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This Brief is not about the Why. 
To Learn more about the why, 
please read through this book

52 SME contributors from 
academia, education, 
government, military, non-
profits, and industry

35 Authors

385 Pages + References

Available at the Government 
Publishing Office website

No cost to download

Broad allowances for reuse

https://bookstore.gpo.gov/products/modernizing-learning-building-future-learning-ecosystem



Total Learning Architecture
A Logical View



The Total Learning Architecture is a collection of specifications
for accessing and making use of learning-related data.



What Does Lifelong Learning Mean to you?

Public/Private K-12

- Transcripts
- Extracurricular Activities

Universities, Colleges, Trade Schools

- Registrars 
- Transcripts
- Extracurricular Activities

Work Experience

- Competencies 
- Skills learned 
- Evaluations

Military Recruitment

- Armed Services 
Vocational Aptitude 
Battery (ASVAB)

“A” School

- Initial Technical 
Training

- Classroom / 
Laboratories

- Part Task Trainers
- Online / Distributed

Basic Training

- Competencies 
- Skills learned 
- Evaluations

Deployment

- On the Job Training
- Performance Support
- Competencies 
- Qualifications
- Evaluations
- Operational Records

Home Station Training

- LVC Simulations
- Online / Electronic classroom  
- Instructor Led
- CEUs / PDUs

“C” School

- Advanced Technical 
Training

- Classroom / Laboratories
- Part Task Trainers
- Online / Distributed

Professional Military Development

- Registrar / Transcripts
- Classroom / Online
- Evaluations

Other Personnel Data

- Credentials / Certificates
- Deployments
- Job History

Ships Afloat
Austere Environments

Limited Bandwidth

Enterprise Systems

- Talent Development / 
Management

- Personnel
- Safety / Accidents Reporting
- Job Performance Tracking
- Workforce Planning

Social Learning

- Online Groups
- Meetups
- YouTube





Core Services

Core Data

Backend Service

Learning Record 
Providers

Enclave

Firewall

Organization 1 Network Enclave

Core Services

Core Data

Backend Service

Learning Record 
Providers

Enclave

Firewall

Organization 2 Network Enclave

Policy, Specifications, Standards,
& Governance Define the

Ecology

Each Learning Command’s TLA Compliant
IT Assets, Data, and Services create a

Learning Enclave

Simulator 
System

Learning Record 
Providers

Federated Data
Authority To Connect

Core Data

Federation

Numerous Learning sites, Mobile Learning, Training Aids, 
Devices, Simulators, and Simulations (TADSS), and other

Ubiquitous Learning Activities create a 
Federation

Federated Data Enables Enterprise Services
• Common Course Catalog
• Unique User ID
• Enterprise Learning Analytics

Federated Data

Untrusted Data

Credentialing

Other Learning Sites
Definitions: Enclave, Federation, and Ecosystem



Enabling Force Education and Training
as an Integral part of the

Human Capital Supply Chain

Each Learning Command’s 
TLA Compliant

IT Assets, Data, and 
Services create a
Learning Enclave

Adoption of xAPI and 
LRS technology to

Remove vendor lock 
and enable analytics

Who Else Uses this Data?
• TTP Owners
• Platform & System Owners
• Manpower & Personnel Owners
• Readiness Data Owners

Learner-centric systems and data Follow the Servicemember throughout their career

Full Data Interoperability 
between Training & 

Education
Activities, Devices, Data, and 

Services create the 
Future Learning Ecosystem

IOC DODI
1322.26

FOC

Schoolhouses, Deployed
or Operational Training,

Simulator Systems
Federated Data

Data Lake

IOC Defines the TLA Policy Framework

• Training and Education Data Strategy – Federated Data

• Conformance Testing – Initial Technical Specifications

• Continuously Evolving 

FOC Matures the Tools, Technologies, and Technical Specifications to Enable:

• Competency-based Learning

• Artificial Intelligence, Automation, and Meta-adaptation

• Big Data Analytics



The TLA Policy Framework:

• Federated Data Strategy for all 
training and education related 
data. 

