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Human Factors 
and Training
Always Last?
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Technology and Humans… 

Knallerfrauen



It’s Serious…



100% Information?

USS Fitzgerald

USS John S. McCain

CNN



100% Information?

2015 FOIA request



“Submarine: Steel Boats - Iron Men” (1989)

The Hoffman Collection



Adaptability

People

Digital

Metal



UK Royal Navy Training

•“are we ready to fight tonight?”

•“are we prepared to fight tomorrow?”



Sailors of the Future?
•Who will they be?

•What will they do?

• Where will they be?

• How will they train?

• Will we need them?
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Leveraging Human Information
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Presentation Overview

•The Modern Sailor
•Training System Developments
•Training Data
•Do we need Humans? Simulation and AI
•Simulation – C2 Convergence
•Organisational Realities



The Modern Sailor



2017 RN Age Distribution

Wikimedia

47% of the 
Royal Navy is 

29 or Less
 

and 79% 39 
or Less

UK Defence Personnel Statistics - No CBP7930, 29 June 2017



“Digital Native”
a person born or brought up during 
the age of digital technology and so 

familiar with computers and the 
Internet from an early age

Wikimedia

Broadly, 50% of the Royal Navy now are 
Digital Natives and 80% by 2030 

Oxford Dictionary – Flikr/cwasteson



Globally, nearly a 
billion SMS text 

messages are sent 
every hour



Changing 
Demographics



Video Games…



Ryan 
Jenkins

Wikimediahttp://v000-ryan-jenkins.pantheonsite.io



Young People Now Have More Knowledge?

Ally Bank



Employee Power?

ratings and reviews of over 
600,000 companies worldwide

glassdoor



What’s Next?

Digital Native

Pixabay/YouTube

Digital Native                    AI Native?



Training System Developments



Digital Media Consumption
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E-Learning
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Live
Simulation

-
People in 

Instrumented 
Real World

Saab, BISim, Matrix Games

Virtual
Simulation

-
People in a 

Virtual World

Constructive
Simulation

-
Simulated 

People & World



•LVC

Live-Virtual-Constructive Infrastructure



Latest Simulation Technology

BISim



Consumer Technology

Bohemia Interactive Simulations



Military Access to Simulation

1990 2000

N
um

be
rs

10’s

100’s

1,000’s

2010 2020



Maritime 
Operations 

Room 
Training

BAE Systems/MoD



Maritime Composite Training System

BAE Systems



Virtual 
Reality



Daqri Helmet

Augmented 
Reality



Quantified Human



Train and 
Retain the 
Trainer?
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Training Data



UK
Thursday 

War

Weekly war-fighting 
and damage control 

exercises

https://www.youtube.com/watch?v=iNaRsFYSPP8



Training & Operations Management Software 
(FlightPro)

Ocean Software FlightPro® 



xAPI

learnxapi.com



Dstl Funded Research - What can we Learn from Massively Multiplayer 
Online Games? (MMOGs) in a Defence Context?

• MMOGs offer a new way of thinking about persistency of 
training and simulation data and user community support. 

• A defence MMOG approach would bring benefits to trainees, 
trainers, analysts and the enterprise, driving cost 
effectiveness and improving flexibility. Key MMOG features:
• Persistency of Player/Simulation Data
• Community Support 



Digitisation of Training
E-Learning

Simulation

Virtual 
Reality

Augmented 
Reality

Mixed 
Reality

Wearables

Internet of 
ThingsSensors

Mobile 
Computing

Cloud 
Computing

Data 
Analytics

Artificial 
Intelligence

Autonomous 
Systems
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A Fourth Revolution - Training 4.0 (?)

1st 2nd 3rd 4th

Paper,
Chalk

Paper,
Electro-Mecha

nical

Digital
Media

Digitisation of 
Training



People 
Analytics

2017 Deloitte Global Human Capital Trends - Rewriting the rules for the digital age

• Driven by the widespread adoption 
of cloud HR systems, companies 
are investing heavily in programs to 
use data for all aspects of 
workforce planning, talent 
management, and operational 
improvement.

• People analytics, a discipline that 
started as a small technical group 
that analysed engagement and 
retention, has now gone 
mainstream.



Personalised Data-Driven Learning

EDUCAUSE®



Linking?

Training
Data

Operational
Data



Do we need Humans?
Simulation and AI



Queen Bee Drone – 1930s/40s

nearly 400 built



Nothing New in the World?

Gaumont  British Newsreel (Reuters) - Wikipedia

RN High Angle Control System Fire Control 
Computer (1930s/40s)

Radio Controlled “Queen Bee” (1936)



Military Autonomous Systems

US Army 
Manned-Unm

anned 
Teaming 
(MUM-T)

US Navy 
Autonomous 

Craft

US Navy

X-47B

US AFRL

“ALPHA”



Driving Factors in Artificial Intelligence

1. Hardware
• Faster Processors hosted locally or in the cloud

• Synergies of AI programming (eg. solving matrices) and graphics 
cards

2. Data
• Explosion of data, online and real time, to train AI programs

3. Algorithms
• Algorithms such as deep learning are a major force driving AI



DeepMind and Go (Oct 2017)

• Latest DeepMind incarnation is 
“AlphaGo Zero”, with new neural 
net design

• Trained in 3 days, no human 
intervention except Go rules

• Result:
• “AlphaGo Zero” beats 

“AlphaGo” – 100 to 0
• Singularity?



