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Agenda

Welcome!  Please Sign Roster

Overview Jon Wade 1:00pm

Competencies & Aha Moments  Alice Squires 1:30pm

Architecture Doug Bodner 2:00pm

Experience Design Alice Squires 2:20pm

Break 2:45pm

Design Tools & Dialog Creation  Jon Wade 3:15pm

System Dynamics Simulation Doug Bodner 3:35pm

Demo Jon Wade 4:05pm

Discussion & Survey All 4:30pm

Session Adjourned: Please complete survey! 5:00pm
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Experience Accelerator Team

Experience Design:

• Alice Squires – Stevens

• Jim Anthony – OSD support

• Rick Abell – consultant

• John Griffin – consultant

• John McKeown – consultant

Evaluation:

• Bill Watson, CoPI – Purdue

• Pete Dominick – Stevens

• Dick Reilly – Stevens

• Dana Ruggiero – Purdue

Technology & Tools:

• Jon Wade, PI – Stevens

• George Kamberov – Stevens

• Brent Cox – Stevens

• Vinnie Simonetti – Stevens

• Yagiz Mungan – Purdue

Simulation:

• Doug Bodner – Georgia Tech

• Pradeep Jawahar – Georgia Tech
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Overview

• Motivation

• Research Activities

― Identify critical SE competencies and maturation 
points 

― Create appropriate learning experiences

― Define open architecture & technologies

― Develop & evaluate prototype

― Prepare for open source support

• Future Work
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Motivation
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Workforce Breakdown by Generation
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What’s More Effective?
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Transforming SE Development

We postulate that the new paradigm must be:

• Integrated: Provides an integration point of multi-disciplinary 
skills and a wide range of Systems Engineering knowledge in a 
setting that recreates the essential characteristics of  the 
practicing environment.

• Experience Based: Providing accelerated learning opportunities 
through experience-based interactive sessions.

• Agile: Allowing for quality, timely development of course 
material that is most appropriate for the target students.

• Time/Cost Efficient: Compressing multi-year lifecycle 
experiences into a much shorter period of time.
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Hypothesis

By using technology we can create a simulation that 
will put the learner in an experiential, emotional state 
and effectively compress time and greatly accelerate 
the learning of a systems engineer faster than would 

occur naturally on the job.
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Measuring Success

• Success of the SEEA prototype will be indicated with a positive 
result in the following areas:

―Experienced lead program systems engineers authenticate the 
SEEA and provide useful feedback on areas of improvement.

―Learners have identified that the SEEA has a significant 
favorable impact (e.g., per DAU course evaluation questions).

―There is the potential for learners who successfully complete 
the training to be able to immediately implement lessons 
learned from the training experience to the job, assuming the 
culture allows this.

―There is the potential for Program Systems Engineers (PSEs) to 
be able to perform targeted Level 3 competencies at one or 
more higher levels of proficiency.
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Examples of Level 3 Activities (DAU, 2011)

• Acquisition Program Systems Engineer

―Analyzes and applies processes while integrating multiple domains (analytic 
or engineering specialties) at a system or systems-of-systems level.

―Leads and/or manages systems engineering activities, develops systems 
engineering plans, and leads and facilitates IPTs.

―Demonstrates excellence in management, leadership, communications, and 
briefing skills.

• Sustainment Program Systems Engineer

―Leads and/or manages systems engineering activities for programs 
supporting in-service, out-of-production systems.

―Analyzes and applies systems engineering processes in planning and 
execution of obsolescence mitigation, system upgrades and modifications, 
technology insertion, modernization, sustainability, 
reliability/maintainability improvements, etc., as appropriate.

―Demonstrates excellence in management, leadership, communications, and 
briefing skills.
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Experience Accelerator Goals

To build insights and “wisdom” and hone decision making skills by:

• Creating a “safe”, but realistic environment for decision making

• Exposing the participants to the “right” scenarios and problems

• Providing rapid feedback by accelerating time and experiencing 
the downstream consequences of the decisions made
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Research Activities
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Research Activities

• Identify critical SE competencies and 
maturation points 

• Create appropriate learning experiences

• Define open architecture & technologies

• Develop & evaluate prototype

• Prepare for open source support
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Taxonomy of SE Competencies
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Recommended Approach*

*The user can progress - over time - to increasingly more complex situations 

(by level) in the simulation and from beginning to advanced stages of 

capability and understanding in each situational context (level).
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Research Activities

• Identify critical SE competencies and 
maturation points 

• Create appropriate learning experiences

• Define open architecture & technologies

• Develop & evaluate prototype

• Prepare for open source support
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Learning Process

Concrete Experience
(Experiencing)

Abstract Conceptualization
(Theorizing)

Reflective 

Observation
(Reflecting)

Active 

Experimentation
(Doing)

