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THE BASIC IDEA

Scenario-Based Design
is a family of techniques 
in which the use of a future system 
is concretely described at an early point 
in the development process. 

• Descriptions of people using technology

• Discussing and analyzing how technology is 
(or could be) used to reshape their activities

• Early stages of design process
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SCENARIO-BASED DESIGN

• Storytelling of current practice

• Reveal aspects of the stakeholders and their activities that have implications for design

• Common ground for the project team

• Describe activities in the problem domain

• In SBD, new activities are always grounded in current activities
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Two examples of SBD projects:
• RVT: virtual air traffic control center
• MOHICAN: onboard virtual assistant HSI



SCENARIOS ARE STORIES
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A STORY ABOUT REMOTE VIRTUAL TOWERS (RVT)

• Cost savings

• Tower construction

• Tower maintenance

• Pooling of resources

• Same center for several airfields with low 
traffic volume

• Possibilities regarding deployment

• Military external operations

• Isolated areas (islands)

• System performance

• Provide controllers tools that were not 
available in traditional towers

Story à Objectives

Alexandre Disdier’s Ph.D. program project
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FROM PHYSICAL TO VIRTUAL

• The targeted virtual center should: 

• Provide the same features as traditional tower

• Not just be a heavy camera-based restitution of the airfield (most prototypes today)

• Explore alternative interactions concepts (i.e., non-visual only)

• Reconsider roles of controllers, technicians, pilots, and non-human elements

àDesigning an ATC virtual center 
 as a complex sociotechnical system, following an HSI approach…

Alexandre Disdier’s Ph.D. program project
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AS-IS à TO BE

What exists What we want

Traditional air traffic control tower Remote air traffic control center

Alexandre Disdier’s Ph.D. program project

© Guy A. Boy – Scenario-based design: Looking for the right mix of procedural & declarative knowledge – 31 October 2024 – “New and Emerging Aviation Technologies” (NEAT) – FAA  8

          8



AS-IS FOR THE ATC

Alexandre Disdier’s Ph.D. program project
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WHAT IS PRODEC IN MORE DETAILS?

PROCEDURAL KNOWLEDGE

• Task & activity scenarios

• Contexts of contexts

• Operational experience

• Formalism: iBlocks

DECLARATIVE KNOWLEDGE

• Object & agent configurations

• Systems of systems

• Engineering design expertise

• Formalism: functions and structures
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CONTEXT ARCHITECTURE…
                                                … SYSTEM ARCHITECTURE

PROCEDURAL SCENARIOS

DECLARATIVE CONFIGURATIONS

OPERATIONS

ENGINEERING DESIGN
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SYSTEMS OF SYSTEMS   CONTEXTS OF CONTEXTS
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HUMAN MODELING?

• MIDAS (Man-machine Integration Design and Analysis 
System), MESSAGE…

• Personas are fictional characters, which you 
create based upon your research to represent the 
different user types that might use your service, 
product, site, or brand in a similar way

àhelp understand users' needs, experiences, 

     behaviors and goals

à Human-in-the-loop simulation (HITLS)
+ Rasmussen’s SRK model
+ Endsley’s situation awareness model
+ others…
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TASK VS. ACTIVITY

Prescribed Effective 

?

• Brainstorming
• Concrete ideas about new functionality

• New ways of thinking about users' needs 

• How to meet them 

• Claims analysis 
• Task analysis

• Identify tradeoffs as you move forward with prototypes

• Activity observation and analysis
• Human-in-the-loop simulation

• Observation protocol

• Analysis

• Experience feedback process
• Recommendations synthesis

• Prototype modification

SBD à PRODEC
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NOT PREDICTION 
à ANTICIPATION

AS-IS
TO-BE

The difficulty of associating
Experience and Creativity.
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TASK VS. ACTIVITY

HFE

HCI

HSI

1960s 1980s 2000s1990s1950s 1970s 2010s

Observe activity before design & when everything is built

(corrective ergonomics)

Analyze and take into account tasks at design time

(interaction design)

Observe and take into account activity at design time

(Tangible VHCD in SE)HFE: Human Factors and Ergonomics
HCI: Human Computer Interaction
VHCD: Virtual Human-Centered Design
HSI: Human Systems Integration
SE: Systems Engineering

2020s

© Guy A. Boy – Scenario-based design: Looking for the right mix of procedural & declarative knowledge – 31 October 2024 – “New and Emerging Aviation Technologies” (NEAT) – FAA  19

          19





A SYSTEM REPRESENTING A DECLARATIVE ENTITY



A SYSTEM REPRESENTING A DECLARATIVE ENTITYSystem of Systems

System

Systems



THE T.O.P. MODEL…
… IN HUMAN SYSTEMS 

INTEGRATION (HSI) 
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SCENARIO-BASED DESIGN  à PRODEC
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LIFE-CYCLED HUMAN SYSTEMS INTEGRATION
Technology-centered Human-centered
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HUMAN-CENTERED DESIGN OF A DIGITAL TWIN 
FOR HELICOPTER ENGINE MAINTENANCE
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DIGITAL TWINS

Expanding HITLS
• During the whole life cycle

• “what if?”