AI Learning in Games (2015)

Google DeepMind
(Atari Breakout)

Princetown University
(TORCS Racing Simulator)



Nvidia’s Isaac Robot Training (May 2017)

Nvidia



Unity Games 
Engine

Machine Learning 
Agents (Sep 2017)

Nvidia



AI and Strategy 
Games (2017)

Starcraft

1. A multi-agent problem

2. Imperfect information

3. Large & diverse action 
space 

4. Early decisions influence 
the game later



Alphabet 
(Google) 
Waymo

3 Million Real Miles (2016) 2.5 Billion Simulated Miles (2016)



Artificial Intelligence Technology Challenges
• Large volumes of data are required, especially for modern 

neural net AI approaches
• Favours the large Tech companies? 

• AI programs typically can only do one task
• "there is no neural network in the world, and no method right now that can 

be trained to identify objects and images, play Space Invaders, and listen 
to music“ (DeepMind)

• AI programs can be difficult to understand and verify after 
programming
• DARPA’s Explainable Artificial Intelligence (XAI) 

•Cyber Security?



The Ethical Dimension of Artificial Intelligence

German Government Autonomous Car Design Principles (2017)

1. Automated/networked driving is ethically necessary if the 
systems cause fewer accidents than human drivers

2. In the event of danger, the protection of human life always has 
top priority

3. For unavoidable accidents, any qualification of people according 
to personal characteristics (eg. age) is not permitted

4. At all times the system must state who is responsible: the human 
or the computer

5. Anyone who drives must be documented

6. The driver must be able to decide themselves about the use of 
their vehicle data

UK Ministry of  Defence (2017):

“It’s absolutely right that our 
weapons are operated by real 
people capable of  making 
incredibly important decisions, and 
we are guaranteeing that vital 
oversight”



Paul M Fitts (ed) (1951)
Human Engineering for an Effective Air Navigation and Traffic Control System

• We suggest that great caution be exercised in assuming that men can successfully 
monitor complex automatic machines and take over if the machines break down.

• Engineers should seriously consider systems in which machines would monitor men 
and prevent them from making dangerous mistakes.



Still Some Way to Go

Tom Clancy's Rainbow Six: Vegas 
2

Google Street View



Humans 
might get 
even better…

The Guardian – 7 Nov 2016



The Optimum Human/Machine Blend
•Humans & Machines working in Harmony 
Maximising the Strengths of Both



Simulation – C2 Convergence



Ender’s Game - 1985



Ender’s Game Film - 2013



Ender’s Game

Leadership

Remotely-Operated/Autonomous Agents

Intuitive Interfaces



Sir Jock Stirrup Chief of Defence Staff
2007 RAeS Edwin Link Lecture

“Lets imagine for a moment a possible 
future scenario. A commander sits above 
a battle space with a Gods eye view. He 
is not actually there he is in a synthetic 
environment fused from the inputs of 
multiple and diverse sensors.
By a gesture or a word he can suddenly expand any part of the scene… by word or 
gesture he can designate targets which are automatically engaged perhaps by unmanned 
combat vehicles... He sees the results in real time and reacts accordingly... presented also in 
real time to another commander...

And the scenario that I have described has at its heart the networking of sensors, decision 
makers and weapons systems… and it fuses synthetic and real world environments in a 
way that makes it increasingly difficult to distinguish between the two.
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between the two.



Sir Jock Stirrup Chief of Defence Staff
2007 RAeS Edwin Link Lecture

“Lets imagine for a moment a possible future scenario. A commander sits above a battle space with a Gods eye 
view. He is not actually there he is in a synthetic environment fused from the inputs of multiple and diverse 
sensors.

By a gesture or a word he can suddenly expand any part of the scene… by word or gesture he can designate 
targets which are automatically engaged perhaps by unmanned combat vehicles... He sees the results in real time 
and reacts accordingly... presented also in real time to another commander... 

And the scenario that I have described 
has at its heart the networking of 
sensors, decision makers and weapons 
systems… and it fuses synthetic and 
real world environments in a way that 
makes it increasingly difficult to 
distinguish between the two.



The Problem - Different Stages to Perform On…

Images - Wikipedia

Training Mission Preparation

OperationsAnalysis



  Ambition C4ISTAR
Systems

Training &
Simulation
Systems

Autonomous
Systems



Organisational Realities



Technological Change

2017 Deloitte Global Human Capital Trends - Rewriting the rules for the digital age



The 
Organisation 
of the Future

2017 Deloitte Global Human Capital Trends - Rewriting the rules for the digital age



Technology

Wikimedia

Procurement



Stovepipes of Data
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Training Providers - Innovation v Stability?