• Derived from internationally 
accepted technical specifications 
and standards

• Portability of learning data 
between enclaves

• Auditability and Non-
Repudiation of Competencies 
and Credentials

• Enterprise Analytics

• Artificial Intelligence and 
Automation

TLA Data Strategy

Learning Activity Tracking
• xAPI Profiles

• Controlled Vocabularies
• Domain Specific Context
• Cmi5 Specification
• Normalized Data

Activity Registry
• Experience Index

• Metadata Repository for learning 
activities, content, lessons, courses

• Metadata Strategy - LRMI
• Federated Experience Indices
• Roll up to Common Course Catalog

Competency Framework
• Competency Description

• KSAOs
• Tasks, Conditions, Standards
• Environmental Factors
• Metadata 

Universal Learner Record 
• Learner Attributes
• C&C Ledger
• Experience Ledger
• Preferences
• Career Trajectory



Credential
Control Loop 2: Optimize
Progress Towards 
Credential

5 CONTROL LOOPS

Physical 
Abilities

Basic 
Aptitude

Motivation

Opportunity 
/ Interest

Career/Job 
Selection

Primary 
Education

Initial Conditions Set

Control Loop 1: Optimize Current Activity

Formal 
Training

Informal 
Training

Work/Life 
Experience

Mission 
Effectiveness

Job/Duty/Gig
Control Loop 3: 
Optimize Credentials 
for Current Job

Career
Control Loop 4: 
Optimize 
Career Trajectory

Control Loop 5: New Career Goals

Outcomes

Career / MOS / AFSC / NEC



Recruit or accession 
program starts 
tracking

RECRUIT
Evaluation (service selection, A/C 
School/Strike rate, MOS, etc.) 
creates:
• Initial career arc and req’d

milestones
• Range of possibilities for overall 

career arc
• Includes ASVAB and FQT/FAR 

Assessments

EVALUATE

• Credentials
• Competencies
• Aptitudes
• Rank/Grade/Career Point
• Current Personae
• Current Jobs
• Job Experience

LOCATION

• Assigns Job
• Specifies required and optional 

milestones
• Has Credential/Competency 

Requirements
• Provides Learning Through 

Experience
• May Require School
• May be Deployed

DETAIL

• May be arbitrarily defined
• Credentials or Other Goals build 

towards a Milestone. 
• Credentials decompose to 

competencies
• Competencies may be orphaned
• May have multiple parents 

(DAG)
• May have multiple ways to 

satisfy (activities)

COMPETENCY/CREDENTIAL

• Sub-goals are Competencies
• May be aggregate or RCD level

SUBGOAL

• Activities are Learning 
Experiences that can satisfy 
goals or subgoals
(activity/content)

ACTIVITIES • Promotion or Screen/Select for 
Job

• Start Point of new Career Arc 
(widens possibilities)

• May be credential, select, or 
screen based

MILESTONE
• Given career arc may have more 

than one optimal milestone.

MILESTONE

• Selection opens up arc 
possibilities on current career 
arc.

SELECT

• Transition closes one arc of 
possibilities and opens up 
another with its own possible 
milestones.

TRANSITION

• Release terminates tracking

RELEASE

Master Object Model Lifecycle Messages:
• Localize preference across Continuum of Learning
• Provide endpoints for Control Loops - Performance 

Fourier analysis
• Track Learner State through total Learning 

Experience

Data Collected About:
• Activities, Content, Courses
• Competencies, Credentials, Goals, Sub-goals
• Goal Setting, Tracking, and Milestones
• Planning and Controlling
• Learner Proficiency and Readiness

Learner 
Profile

Data from 
M&P

Competency 
FR

Experience 
Index

LEGEND

ACTIVITY ACTIVITY ACTIVITY

Optimizes Course or 
Learning ActivityLoop 1

SUBGOAL SUBGOAL SUBGOAL

SUBGOAL

Optimizes Progress 
Towards a GoalLoop 2

GOAL

GOAL

GOAL
MILESTONE

Goal Sequencing towards Career 
Milestone (Jobs)Loop 3

MILESTONE

SELECT

MILESTONE

Optimizes Milestone Sequencing Along Career ArcLoop 4

DETAIL RELEASETRANSITION

MILESTONE

Optimizes Selection of Career ArcsLoop 5

RECRUIT EVALUATE DETAIL LOCATION

Velocity
Speed of milestone 

movement

LOCATION

LOCATION Trajectory

Career Arc

MILESTONE

MILESTONE



Learning Event Mgmt.
• Determine Trajectory
• Request Event
• Plan Event
• Schedule and Launch
• Contextualize