Profile building

Communication with team, and 

stakeholders

Decision and Actions Feedback on performance

After action reflection

Synthesis of lessons learned

Developmental objective 

setting

Re-experiencing / testing of 

lessons learned

Accelerated 

Development



NDIA Annual Systems Engineering Conference, October 24, 2011 21

• Accelerated skills

―DoD lead systems engineers

―Contractor systems engineers

―IT systems engineers

―Sustainment engineers

―Transportation engineers

Framework and Applications

Competency 

Taxonomy

Learning 

Objectives

Generic 'Aha' 

Moments

Learner 

Profile

Challenges & 

Landmines

Experience 

Case Study
Domain 

Elements Realism & 

scar tissue

Customization

Goals and 

learning

Influence based 

on learner skill 

level

Influence based 

emphasis of selected 

competencies

Competency

Framework

Experience

Framework
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The Experience: A Day in the Life of a PSE

UAV KPMs:
• Schedule
• Quality
• Range
• Cost

UAV System:
• S0 – System
• S1 – Airframe and Propulsion
• S2 – Command and Control
• S3 – Ground Support

Phases:

 EA Introduction
 Phase 0: New Employee Orientation

 Experience Introduction
 Phase 1: New Assignment 

Orientation

 Experience Body
 Phase 2: Pre-integration system 

development -> CDR
 Phase 3: Integration -> FRR
 Phase 4: System Field Test -> PRR
 Phase 5: Limited Production and 

Deployment
 Phase 6: Experience End

 Experience Conclusion
 Phase 6: Reflection

 Each session = 1 day
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Challenge/Landmines & Linkages

System Challenge Phase Evidence Situation Desired Actions Inputs to Simulation

S2
range too 
short

P2
range 
projections

weight during 
development is too 
high

Reallocate resources - focus 
resources on weight reduction

Change assignment of 
labor within sub-system 
development

Change subsystem allocation -
reallocate weight from S2 to S1

Change weights

Change system level feature -
reduce expectations for range

Change range target

S1
range too 
short

P3
range 
projections

drag is higher than 
expected in wind 
tunnel testing

Reallocate resources - focus 
resources on drag reduction

Change assignment of 
labor in S1

S1, S2 schedule P2
completion 
rates

productivity lower 
than expected

Add resources - hire additional 
labor

Hire new personnel

S2 schedule P3
completion 
rates

more changes had to 
be made than 
anticipated

Adjust schedule Change schedule target

S0 schedule P3
completion 
rates 

unexpected 
integration issues

Add resources - hire additional 
labor; purchase additional test 
equipment

Hire new personnel for S0; 
add test equipment 
resources

Reallocate resources  - focus on 
integration, get help from other 
areas

Change assignment of 
labor in S0

S2 quality P2, P3 defect rates
software defect rate 
is too high

Reallocate resources - focus 
resources on design/code reviews

Change labor assignment
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Research Activities

• Identify critical SE competencies and 
maturation points 

• Create appropriate learning experiences

• Define open architecture & technologies

• Develop & evaluate prototype

• Prepare for open source support
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Emphasis on Open System Architecture

Benefits:

• Reduced development time and overall 

life-cycle cost

• Ability to technology as it evolves

• Commonality and reuse of components

• Increased ability to leverage commercial 

investment

The Experience Accelerator’s emphasis on Open System 

Architecture is coupled with strong preference for use Open Source 

Software products for implementation wherever appropriate

Principles:

1. Establish an Enabling Environment

2. Employ Modular Design Principles

3. Designate Key interfaces

4. Use Open Standards
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Challenges tuned to 
user needs

Characters (Q&A) and 
documents (user 

research)

Simulated world of 
DoD program

The Prototype
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Multi-Threaded Java Server Architecture

27

DoD
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Research Activities

• Identify critical SE competencies and 
maturation points 

• Create appropriate learning experiences

• Define open architecture & technologies

• Develop & evaluate prototype

• Prepare for open source support
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Prototype Feedback Loop

Systems Dynamics Simulations

Learner Recommendations

Project Impact
NPC Dialog

* From Software Process Dynamics, Ray Madachy



NDIA Annual Systems Engineering Conference, October 24, 2011 30

EA Control Screen

11/3/2011 30
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Evaluation Plan

Initial Prototype Evaluation
• SME and targeted instructor survey feedback
• Will drive prototype revisions

Final Prototype Evaluation
• Identify competency assessment tools 

o (1) Problem ID & recovery

o (1) Systems Thinking

o (2) System Integration

Evaluation Tool Development
• Develop operationalized definitions of competencies to be assessed
• Review research literature for relevant assessments to guide evaluation tool 
development.

11/3/2011 31
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Prototype Evaluation
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Prototype Evaluation
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Prototype Evaluation
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Prototype Evaluation
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We could use your help….

