Behavioral ]
Shared hared Mental . pgugn
Lavi 2 [ perception ] [3 Models ] Prior probabilities at each

Cooperation
node are based on the prior
MM experience and training of
* the team
S ) N ) -

Compute lowest-level
performance metrics for each

[ T — ]/ scenario and use Bayesian
Level 4 Domain-Specific Technical Metrics

inference to propagate up

Connections represent
conditional relationships in
the Bayes net probability
model

Coordination
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Initialization First training drill Second training
Before Training run drill run
)
Transferable Competencies
-

Observable Domain-Specific Metrics

-

— Conditional Probabilities

--== Transition Probabilities
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Framework Context Teamwork

v

Level 1 (ABC) [ Affective ] [Behavioral] [ Cognitive ]

v

Level 2 [ Team } [PSYchologlcal} [Cooperation} [Communication} [Coordination} [Shared Mental} [ Shared }

Cohesion Safety Models Perception

Collective [Mutual| Conflict SUIHE Backup . Infc.)r- . Role L5, Situational
Level 3 . . Performance . Leadership| mation |Adaptability : Compre-
Efficacy | Trust | Resolution . Behavior Clarity . Awareness
9 Monitoring Exchange hension P
4 ' ! v v l ! l | ! {
Level 4 Domain-Specific Teamwork Skills
Level 5 Observable Behavior and Data
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MEASURING savp ADVANCING SOLDIER
TACTICAL READINESS anp EFFECTIVENESS

USE CASES

CASTLE: Competency Assessment for STE Training in
Live Environments
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CASTLE: COMPETENCY ASSESSMENT FOR STE
TRAINING IN LIVE ENVIRONMENTS

Aim: Investigate how to capture, store, and
manage small unit performance data from
live and synthetic training into a squad-level
competency model using STEEL-R.

CEEEAENE o B8 O [ @EooooEe EEE
\
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Training Performance

Measurement/Assessment

aaaaaaa

Competency

BD6 Performance

Select a graph to drill down

25% . 50%

A
A
A
A

aaaaaaaaaaaaaa

o Skill
* Ability
* Task

Competency is: Data Driven
Prediction of proficiency in:
* Knowledge

Simulation trace
data

Audio data

Video data

Data
Cleaning &
Filtering

Feature
Extraction

Assessment #

OC Ratings

Squad Performance

Movement
Communication
Shot Accuracy

Teamwork

Info Exchange
Communication
Backup behavior

Leadership




CASTLE: COMPETENCY MODELING

« Design and iteratively refine
Infantry Squad Competency
Framework

* Based on theories of team
development

» Represented in Competency and
Skills System

» Uses statistical models to
estimate and track competency
development

* Design and develop prototype
dashboards and interfaces for
Longitudinal Performance
Tracking

25 April 2024
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STEEL-R in Exercises (STEELRX)
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FELD-BASED VALIDATION TESTING OF STEEL-R
WITH EXERCISE PLANNERS, OBSERVER/TRAINERS,
AND TRAINEES

»

Yy ¥y v ¥Y

Targeting Multi-National Joint Training Exercises and
Experimentation

Influence assessment thinking into exercise planning
and scenario design

Empower commanders with intuitive, relevant analytics
to inform decision making

Improve the quality and utility of performance assessment
aligned to long-range training objectives and competencies

Promote adoption of interoperable learming analytics
standards and best practices (e.g., XAPI) aligned
to Experiential Learning Theory



Aeromedical BEvacuation

ROLE 4 CONUS MTE

| 1
*Ea@mrl ROLE 3
Navy Hospital Ship

Infra-Theater E Q

Medical Evacuation -, :ﬁ ,‘___,,.-f
e ————e - ——

S ROLE 2 E;

Forward Resuscitative Care. '

.-1-” ROLE 2

Forward Resuscitalive.CEare

Casualty
Evacuation

- Ak
B
First
\\ Responder

ROLE 1
Battalion Aid Siation

S
m ! Vitasia |
Lon

First
Responder
g ff S
_._____,.,—I'
First —
Responder

T

Current as of 08 MAR 2024

25 April 2024 17 4/21/2024 BO24 MED Thread Mig 240422.optx




BQ24 MEDICAL NETWORK

—_—
- oo > !