• Adaptability
• Responsiveness
• Technology Exploitation

• Investment
• Stability of Supply
• Stability for Trainers



Striving for Training System Interoperability
Challenges
• Project Priorities v Enterprise Priorities
• Different Vendors
• Different Timescales
• Different Technology

Response
• Standards Bodies

– Simulation Interoperability Standards Organization
– NATO Modeling & Simulation Group

• Rationalise Software



3 Final Thoughts
• Human factors become more important as 

automation increases

• Simulation can play a key role in testing and 
training humans and autonomous systems 
both separately and together

• Can we learn more from the gaming 
industry?

Autonomous 
System

SimulationHuman(s)



Questions?



100% Information?

2015 FOIA request



People are the Most Adaptable Component of 
Military Capability
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 SISO/US Army – ENGTAM Group
(Exploration of Next Generation Technology Applications to Modeling and Simulation)

•Gaming Technology
•Virtual Reality
•Augmented Reality.
•Cloud and Streaming
•Wearables/IoT
•Big Data and Data Analytics
•Artificial Intelligence

https://www.sisostds.org/StandardsActivities/StudyGroups/ENGTAMSG.aspx



US Army Synthetic Training Environment (STE)

• One synthetic environment for training
• Incorporate the US Army’s one-world terrain project which maps the entire 

globe, both geographically and socio-politically.
• Realistic Simulation to accurately represent current and future weapon systems
• Interoperation with Mission Command Information Systems (MCIS)
• Delivery of Training to the Point of Need (PoN)
• Integration with services / applications outside the gaming engine
• After Action Review (AAR) Tools
• Immersive Training via Virtual interfaces
• Scalability (40,000 to 2,000,000 entities)



Video Game Players and Remote Operation

Wikimedia

• Three potential UAS 
operator groups were 
explored for suitability:

- Video game players (VGP)
- Professional pilots
- Private pilots

• “Findings support the idea 
that VGPs could be 
considered a resource in 
UAS operation”

Pixabay



Islands of DataPixabay



MoD Customers

Service 
Providers

Pooled Data



So What?

Computers are being 
programed to learn how 
to play games, not how 

to play games
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Land/Air Integration

Cubic Individual Combat Aircrew Display System 
(ICADS®)

MBDA/MLM RAIDS
(Rangeless Airborne Instrumented Debriefing System)

Cubic Area Weapons Effects 
Simulator (AWES)

Forward Air Controller



BML & C-BML (now C2-Sim)

• Battle Management Language (BML) (2001) and 
Coalition Battle Management Language (C-BML) (2004)

• Link between C2 and Simulation Systems

• Standard digitized representation of a commander's 
intent to be used for real troops, for simulated troops, 
and for robotic and automated forces



Some Benefits of a Data-Driven Approach
Trainee Trainer
• Trainees have a training and 

education environment that 
measures and records their 
performance and provides official 
goals to be attained 

• Through career, training content and 
other trainees are easy to discover 
and share knowledge with 

• Trainers have access to a training 
and education environment that is 
available 24/7 and is maintained and 
updated centrally

• Training scenarios are easy to 
access, develop and share 

• Training and exercise events are 
easy to schedule and set up, locally 
and across the defence enterprise

Training Analyst Enterprise
• Training and human factor analysts 

can collect centrally held training 
data and can conduct analysis on:

• human performance and 
training systems effectiveness, 
and

• methodologies/pedagogies

• Software and data are maintained 
and upgraded centrally reducing 
costs and responding better to 
changing operational needs



Challenges

•Data ≠ Knowledge

•People Business

•Cyber



Where to Invest?

More e-Learning 
for all?

A more expensive 
Simulator for a few?

£

Pixabay



Value for Money? - US GAO Aug 2016 Report
• Seven (US Army) virtual training devices are used on average for 

21% of their total availability
• Four of the low-use systems cost more than $70 million to 

procure and $15 million to operate in FY2015

• Gaps in Governance:
• Front-end analysis
• Effectiveness analysis
• Linkage with training strategies

“Efforts to Adjust Training Requirements Should Consider the Use of  Virtual Training Devices”

Utilisation
Engagement Skills Trainer II (EST II) 38%
Call for Fire Trainer II 37.8%
Games for Training VBS coming 30.8%
Dismounted Soldier Training System (DSTS) 15.4%
Stryker Mobile Gun System Advanced Gunnery Training System (MGS AGTS) 8.6%
Intelligence and EW Tactical Proficiency Trainer (IEWTPT) 8.4%
Common Driver Trainer (CDT) Mine Resistant Ambush Protected (MRAP) vehicle 
device 1.3%



Why is Data of Interest?



Sensors 
Everywhere



AI and Data

RAF



How do they all fit together?
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Whole World DataBohemia Interactive Simulations



Training Can be Dangerous



Training Can be Expensive



• Affected by Weather

• Affects the Environment

• Aircraft Required

and…



Board Games 
and AI

AlphaGo (2016)



Quantitative
Evidence?



Organisational/Project Boundaries

ASDOT

DCS&S

LTPA

WIST

MSHTF

STARS

MFTS

TyTan

TFST

DOTC(A)

F-35

iASTCDSALT2

C17 AUV E-3

A400M

C-130

P-8MAA

Apache



How does it all fit together?
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