Please complete a short survey following 

the presentation in order to provide 

feedback on the prototype.
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Research Activities

• Identify critical SE competencies and 
maturation points 

• Create appropriate learning experiences

• Define open architecture & technologies

• Develop & evaluate prototype

• Prepare for open source support
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Release Train

• V1 Oct:  Improve first-year prototype

―Stabilize operation

―Complete implementation of existing 
features

―Improve interfaces to facilitate 
updates and modifications

―Update for architectural conformance

• V2 Jan: Refine first-year prototype 
based on evaluation feedback

―Desktop usability improvements

―Improved artifacts and dialog

―New dialog authoring tools and 
capabilities

• V3 Spring: Add major new features

―EVM cost support

―Non-technical conversations

―Meeting support

―Replay fatigue avoidance

―Preparation for open source support
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Configuration Management

Software:
•Source control: Subversion
•Project Development, Management and Tracking: TRAC
•Hosting: Stevens’ server

Content:
•Dialog files – Chat Mapper
•Integration: Dropbox, manual upload to Subversion
•Software upgrades: versioned release trains with major and minor releases

Documentation:
•Move to Wiki-site at version 2.0

11/3/2011 39
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Documentation

• Technical

―Concept of Operation

―Architecture Document

―Technology Design Document

―System Specification

―Deployment & Usage Guide 

• Content

―Experience Design Document

• Tools 

―Content Creation Tool & Process 
Guide 

• Evaluation

―Informal Evaluation of Experience 
Accelerator Prototype report

―Plan for Formal Prototype Evaluation 
report

―Experience Accelerator Evaluation 
report

• Program

―Final Report
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Future Work
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• Assess and improve first-year prototype to stabilize operation 
and produce desired learning

• Expand first-year prototype with additional capabilities

―Expand set of challenges and landmines

―Include cost objectives

―Enrich user profile and competencies addressed

―Enhance simulated world features and character interaction

―Add features to user desktop

Future Work: Capabilities
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• Improve content creation and development tools

―Dialog authoring

―Artifact creation

―Event descriptions and triggering

• Make Open Source Ready

―Documentation

―Source control and defect tracking

―Port to open development environment

Future Work: Productivity
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Future Work: Evaluate Efficacy

• User Feedback

―Develop more detailed feedback linked to competency model

―Create competency scores based upon simulation performance

―Create a Comprehensive Feedback Report that participants can 
save/download

• Outcomes assessment
―Establish outcomes assessment plan
―User reactions
―Behavior change / performance improvement measures 

• Development Planning

―Provide Development goal setting and planning tools

―Create a database of development suggestions



NDIA Annual Systems Engineering Conference, October 24, 2011 46

Questions?



NDIA Annual Systems Engineering Conference, October 24, 2011 47

By
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SE Competencies
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SE Competency Models

In development for past few decades, but most were 
proprietary until the perceived need for SEs has caused 
industry, government and academia to collaborate and 
make many of these models public:

 NASA/Industry (APPEL, 2009)

 SPRDE PSE/SE (DAU, 2010)

 INCOSE (adopted INCOSE UK in 2010)

 MITRE (FFRDC) (went public, 2010)

 SE UARC Technical Leadership (2010)

 SE Experience Accelerator (2011)
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Competency Taxonomy Development

• Analysis / Integration of Multiple Competency Models

―SPRDE SE/PSE Competency Model

o 3 Primary Categories: Analytical, Technical Management, Professional

o 29 Competencies (45 Elements)

o Proficiency Levels Defined by system complexity

―SE UARC Technical Leadership Competency Model

o 12 Categories

o 71 Competencies

―Systems Thinking (7 primary components), plus

o Critical Thinking, comprised of:

―Strategic Thinking (from SPRDE SE/PSE model)

―Essential Thinking (ultimate goal)
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Categorization Effort

• Competencies Sorted By:

―Maintaining Original Groupings and Classifications

―Reviewing Definitions Provided in models

o 45 Elements defined in SPRDE SE/PSE Model

o Each of 71 competencies defined in RT4 model

• Identified:

―6 Primary Areas

―20 Sub-categories

o Body of Knowledge and 

Curriculum to Advance 

Systems Engineering 

(BKCASE) categories used

―87 Unique Competencies
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Taxonomy of SE Competencies

Technical
Leadership

Technical
Management

Technical/
Analytical

Project
Management

Broad
Professional

Systems 
Thinking

Critical
Thinking

Lead Program
Systems Engineer

Technical
Expertise

Domain 
Independent
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Hub

• Systems thinking is the ability to:

1. Engage in abstract thinking;

2. Incorporate multiple perspectives; 

3. Define/Develop within “fuzzy” scope/boundary; 

4. Understand [diversity of] operational contexts 
of the system; 

5. Identify inter- and intra- relationships and 
dependencies; 

6. Understand complex system behavior; 

7. Reliably predict the impact of change to the 
system over time. 

• Critical thinking includes:

1. Strategic Thinking (SPRDE-SE/PSE)

2. Essential Thinking

Thinking

Systems
Thinking

Critical
Thinking
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Technical Expertise