Competency Mgmt.
• Capture
• Evaluate Evidence
• Evaluate Trust
• Update Learner Location
• Contextualize

Learning 
Activity
(Edge)

(Optional) 
Noisy LRS

Learner Actions

LTI Launch Request

Performance Adjudication
• ITS
• Grading Algorithm
• Forwarding LRS
• LMS
• IOLT

Performance Data
Transactional 

LRS

Learner 
Profile

Competency 
Framework

Experience 
Index

C&C Updates

DAG

LRMI Metadata

Assign Goals

Recommend / Schedule

Assign Goals

Authoritative 
LRS 

(Learner State)

Waived
Launched
Initialized
Passed
Failed
Satisfied
Completed
Abandoned
Terminated

Organized                           Prioritized
Projected                            Recommended
Curated                               Regulated
Clarified                               Augmented
Explored                              Requested
Planned                               Directed
Approved / Denied           Scheduled

Assessed
Located
Contextualized
Captured
Socialized
Asserted
Verified
Validated
Inferred
Conferred
Qualified
Certified
Evaluated
Surveyed
Tracked

Federated HR 
DataRecruited

Assessed
Detailed
Mobilized
Employed
Selected
Screened
Schooled
Promoted/Demoted
Transitioned
Released

Data Store

Core Service

Edge System

MOM xAPI 
Messages

External 
System

Core TLA System
Other TLA Enclaves

Other
Enclave

Transactional 
LRS

TLA Policy Framework
• Meta-Object Model 

(MoM) Profile

Control Loop 1

Control Loops 4 & 5

Control Loops 2 & 3



Experience 
Index

Competency 
Framework Learner Profile

PlanningGoal Setting Scheduling Launching

Capturing Locating Contextualizing
Evaluating 
Impact on 

Competency

Learning 
Record Store 

(LRS)

Deliberate Learning

Informal Learning

REST Queries

MOM/xAPI Activity Streams

Activities/Learning Devices
• Provides Learning Event
• Tracks Learner Life Cycle

• Performance Adjudication

Data Lake

Process

Deliberate learning starts with the Learning Event 
Manager. The relationship between the Competency 
and Activity Searches and the Presence of an Instructor 
or Mentor dictates where along the Continuum of 
Learning the event has occurred.

Informal learning starts with captured, 
unscheduled evidence that is processed by 
the Competency Manager. Scheduled 
evidence is also processed by the 
Competency Manager, but the learning 
context is known to be different.

Optimization of Path Planning uses the combination of location/trajectory 
information and Performance evaluated against Context and Activity Metadata 
to determine the best fit for the learner

MOM profile xAPI messages create “activity streams” that propagate between TLA 
Services to perform the processes of learning events, which start with goal setting 
and end with evaluating the impact of new evidence on competency. 

Learning Event Manager

Location



Competency 
Management

Activity Registry
• Content Registration
• Activity Registration
• Course Registration

TLA Portal

Activity Index
• Activity Metadata
• Content Metadata
• Course Metadata

• Alignments
• Course Structure Format
• Object ID

Registration Services Common Course Catalog
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Other Services/Components

Federated 
Experience IndicesCourse Catalogs

Activity Management

Universal 
Learner Record

Learning Commands may have copies of Authoritative content to conduct and archive local learning. 
They may also register unique local activities that are not part of the CCC

Content and Activities 
may be defined at a 

lower level than 
courses at one place 

and reused at another

Activity Registry is the process of listing, parametrizing, and associating 
the local content/activities into setsAll content sets 

representing 
courses are 

discoverable 
through the CCC 

Service



Content (Files)
• Has a Format
• May have a schema
• Accessed digitally 

through some kind of 
reader/player/simulator

• May be local or remote

Activity (Context)
• Has a Location
• Has Allowable Types of 

Content
• May not require content
• May require other 

resources

Metadata
• May define attributes of 

the content, activity, or 
content/activity couplet

• Defines instructional 
purpose and attributes 
that impact learning

The couplet of allowable combinations of content, 
activities, and competency presents an opportunity for 

learning to occur, whether instruction, experiences, 
assessment, or a combination