Vivid documentation à MBSE
• Integration of experience feedback

• Organizational memory

DTs as virtual assistants à HMT
• Multi-agent collaboration

• Mediators for collaborative work

MBSE: Model-Based Systems Engineering
HMT: Human Machine Teaming
 (where the machine is increasingly autonomous)
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Tangibilization
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FlexibleRigid

FROM RIGID AUTOMATION TO FLEXIBLE AUTONOMY
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COMPLICATED
Make it simpler,
more rational 

& useful

COMPLEX
Make it familiar,
understandable 

& usable

Involves Maturity
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READINESS LEVELS
ORL-0 First principles where potential organizational models are 

explored.
ORL-1 Goal-oriented research that requires making choices from first 

principles to practical fully digital organizational setups

ORL-2 Proof of principle development, and active R&D is started in a 
virtual environment

ORL-3 Virtual agile organizational prototype development and first HITLS 
(virtual HCD)

ORL-4 Proof of organizational concept development using concrete 
scenario-based design from fully virtual to more tangible 
environments

ORL-5 Assessing organization capability in terms of authority sharing 
(responsibility, accountability and control), trust, collaboration and 
coordination, for example

ORL-6 Real-world use-case tests in a wider variety of situations - 
tangibilization continues

ORL-7 Practical integration with respect to criteria such as safety, 
efficiency and comfort, at various levels of granularity of the 
organization – tangibilization continues

ORL-8 Readiness for effective implementation on a real site (fully 
tangible) based on personnel feedback for deployment approval

ORL-9 Deployment involving both personnel and real machines

Technology (TRL)

Organization (ORL)
Human (HRL)
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FLEXIBILITY? COMPLICATED
Make it simpler,
more rational 

& useful

COMPLEX
Make it familiar,
understandable 

& usable

RIGID FLEXIBLE

FOR OPERATIONS & ENGINEERING DESIGN

à Need for a systemic representation that covers both humans and machines
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MAKING SYSTEM COMPLEXITY EXPLICIT…
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MAKING SYSTEM COMPLEXITY EXPLICIT…

Interconnected System of Systems

Isolated
System

Input Output

SystemHuman
can be

can include

can be

can include
Machine

Structure

has

Function

has

Cognitive
can be

Physical
can be

Physical
can be

Cognitive
can be

Systems include Humans and Machines…
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Interconnected Structures of StructuresInterconnected Functions of Functions

Overlapping Functions of Functions

Emergent Functions

Emergent Structures

Shared situation awareness
Speed & precision
Resilience
Trust & Collaboration

MAKING SYSTEM COMPLEXITY EXPLICIT…
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Shared situation awareness
Speed & precision
Resilience

Interconnected Structures of Structures

Overlapping Functions of Functions
Emergent Functions
Emergent Structures

Shared situation awareness
Speed & precision
Resilience
Trust & Collaboration

MAKING SYSTEM COMPLEXITY EXPLICIT…
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• Clarify what is the system of systems

• Analyze separability

• Identify structures and functions

• Make sense of function allocation

MAKING SYSTEM COMPLEXITY EXPLICIT…
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SYSTEMIC INTERACTION MODELS… 
                      … AND AUTHORITY SHARING

Cooperation

Mediation
Supervision

Knowledge

Autonomy
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UNDERSTANDING SYSTEM EMERGENCE

• Emergent properties come from activity
Human activity observed once the system is fully integrated

• Problem: integration done at the end of development 

So activity cannot be observed at design time

Hence emergent properties cannot be detected early!

• New solution: human-in-the-loop simulation
Enables virtual human-centered design (HCD)

Support observation of human activity during early design stages 

(Boy, 2022)

Structures

Emergent structures

Functions

Emergent functions

Alexandre Disdier’s Ph.D. program project
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PRODEC in MOHICAN
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ILLUSTRATION 
OF MOHICAN 
EXPERIMENTAL
SET-UP

© Guy A. Boy – Scenario-based design: Looking for the right mix of procedural & declarative knowledge – 31 October 2024 – “New and Emerging Aviation Technologies” (NEAT) – FAA  41

          41



OUTILS DE CAPTURE ET D’ANALYSE 2/2

42
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TASK & ACTIVITY ANALYSIS: BPMN

SIMU1 P1-Jester +

SIMU2 P1 - Jester BASIC

SIMU3 P1 - Jester BASIC

SIMU4 P1–Jester ADVANCED

Fonction émergente

Fonctions émergentes

Fonctions émergentes

Fonction émergente

Fonction émergente
Fonction émergente

Fonction émergente
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SCENARIO-BASED DESIGN PROCEDURE
Task Analysis: AS-IS & TO-BE

Prototype Development
Preparation of a Simulation Facility

Tangibilization

Procedural & Declarative
Knowledge on Systems

being developed

Structure-Function Analysis
Potential Redesign

Human-in-the-Loop
Simulations

Activity Observation and Analysis
Emergent Properties Detection

High-level Metrics
Contextualized Criteria

HF basic Measures

PRODEC

Agile 
Development 

& HCD

Human
Factors

Ergonomics

Systemic ontology development enables optimal definition of HSI metrics (e.g., trust, collaboration & operational performance)

Formative 
Evaluations
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THANK YOU

I AM OPEN TO QUESTIONS…
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