Technical/
Analytical

System
Definition

System
Realization

System
Deployment

and Use

Domain
Expertise

Doing

Technical
Management

System
Definition

Mgmt

System
Realization

Mgmt

Deployment, Use, 
and Life Mgmt

Project
Processes

Mgmt

Overall
Technical

Mgmt

Managing

Technical
Leadership

Enterprise
Leadership

Enterprise
Management

Enterprise Risk 
and Security
Management

Leading
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Related BKCASE Groupings

• System Definition 

―Stakeholder Requirements

―System Requirements

―Architectural Design

―Systems Analysis

• System Realization

―Implementation

―System Integration

―System Verification

―System Validation

• System Deployment and 
Use

―System Transfer for Use or 
Deployment

―Operation of the System

• System Life Management

―System Maintenance or 
Logistic Support

―System Update/Upgrade

―System Disposal or 
Retirement

11/3/2011 55
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Domain Independent

11/3/2011

Project
Management

Business
Acumen

Project
Conception

Project Planning, 
Management and 

Control

Resource
Management

Broad/
Professional

Program 
Leadership

and Development

Program
Assessment

and Recovery
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Proficiency Levels

• SPRDE-SE/PSE

―6 levels based on increasing complexity of system

―No exposure, awareness, basic, intermediate, advanced, expert

• NASA/Industry

―4 levels based on capability

―Participate on team, apply with some guidance, manage or lead, guide through 
policy

• INCOSE (UK)

―4 levels based on team role/responsibility

―Awareness, supervised practicioner, practicioner, expert

• Bloom’s Taxonomy

―Six levels of demonstrated knowledge/skill

―Knowledge, Comprehension, Application, Analysis, Synthesis, Evaluation

―Updated Version: Remember, Understand, Apply, Analyze, Evaluate, Create
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Recommended Approach*

*The user can progress - over time - to increasingly more complex situations 

(by level) in the simulation and from beginning to advanced stages of 

capability and understanding in each situational context (level).
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‘Aha’ Moments
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‘Aha’ Moment Examples

• ‘Aha’ moments were collected through interviews conducted at 
INCOSE IS, NDIA SE and IEEE Systems conferences. Examples:

―An SE was on board a plane and on this particular day of the landing, it was 
unusually foggy. The SE realized that his own life was on the line because 
the plane’s navigational system had only been tested in the context of a 
clear day. This was a huge “aha” moment for him.  

―Another SE learned the hard way that the “best” technical solution doesn’t 
always win. Legacy, economics and politics are extremely important. We 
can probably cite many examples of this.

―Having the right mentors is key for an SE’s development. Mentors provide 
great insights on problem solving and how to “manipulate” the system to 
get what you need to be successful. 

―Humans are a part of the system.  When modeling the human element it’s 
easy to model desired human behavior rather than accurate human 
behavior; however, the former will not provide the necessary model to 
support the development of a successful system.
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Common Mistakes or Anti-Patterns

• Information Gathering/Sharing (examples): 

―Looking at the data you have rather than the data you need 

―Believing a single source of information

• Processes (examples): 

―Cutting corners to make milestones rather than making the end date 

―Not integrating specialists early in the process

• Decision Making (examples):

―Over reacting to near term issues 

―Staking one’s ego on a particular solution

• Conceptual Issues (examples):

―Mistaking a model for reality 

―Underestimating your own abilities [although it helps] when others believe 
in you.
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Questions?
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Architecture
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NDIA Annual Systems Engineering Conference, October 24, 2011 64

Open Systems Architecture

Benefits:

• Reduced development time and overall 

life-cycle cost

• Ability to technology as it evolves

• Commonality and reuse of components

• Increased ability to leverage commercial 

investment

The Experience Accelerator’s emphasis on Open System 

Architecture is coupled with strong preference for use Open Source 

Software products for implementation wherever appropriate

Principles:

1. Establish an Enabling Environment

2. Employ Modular Design Principles

3. Designate Key interfaces

4. Use Open Standards
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Prototype Architecture

Challenges tuned 
to Learner needs

Characters (Q&A) and 
documents (Learner 

research)

Simulated world of 
DoD program



NDIA Annual Systems Engineering Conference, October 24, 2011 66

Modules

• Experience Master: contains the overall Experience state and provides control 
and sequencing for the other major EA modules.

• Challenge Control: contains the Learner profiles and Experience history logs 
and leverages these in conjunction with the competency taxonomy and ‘Aha’ 
moments to determine the appropriate challenges and landmines for each 
Learner.

• Simulation Engine: determines the future state of the system and outputs to 
be presented to the Learner.

• Non-Player Characters (NPC) Engine: represents other non-player characters 
in the simulation and creates and assembles the content for Learner 
interactions, and

• Presentation Engine: accepts inputs from the Learner and provides the 
presentation of the Experience interface to the Learner. 
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Experience Master

• Module Execution: Invokes and 
executes EA module in the proper 
sequence.