Activity 
Registry

• Lists
• Labels
• Searches

Experience 
Index

• Stores

Learning Event 
Manager

• Captures
• Schedules
• Contextualizes

Paradata
Processing

• Update 
Metadata

xAPI (JSON)
• Actor = Learner
• Verb = MOM Lifecycle 

verb that defines the 
context under which the 
experience happened

• Object = an internal 
reference for  the 
content/activity couplet

Paradata
• Usage
• Context
• Learner State
• Impact 
• Sequencing and Loading 

attributes
• Other unique attributes

Competency 
Management

• Defines
• Evaluates
• Certifies

Competency 
Framework

Learner 
Profile

A learning event occurs that pairs a 
learner with resources required to define 

an activity and its associated content in an 
allowable configuration. It is captured in a 

“Learning Record”. Learning Records 
provide evidence of competency which is 

evaluated and certified in learning profiles

Learning Device
(Edge)

• Presents
• Collects
• Adjudicates
• Reports

Learning 
Record Store

(LRS)

Learning 
Record 

Provider 
(Boundary)

• Normalizes

Experience Index



Activity Management: An activity management service  pulls learning data from the 
Universal Learner Record (retrieved via an API) to schedule the next activity for each learner. 

Learning Record 
Producers

Transactional 
LRS

Competency Management
Use Object ID from xAPI-

Assertions to pull 
metadata from Activity 

Index

Activity Index
• Metadata
• Alignments

Mastery-based
Competency 
Framework 

Universal Learner 
Record
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IEEE 
1484.20-1
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• Curriculum
• Course 

Structure
• ISD Strategy
• Sequencing

Authoritative 
LRScmi5xAPI

Competency Management



Total Learning Architecture
Reference Implementation



• Containerized Amazon 
Web Services 

• Apache Kafka on 
multiple servers with 
dynamic endpoint 
management

• TLA Core Services and 
Data, along with Kafka 
proxy are installed on 
3 containerized VM

• Web services, LMS 
components and 
content management 
have their own VM

Reference Implementation – Server Deployment
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Kafka Broker

Your TLA Enclave

Learner 
Record

LRS

LRS

LRS

Transactional 
LRS

xAPI

Competency 
Manager

Experience Index

Activity – Content – Course Metadata

Course 
Catalog

Authoritative LRS

Learning 
Event Mgr.

W
eb
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LRS

Noisy

Noisy

Noisy

Noisy

xAPI

xAPI

xAPI

Outside Enclave 
Transactional LRS

Outside Enclave 
Activity Index

Reference Implementation



Current TLA-related Components TRL 4 TRL 5 TRL 6 TRL 7 TRL 8 TRL 9 TRL 10 Co-sponsors
Web Portal x DAU/NPS/USALearning

Apache Kafka Streaming Service x

Activity Registry / Experience Index x USALearning / DoD CMO

Competency Management System x AETC / USALearning

TLA Data Dictionary (MOM) x

Learning Event Manager x DAU

Identity Manager (UUID) x OUSD(I), AETC

xAPI Profile Server x USALearning

Common Course Catalogue x USALearning / DoD CMO

Universal Learner Record x AETC / USALearning

DAVE – Decision Support Templates x DAU / US Army STE

Conformance Test Suite - DataSim TBD



TLA Related Specifications and 
Standards TRL 4 TRL 5 TRL 6 TRL 7 TRL 8 TRL 9 TRL 10 Standards Body

xAPI x IEEE-LTSC

xAPI Profile x IEEE-LTSC

cmi5 x IEEE-LTSC

LRMI x Schema.org, Dublin Core Initiative

ePUB3 x International Digital Publishing Forum

Competency Standard (IEEE 1484.20.1) x IEEE-LTSC

JDX - Job Schema standard x US Chamber of Commerce Foundation

CTDL - Credential Transparency Description language x Credential Engine

SCORM x IEEE-LTSC

LTI x IMS Global

Adaptive Instructional Systems - AIS IEEE P2247.1 x IEEE-LTSC

Learner Record - Not Available (LIP, CLR, PESC, and 
others not viable) TBD



Current TLA Testing and Evaluation 
Opportunities Description of Research

Defense Acquisition University FPD420 Course
DAU’s xAPI Pilot course. ADL is working to assist DAU while furthering ADL Initiative research on  Federated 
Identity, Federated LRS data stores, and SCORM to xAPI Conversion