—

=
sIU

TAK SERVER

/ DEVCOM

MEDICAL SENSORS




CONNECTING A MEDICAL COMPETENCY —
FRAMEWORK (TEMPEST)

TC3Sim and Airway
Manikin specific
frameworks
developed for
prototype

Li\} @J

High Level o
Competencies

included for

demonstration of L
scale and Dashboard

extensibility \_ )

Pl. Matthew Hackett, PhD; matthew.g.hackett.civ@army.mil
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Advanced Modular Manikin™, Phase || Reference Patient 001
Contract Award; W81XWH-14-C-0101

GIFT
L
Vgt e %aSS

Age 36

Phase 1 Concept

1. Frameworks for TC3Sim
and AMM in CaSS

2. CaSScader simulates
assertions :> .

3. TIDES Vision

Fuirg toaciog i Hovrdy Vil B

dashboards represent = e —
= —-—

simulated competencies
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QUESTIONS?
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THANK YOU.
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HIERARCHICAL COMPETENCY FRAMEWORK AN [oEvcom

ANALYSIS
A B C D E F G
Level 3 Sub- Who is this
Measure Level 1 Competency Level 2 Competency Level 3 Competency competency for Data source
2 |Assault team calls last man Behavioral Communication Information Exchange Situational Awareness ind Comms - assault team last man calls last man
3 |Assault team calls LOA Behavioral Communication Information Exchange Situational Awareness  ind Comms - LOA is called when reached by assault team
Fire team picks up and assaults through the objective eliminating any Mutual Performance GPS - soldier movement
4 |remaining OPFOR Behavioral Cooperation Backup Behavior Monitoring team MILES - hits and kills (if there are any remaining OPFOI
5 |Fire team calls last man Behavioral Communication Information Exchange Situational Awareness  ind Comms - fire team last man calls last man
6 |Fire team calls LOA Behavioral Communication Information Exchange Situational Awareness ind Comms - LOA is called when reached by fire team
GPS - soldier location
7 |After the assault, the squad establishes security Cognitive Shared Mental Models Role Clarity Situational Awareness  team IMU - helmet and weapon orientation
8 |The SL directs the fire team to move up to designated positions Behavioral Communication Leadership Information Exchange  leader Comms - SL directs fire team movement
Mutual Performance GPS - soldier movement and location
9 |The squad places out observation posts to warn of enemy counterattacks Behavioral Cooperation Monitoring Backup Behavior team IMU - helmet arientation
IMU - helmet and weapon orientation toward each
10 | The SL assigns sectors of fire for each element Behavioral Communication Leadership Information Exchange  leader soldier's sector of fire
Observed assessment- soldiers are in position to
11 | The soldiers establish hasty fighting positions Cognitive Shared Mental Models Situational Awareness ind address any new threats
The SL positions key weapons to cover the most dangerous avenue of
12 |approach Behavioral Cooperation Leadership Situational Awareness  leader IMU - weapon orientation toward most hostile locatic
GPS - soldier movement
Comms - soldiers are calling out weapons and retrievil
13 |Sguad conducts search of EPW Behavioral Cooperation Information Exchange Role Clarity team intel
Comms - intel, weapons, and belongings are reported
14 | After EPW, the squad reports to the SL everything they found on the enemy  Behavioral Communication Information Exchange team the SL by the EPW team
15 | The SL reports enemy search to PL Behavioral Communication Leadership Information Exchange  leader Comms - SL reports to PL
Mutual Performance Comms - team leaders get LACE report from their teai
16 |The TLs conduct ACE/LACE reports with their teams Behavioral Communication Leadership Monitoring leader soldiers push up LACE to their leader
17 | The TLs report ACE/LACE reports to SL Behavioral Communication Leadership Information Exchange  leader Comms - team leaders report LACE to SL
'l ' Pré'p | Before Contact | Contact to Lift Fire | Lift Fire to Endex | Cu'rrently in GIFT Co mpeteﬁcy Framework | (:B ' [4] — — - : = | o [v]

25 April 2024 45
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