• Phase Sequencing: Uses a finite 
state machine to guide experience 
through program phases.

• State Variable Control:  Calculates 
and updates state variables, 
provides them to other modules. 

• Learner Input Variable Control:  
Stores Learner’s input variables and 
provides them to other EA modules. 

• History Logging: Logs history for 
playback and analysis.

Experience Master

Challenge Control 
Engine

Simulation Engine

NPC Engine

Presentation Engine

Select 

challenges 

& 

landmines

Advance 

state and 

output 

results

Facilitate 

state-

dependent 

dialog

Display 

information 

to learner 

and receive 

decisions
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Challenge Control Engine

• Databases:  Maintains 
databases for Learner profiles, 
competencies and aha 
principles, and challenges and 
landmines.

• Experience customization:  

―Selects competencies and aha 
principles based on Learner 
profile in support of particular 
learning goals

―This in turn results in selection of 
linked challenges and landmines.
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Simulation Engine

• Simulator advances program 
state by n months after 
learner makes decisions

• Utilizes system dynamics

―Continuous flow representation

• Provides performance results 
to learner in terms of charts

―KPPs/TPM

―Quality

―Progress on meeting entrance 
criteria for reviews (e.g., CDR)

―Cost (under development)

Simulation Model

Simulation Engine

Learner 

Decisions
Program 

Results
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NPC Engine

• Provides learner with opportunities 
to get information by asking “right 
questions”

• Hub and spoke dialog 
representation

• Engine guides conversation:

―Learner selects next question 
from a set of available

―Engine provides program state-
dependent NPC response

―Learner selects next question

―Questions are grouped 
hierarchically by  topic (e.g., sub-
system or performance metric)

NPC Engine

Learner 

Question
NPC 

Response

Script
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Presentation Engine

• User interface

• Virtual desktop

• Interaction functions

―Call

―Text

―File Manager (reports, 
documents, charts, etc.)

―E-mail

―Appointment calendar

―Clock
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Multi-Threaded Java Server 
Architecture 
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Questions?
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Building an Experience
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• Accelerated skills

―DoD lead systems engineers

―Contractor systems engineers

―IT systems engineers

―Sustainment engineers

―Transportation engineers

Framework and Applications

Competency 

Taxonomy

Learning 

Objectives

Generic 'Aha' 

Moments

Learner 

Profile

Challenges & 

Landmines

Experience 

Case Study
Domain 

Elements Realism & 

scar tissue

Customization

Goals and 

learning

Influence based 

on learner skill 

level

Influence based 

emphasis of selected 

competencies

Competency

Framework

Experience

Framework
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Learning Process

Concrete Experience
(Experiencing)

Abstract Conceptualization
(Theorizing)

Reflective 

Observation
(Reflecting)

Active 

Experimentation
(Doing)

Profile building

Communication with team, and 

stakeholders

Decision and Actions Feedback on performance

After action reflection

Synthesis of lessons learned

Developmental objective 

setting

Re-experiencing / testing of 

lessons learned

Accelerated 

Development
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Experience Phases

EA 
Initialization 
(one time)

Phase 1
Experience 

Introduction

Phase 2 to… Phase n-1

Phase n+1
Experience 

End

Phase n+2
Reflection

Phase n-2 Phase n

End

Ready

User 

Select
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UAV Experience
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Welcome Screen
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Problem Solving and Recovery Approach
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Modes of Learner Communication

• Artifacts (passive):

―written documents 

―email 

―phone call and voicemail 

―video/audio recordings

• NPC (interactive) 

―text-message exchanges 

―conference calls 

―Web meetings 

―Physical meetings - 1/1 or in a group
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The Experience: A Day in the Life of a PSE

UAV KPMs:
• Schedule
• Quality
• Range
• Cost

UAV System:
• S0 – System
• S1 – Airframe and Propulsion
• S2 – Command and Control
• S3 – Ground Support

Phases:

 EA Introduction
 Phase 0: New Employee Orientation

 Experience Introduction
 Phase 1: New Assignment 

Orientation

 Experience Body
 Phase 2: Pre-integration system 

development -> CDR
 Phase 3: Integration -> FRR
 Phase 4: System Field Test -> PRR
 Phase 5: Limited Production and 

Deployment
 Phase 6: Experience End

 Experience Conclusion
 Phase 6: Reflection

 Each session = 1 day
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UAV XZ-5 (S0)

1.1
Air Vehicle

1.1.3
Command & Control (S2)

1.2 
Ground Station (S3)

1.1.1
Airframe (S1)

1.1.2
Engine (S1)

WBSID Structure
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UAV XZ-5 Integrated Master Schedule
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Dialog

11/3/2011 86
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Recommendation Form Example (Partial)
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Prototype Feedback Loop