US Army Synthetic Training Environment (STE) and the Squad 
Advanced Marksmanship Trainer (SAMT)

The ADL Initiative is supporting this work while exploring Federated Data strategies, approaches for 
Federated Identify Management, and eventually team-based competencies via the Squad Performance 
Model.

The use of biometrics, AR/VR, and other tools provide insights into how some of these new technologies 
intersect with other TLA components

Defense Health Agency
The ADL Initiative is consulting to NAWCTSD who is working with DHA to create an acquisition roadmap and 
implement a DHA-wide Training and Education architecture to track lifelong learning

Tactical Combat Casualty Care is being used as an educational domain for the DataSim project that will 
simulate large datasets of xAPI statements that represent the spectrum of training and education activities, 
delivery platforms, and interactions across the TC3 community

Tactical Combat Casualty Care is being used by the PERLS development team to create an adaptive, 
personalized learning system for delivering a wide range of instructional content.



TLA Maturity Model



M&P/ HR 
System

LMS

LRS

Course 
Catalog

Identity 
SystemLMS

LRS

Course 
Catalog

Analytics
Dashboard

Competency 
System

Learner 
Profile/CF

LRS
Learning 

Event 
Management

Activity and 
Resource 

Management

Exercise 
Index

LMS

TLA Core

Analytics
Dashboard

M&P 
System

Adaptation

Edge 
System 

IoLT

Level 1 Level 2 Level 3 Level 4 Level 5
Investment:

• Add LRS to decouple training records 
from Learning technology

• Compile Common Courses

Return:
• Basic analytics
• (Support course reuse)

Investment:
• Data Labeling (Globally Discoverable 

Metadata)
• Address Globally Unique Identity 

Management and Privacy

Return:
• Enterprise Analytics 
• Standardize auxiliary content used in 

extra instruction

Investment:
• Migrate to Service Orientation
• Enable Dynamic Federations
• Catalog is generated from Federated 

Metadata indices

Course 
Catalog

Return:
• Near Real Time updates to Catalog
• Improve Curriculum Review cycle
• Shift to CVBL, improve throughput 

Investment:
• Develop Machine Learning to

•  Improve analytics
• Automatically generate metadata
• Perform credential management
• Perform resource scheduling

Return:
• Optimize Individual Credential 

Achievement
• Support Alignment of Job to performer

Investment:
• Standardize IoLT 

integration specifications
• Integrate with non T&E 

data bases

Return:
• Life Long Learning Planning 
• Human Capital Supply 

Chain Integration

Other 
Learning 

Tech

LRS

LRS

M&P/ HR 
System

Other 
Learning 

Tech

Analytics
Dashboard

Other 
Learning 

Tech

Other 
Learning 

Tech

Exercise 
Index

Metadata 
Index

LRS
LRS

Learner 
Profile/CF

Learner 
Profile/CF

Universal 
Learner 
Record

Competency 
System

Learner 
Profile/CF

LRS
Learning 

Event 
Management

Activity and 
Resource 

Management

Exercise 
Index

LMS

TLA Core

Analytics
Dashboard

Course 
Catalog

Other 
Learning 

Tech

Other 
Learning 

Tech

Exercise 
Index

Metadata 
Index

LRS
LRS

Learner 
Profile/CF

Learner 
Profile/CF

Universal 
Learner 
Record

Occupatio
nal 

Alignment

Readiness 
Data

System 
Data

Legacy 
Learning 

Tech 

M&P/ HR 
System

M&P/ HR 
System

Edge System Ecosystem Core data Core Service Enterprise 
Service

External 
Assessment 

System

External 
Content

External 
Assessment 

System

External 
Content

External 
Assessment 

System

External 
Content

Investment:
• Add LRS to decouple training 

records from Learning Tech
• Compile Common Courses

Return:
• Basic Analytics
• Support Course Reuse

Investment:
• Globally Discoverable Metadata
• Address Globally Unique Identity 

Management and Privacy
Return:

• Enterprise Analytics
• Standardize auxiliary content

Investment:
• Migrate to service Orientation
• Enable Dynamic Federations
• Catalog driven by metadata indices

Return:
• Improve Curriculum Review Cycle
• Shift to CBL – Improved Throughput

Investment:
• Develop Machine Learning to optimize 

performance
• Big Data Analytics

Return:
• Optimize Individual Achievement
• Support alignment of job to performer

Investment:
• Integrate with non 

TLA Systems
• Human Capital SC

Return:
• Lifelong Learning
• Planning



TLA Maturity Model – Level 1

A Level 1 TLA implements the xAPI 
and an LRS to decouple training 
records from a Learning Management 
or Training Management System. 

Learning Activity Providers 
instrumented with xAPI span the 
range of Learning Management tools, 
and technologies from the traditional 
SCORM-based LMS to modern 
simulation systems and beyond.

Learning 
Management 

System
LRS

LRS

LRS

Level 1 collects data about performance inside different instructional activities (or 
Experiences).



A Level 2 TLA Implementation 
enables an aggregated approach 
to managing learner enterprise 

analytics by pulling performance 
data from multiple learning 

activities to build a more 
comprehensive picture of the 

learner

Learning 
Management 

System
LRS

LRS

LRS

Many LRS solutions come equipped with 
analytics engines and dashboards that can be 
customized for an organization. 

LRS

LRS

LRS

Federated Data Management

TLA Maturity Model – Level 2



A Level 3 TLA Implementation adds Competency Management and an Experience Index that 
holds metadata from the various learning activities. The competency manager maps the 

Experience Index to align performance in an activity with one or more competencies. Learning 
events are scheduled or captured by an Event Manager . This level also separates the data 

being stored into Noisy, Transactional, and Authoritative LRSs and adds a controlled 
vocabulary through the TLA Meta Object Model

Learning 
Management 

System
LRS

LRS

LRS

Transactional 
LRS

xAPI Competency 
Manager

Experience Index

Activity – Content – Course Metadata

Course 
Catalog

Authoritative LRS
Learning Event 

Manager

Activity 
Registry

TLA Maturity Model – Level 3



Learning 
Management 

System
LRS

LRS

LRS

Transactional 
LRS

xAPI Competency 
Manager

Experience Index

Activity – Content – Course Metadata

Course 
Catalog

Authoritative LRS
Learning Event 

Manager

Activity 
Registry

Learner 
Profile

A Level 4 TLA Implementation adds a Learner Record 
Service and an Event Manager with adaptive 
sequencing and scheduling services based on preset 
business rules and established curricula

Adaptive 
Schedulers 

TLA Maturity Model – Level 4



Learner 
Record

Learning 
Management 

System
LRS

LRS

LRS

Transactional 
LRS

xAPI Competency 
Manager

Experience Index

Activity – Content – Course Metadata

Course 
Catalog

Authoritative LRS

Activity 
Manager

W
eb

 P
or
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LRS
Credential
Repository

Learning Event 
Manager

Adaptive 
Schedulers 

TLA Maturity Model – Level 5



Competency 
Framework

Learner 
Profile

Learning 
Record
 Store

Activity 
Index

Activity 
Management 

Service

Competency 
Management 

Service

Content and 
Resource 

Management 
Service
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Publish/ 
Subscribe 
Messaging

Federated 
Competency 

Data

Human 
Resources 
Systems

Access Portal

Decision 
Support 

Templates

Alert and 
Notification 

System

Federated 
Identity 

Management

Assessment 
Systems

Learning 
Management 

System

Digital 
Learning 
Device

Federated 
Activity 
Indices

Common 
Course 
Catalog

Future 
Machine 
Learning 

Algorithms

Future 
Instrumentation 

(IoLT)

Core Services & Data User Interfaces Federated Data Learning Record Providers Future Growth



For improved data and technology interoperability
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