Systems Dynamics Simulations

Learner Recommendations

Project Impact
NPC Dialog

* From Software Process Dynamics, Ray Madachy
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Learning Process

Learning 
Cycle
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Prototype Experience Phases

EA 
Initialization 
(one time)

Phase 1
Experience 

Introduction

Phase 2
Pre-

Integration

Phase 4
Field Test

Phase 6
Experience 

End

Phase 7
Reflection

Phase 3
Integration

Phase 5
Deployment

End

Ready

User Select

Major Phases
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A. Pre-
Review

B. Post-
Review

C. Work 
Completion

Major Phase

Each Major Review Phase

• Phase 2

• Phase 3

• Phase 4

• Phase 5
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Sub-Phase Cycles

Cycle 1 Cycle 2 Cycle j

Sub-Phase Cycles

• Sub-Phase A: Pre-Review

• Sub-Phase C: Work Completion
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11/3/2011

GUI Tool – Phase and Event Creator

A. Pre-
Review

B. Post-
Review

C. Work 
Completion

Major 

Phase

Phases

Cycle 1 Cycle 2 Cycle j

SubPhase Cycles

Learning 
Cycle 1

Learning 
Cycle 2

Learning 
Cycle i

Begin

Learning Cycles

SubPhases
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Join the Experience Accelerator Team!

Doug Bodner

doug.bodner@gatech.edu

Alice Squires

alice.squires@stevens.edu 

Jon Wade, PI 

jon.wade@stevens.edu

Contact for information:
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By
Jon Wade  & the RT16 Team

NDIA Annual Systems Engineering Conference
October 24, 2011

Hyatt Regency Mission Bay
San Diego, CA

www.sercuarc.org

RT16 Experience Accelerator: 

Design Tools & Dialog Creation

http://www.sercuarc.org/
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Tool/Template Opportunity Areas

• Objectives & Experience Concept Development

― Learner Profile creation

― Competencies and Aha’s identification

― Experience story boarding and conceptualization

― Experience Phases & Time specification

• Context

― Project specification

― Project state and thresholds

― Roles, motivations personality factors and character 
types

― Review types and result options

• Experience Events and Flow

― Challenges, Landmines and Levels specification -> 
Events specification

― Challenge Control -> simulation parameter setting, 
event triggering

― Evidence of Challenges and Landmines

― Mitigating Actions & Effects

― Relationships between Competencies/Aha’s, 
Challenges/Landmines, Mitigating Actions & Effects

• Reflection

― Feedback format

― Scoring

• Artifacts

― Background information

― Project reviews and status reports

― Learner recommendation forms

― Email

― Dialog

― Mentoring

― Evaluation feedback

• Simulation

― Models construction

― Parameter setting

• Overall

― Process and tools documentation

― Artifact entry
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Dialog authoring:

―V2:

o (1) GUI for dialog entry

o (1) Dialog file management

o (1) Conditionals for dialog branching

o (1) NPC multivariable state (like/dislike, etc.)

―V3: (2) Timeout to exit dialog (?)

Graphic artifact creation:

―V2-3 (2) Templates for selected files

Event descriptions and triggering:

―V3 (2) Syntax for event specification (with automatic translation if practical)

Prepare for Open Source availability

―V3 (2) Documentation of content design process 

Features – Enhance Productivity
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Non-Player Character (NPC) Engine

• Each NPC is an object with independent state and behavior

• NPC behavior is largely composed of Player/NPC dialogue, plus 
reaction to game state

―Represents dialogue as finite-state machine (game developers call “hub-
and-spoke”)

―Reacts to game state by “registering interest” in state variables through 
publish & subscribe

• NPC Engine is a generalized graph-walker, holds state machines 
as dynamic data structures
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Hub-and-Spoke Dialogue

• Hub is a conversation state
―Point within a larger dialogue 

context

―Associated with chunk of dialogue 
spoken by NPC

• Spokes are conversational 
alternatives
―Options that move the dialogue 

into a new state

―Selected by Player during 
conversation

―Associated with chunk of dialogue 
spoken by Player

• Conversation is a path through 
hubs along spokes
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How a Conversation Unfolds

• As each dialogue hub is 
entered…

―NPC “speaks” an element of 
dialogue

―Engine presents dialogue 
alternatives to Player

―Player chooses among 
alternatives, “speaks” 
associated dialogue

―Engine enters new dialogue hub, 
and cycle repeats
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Emails are Conversations, Too!

• Dialogue model extensible to other communication modes, such 
as email

• Open “dialogue channel” to NPC through email

―NPC Engine enumerates dialogue alternatives for current state of target 
NPC

―Instead of “speaking” dialogue, Player assembles alternatives into outgoing 
email

―NPC responds by assembling reply from path through dialogue graph, 
dictated by alternatives Player has chosen
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NPC Dialogue Content Creation

• Dialogue content and NPC behavior separated from software 
implementing NPC Engine

• NPC dialogue created as simple text file

―File organized into dialogue hub sections

―Each hub holds set of next alternatives (spokes), that also specify next hub 
for dialogue

• NPC Engine reads text file at game initialization, encodes as data 
structures

• Approach enables tailoring dialogue without changes to 
underlying software
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Dialog Tool Requirements

Allows a writer to create, test and manage non-linear dialog:

• User-friendly GUI

• Easy to construct visualized branching graphs

• Easy to define control conditions

• Conversation simulation to test results

• Custom exporters including XML (for EA Dialog Engine)

• Free or low-cost
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Dialog

11/3/2011 105
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Dialog Engine Input XML

11/3/2011 106



NDIA Annual Systems Engineering Conference, October 24, 2011 107

107

Content Creator Input
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Chat Mapper Demo
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GUI Tool – Chat Mapper
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Event XML Source Code

11/3/2011 110
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Event Specification
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11/3/2011

GUI Tool – Phase and Event Creator

A. Pre-
Review

B. Post-
Review

C. Work 
Completion

Major 

Phase

Phases

Cycle 1 Cycle 2 Cycle j

SubPhase Cycles

Learning 
Cycle 1

Learning 
Cycle 2

Learning 
Cycle i

Begin

Learning Cycles

SubPhases
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Artifact Entry

• Today:

―Designer saves file in DropBox

―Designer tells technical staff to load it into the design

―File is moved to the correct location or handcoded

―System is recompiled or linked

―Designer is notified of the change

―Designer tests changes

• Future:

―Designer opens artifact entry client

―Designer saves file into system sandbox

―Designer tests changes
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Questions?
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By
Doug Bodner & the RT16 Team

NDIA Systems Engineering Conference Tutorial
October 24, 2011

San Diego, CA, USA

www.sercuarc.org

RT16 Experience Accelerator: 

System Dynamics Simulation

http://www.sercuarc.org/
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Simulator Function

• Advance program state after 
Learner decisions

―Decisions from “a day in the life 
of a systems engineer”

• Simulate program progress 
based on Learner decisions 
and existing program 
characteristics

―Typically a 3-6 month time 
advance

• Provide results back to 
Learner via status charts 
(artifacts)

Experience

Master

Simulator

Engine

Invoke simulator with

Learner decision parameters

Return

artifacts
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Simulation Technology

• Select open source simulation 
technology

―System dynamics paradigm

• Modify as needed

―Address limitations

―Provide extensions relevant to 
systems engineering

• Develop model content

―Align with experience content

* From Software Process Dynamics, Ray Madachy

• Continuous state and flow 

models

• Non-linear effects and feedback 

loops

• Used to model project 

management applications
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System Dynamics Modeling

• Stocks and flows

―Stocks accumulate numerical 
values representing a variable of 
interest (e.g., weight or range)

―Flows govern how stock variables 
change over time

―Continuous

• Rates of change

―Flows are based on equations

―Lags, delays and feedback loops 
can be incorporated (non-linear 
effects)

• Auxiliary functions

―Modularity of equations



NDIA Annual Systems Engineering Conference, October 24, 2011 119

Open Source Trade-offs

Benefits

• Access to underlying source code

• Extensibility

• Open source user community

• Integration with other software 
(e.g., experience master, open 
source graphics)

• Free license

Drawbacks

• Limited functionality as compared 
to commercial products

• Lack of user interaction

• Lack of persistent data storage in 
between model runs

• Lack of randomization 

• Lack of multi-paradigm support 
(e.g., discrete-event and agent-
based)
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Technology Development Work

• Math modeling features

• Learner interaction (changing variables and parameters)

• Persistent storage between runs (text files currently, migration to 
database)

• Randomization

• Discrete effects
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Program Features Modeled

• System and sub-systems

• Labor and skill levels

―Experienced vs. inexperienced

• Productivity

• Training

• Attrition

• Communication overhead

• Brooks Law (adding staff may incur short-term productivity shortfall)

• Costs incurred

• Task/requirements creep
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Program Model Details (1/2)

• Phase 2 – Pre-Integration

―Air vehicle sub-system design

―Command and control sub-system design

―Ground station sub-system design

―System architecture design

―CDR Entrance criteria progress

―Software quality for Command & Control sub-system

• Phase 3 – Integration

―Sub-system integration

―Overall system integration

―Software quality for Command & Control sub-system

―FRR Entrance criteria progress
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Program Model Details (2/2)

• Phase 4 – Flight Testing

―PRR entrance criteria progress

―Test resources

―Flight tests

• Phase 5 – Limited Production and Deployment

―Cost per vehicle

―Cost per ground station

―Number of vehicles and ground stations deployed over time
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Entrance Criteria (1/2)

• Taken from Defense Acquisition University recommended set, 
tailored for air vehicles

• Most important review meetings and associated criteria selected, 
based on subject matter expert recommendations

• Pre Critical Design Review

―Detailed Test Requirements

―Engineering Drawings

―Software Design Description

―Structural Loads Released

―Sub-System Design and Verification

―V&V of System Integration Lab
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Entrance Criteria (2/2)

• Pre Flight Readiness Review

― Airframe/Engine Certified for Flight

― Airworthiness Certification Milestones

― Flight Critical Software Demonstrated and Verified

― Ground Vibration Testing

― Safety of Flight Certified

― Software Safety of Flight Testing

― Structural Static Testing

― Test Cards Completed

• Pre Production Readiness Review

― Airworthiness Certification Milestones

― Affordability Demonstrated

― Drawings

― Production Facilities

― Production Line Demonstrated

― Production Personnel Trained
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Learner Interaction – Controls

• Text file for Learner input 
parameters

• Add-Design-Jr-Staff (S1 Air)
• Add-Design-Sr-Staff (S1 Air)
• Add-Design-Jr-Staff (S1 Engine)
• Add-Design-Sr-Staff (S1 Engine)
• Add-Design-Jr-Staff (S2)
• Add-Design-Sr-Staff (S2)
• Add-Test-Jr-Staff (S2)
• Add-Test-Sr-Staff (S2)
• Add-Design-Jr-Staff (S3)
• Add-Design-Sr-Staff (S3)
• Review-Design (S2)
• Reduce-Capabilities-Designed (S0)

Experience

Master

Simulator

Engine

Invoke 

simulator 

with

parameters

Return

artifacts

Learner 

Recommendation 

Form
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KPP/TPM Chart for Range

• Causes for deficiencies in 
range vs. range target?

―Weight allocation

―Aerodynamic efficiency

―SPC

• Investigating

―Reports

―Questions to NPCs

• Resolution

―Staffing changes

―Weight re-allocation
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CDR Entrance Criterion Chart

• Causes for deficiencies in 
progress of Command & 
Control sub-system?

―Lack of staffing

―Lack of experienced staff

―Lack of design reviews

• Investigating

―Reports

―Questions to NPCs

• Resolution

―Increase staff

―Increase experienced staff

―Have more design reviews
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Software Quality Chart

• Causes for overage in errors?

―Lack of experienced staff

―Lack of design reviews

• Investigating

―Reports

―Questions to NPCs

• Resolution

―Increase staff

―Increase experienced staff

―Have more design reviews
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EVM Cost Chart

• Earned value management 
(EVM)

• EVM Gold Card

• Cost accruals vs. budgeted 
(scheduled and actual)

• Productivity and unit costs

• How to respond to cost 
overruns

• Under development

$

Time

Management Reserve

BCWS

BCWP

ACWP

Time

Now

Completion 

Date

EAC

TAB

BAC

Gold Card
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Validation

• Authenticity as compared to similar acquisition programs

• Not based on a single case study

• Based on the experiences of three subject matter experts

• Validation via interaction with subject matter experts and users 
of the Experience Accelerator
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Questions?
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By
Jon Wade  & the RT16 Team

NDIA Annual Systems Engineering Conference
October 24, 2011

Hyatt Regency Mission Bay
San Diego, CA

www.sercuarc.org

RT16 Experience Accelerator: 

Demo

http://www.sercuarc.org/
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Login Screen

11/3/2011 134



NDIA Annual Systems Engineering Conference, October 24, 2011 135

EA Control Screen

11/3/2011 135
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Profile Entry

11/3/2011 136
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UAV Backgrounder

11/3/2011 137
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Program Status

11/3/2011 138
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Dialog

11/3/2011 139
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PSE Recommendations

11/3/2011 140



NDIA Annual Systems Engineering Conference, October 24, 2011 141

Phase Transition

11/3/2011 141
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CDR Results

11/3/2011 142
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Approval for ISR

11/3/2011 143
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Program Completion

11/3/2011 144
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Reflection

11/3/2011 145
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Questions?
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By
the RT16 Team

NDIA Annual Systems Engineering Conference
October 24, 2011

Hyatt Regency Mission Bay
San Diego, CA

www.sercuarc.org

RT16 Experience Accelerator: 

Discussion & Survey

http://www.sercuarc.org/
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SEEA Prototype Development Questionnaire (1 of 2)
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SEEA Prototype Development Questionnaire (2 of 2)
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Questions?
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Join the Experience Accelerator Team!

Doug Bodner

doug.bodner@gatech.edu

Alice Squires

alice.squires@stevens.edu 

Jon Wade, PI 

jon.wade@stevens.edu

Contact for information:

This material is based upon work supported, in whole or in part, by the Defense Acquisition 
University through the Systems Engineering Research Center (SERC). SERC is a federally funded 

University Affiliated Research Center (UARC) managed by Stevens Institute of Technology in 
partnership with University of Southern California.


