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GOAL OF THE TALK 

 

 To discuss where TUI are coming from 

 

 To provide supports to describe, distinguish different 

forms of TUI 

 

 To show how structured descriptions can contribute to 

TUI development 
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BRIDGING NORMAN’S GAPS (1/3) 
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System Human 

Gulf of Evaluation 

Gulf of execution 

 Use of System capabilities (1, 2) 

 WIMP, Direct manipulation, GUI, Metaphor  
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BRIDGING NORMAN’S GAPS (2/3) 

 Increase amount and type of possible manipulations (3, 4) 

  Multimodality + Collaborative 
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BRIDGING NORMAN’S GAPS (3/3) 

 More intensive Use of Human abilities (5,6) 

 Context now integrates physical surroundings and aptitudes  

 

  

 

 

 

 

 That’s the Mixed Interactive Systems (MIS) 
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FROM MOUSE TO MICE MIS 
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MIXED INTERACTIVE SYSTEM: A DEFINITION 

 

 Class of advanced interactive systems 

 Merging physical and digital worlds 

 In order to take advantage of 

 Computer system capabilities 

 Physical resources and user’s abilities, skills. 

 

 Generic terms used to designates  

 Context sensitive / augmented video 

 AR, AV, MR, pervasive, … 

 and Tangible User Interfaces 
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TWO SUB-CLASSES OF MIS 
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APPLICATION DOMAINS AND EXAMPLES 

 Surgery, Maintenance, Architecture 

 Education 

 Storyboard support 

 Games 

 Services 

 US-Postal Service 

 Fashionista 

 Advertisment 

 Public applications  

 (tourist info, museum, shopping center) 
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SUMMARY AND REQUIREMENTS 

 MIS advantages 

 Physicality becomes part of the loop 

 Extension of user’s body 

 Physical objects are used to communicate  

 No need for a « disturbing » technological  

artefact for interacting 

 MIS involves everyday life parts of the real world 

 Intrisincally weaved into physical world 

 

 MIS are more and more widely used 

 

 Need for assisting the development of MIS 

  to facilitate their design and implementation 
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 At every step of an iterative design process 

 Analysing 

 Multiple stakeholder, unusual interaction techniques 

 

 Designing 

 Adapting existing HCI design resources 

 Addressing specific considerations 

 Physical environment, not only the user ! 
 

 Prototyping / Implementation 

 Technology: New devices every day, new features 

 Software: Multiple languages, middleware, communication protocol 
 

 Evaluating 

 Which properties ? Which criteria ? Which measures ? 

 

 

CHALLENGES 
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EXISTING DESIGN SUPPORT: HCI TOOLS 

 Task analysis 

 Very little attention paid to the identification and description of 

potentially involved physical entities.  
 

 UML and numerous extensions (UMLi, UIML)   

 Not really appropriate for HCI modelling 

 Physical world only depicted through actors 
 

 Prototyping / Participatory Design :  

 No support for reusing the designed solution 

 

 

 Ensure a user oriented approach, 

  but need adaptation or new resources 
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EXISTING DESIGN SUPPORT: PRACTICAL APPROACHES 

 Aims at supporting the implementation of the interaction 
techniques  

 

 Platforms to handle aspects specific to MIS runtime 

 DART, - McIntyre’04 

 Amire – Grimm’02     

 Studierstube – Schmalstieg’02 
 

 API to easily implement « emerging » devices 

 Phidget - Arduino 

 ArToolkit, Kinnect 

 Leap motion 
 

 

 Proofs of technological feasibility  
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EXISTING DESIGN SUPPORT: ABSTRACT APPROACHES 

 Describing physical properties 
 Knowledge related to real / physical consideration (RBI framework, [Jacob’08]) 

 Place and role of human body    ([Klemmer’06])  

 Relation among physical objects involved   (TAC paradigm, [Shaer’04])  
 

 Describing interaction elements 
 Metaphors      ([Fishkin’04])  

 Involved artefacts, relationships and attributes  ([Trevisan’08, Chalon’04, 
                   Dubois’03]) 

 Describing mechanisms underlying the mixed interaction 
 Input / Output devices     (APRIL, [Ledermann’05]) 

 Required interaction modalities   (MIM, [Coutix’06]) 

 Data flow in haptic interactions    (Flow Nets, [Smith’06])  
 

 Describing links among design models 
 Linking human abilities / devices / task models  

to appropriately combine them    ([Klug’07])  

 Linking story-boards with real situations  

  to improve the transfer from design to implementation  (DART, [MacIntyre’04]) 
 

 

 Provide a structured overview of the domain 
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SYNTHESIS 

 Many design supports exist 

 Different goals: overview, HCI, system 

 Different considerations 

    … almost always separately used ! 

 

 And yet ... 

 ... potential benefits of a modelling approach  

 No longer relying only on  the emergence of new technologies 

 Offering a sort of reference language 

 Identifying key criteria for comparing, generating, evaluating MIS  

 Structuring the use of the existing approaches by pinpointing the 

area of relevance for each of them 

 Providing a development support (design, implement, evaluate) 

 Contribute to the maturity of the domain 

 Better combine complementary design ressources 
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FACING TWO QUESTIONS !  

 Which properties are worth considering ?  

 Review of design questions and illustration 

 The ASUR model 

 

 How to integrate a model in a design process ? 

 Illustration of links among models 
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DESIGN QUESTIONS IN MIS (1) 

 Which physical aspects can be integrated / used / 

impacted 

 In input :  

 get a position / presence,  orientation / motion, get an ID / recognise 

something, detect a sound/a form, etc..  

 

 

 

 In output :   

 add information in a context, move or  

restrain object, trigger an action  

 

 

E. Dubois - French German Tangible Interaction Studio - August 2013 
17 



DESIGN QUESTIONS IN MIS (2) 

 How can the physical world be sensed / affected 

 Input:  

 magnetic field (presence, intensity, thresholds), visual fields (images, 

motions, colours), sound (words, music, noise) 

 

 

 

 Output:  

 visual (text, image, pictures, graphics), 

 sound (speech, sound, noise), gesture 
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DESIGN QUESTIONS IN MIS (3) 

 Degree of consistency between Input and Output 

interaction space: interaction space settings 

 Same or different input and output interaction space 

 High / Low focus required to the input space 

 

Input Space = Output 

Space 

Input Space ≠ Output 

Space 

Low reference to Input 

Space 

High Reference to Input 

Space 
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DESIGN QUESTIONS IN MIS (4) 

 Consistency between physical and digital worlds = forms 

of links  

 Input representation similar/different from output 

representation  

 Input behaviour similar/different from output behaviour 
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DESIGN QUESTIONS VS. DESIGN SUPPORTS 

Physical / Digital 

worlds  

consistency 

Input / Output 

interaction spaces 

consistency 

Communication 

form  

in input  

Communication 

form  

in output 

 
Role of the 

physical space 

in input 

Role of the 

physical space  

in output 

Output 

Technologies 

Input 

Technologies 

Impacts on 

interaction 

Impacts on 

implementation 

Usages  

of MIS 

Technologies 

For MIS 

Overview of 

MIS structure  

Practical 

approaches 
Underlying software 

mechanisms 

Physical properties User’s interaction 
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THE ASUR APPROACH 

 Describing the user’s interaction with a MIS  

when performing a given task 

 Requirement : identify the object of the task, the real focus 

 Physical or digital 

 

 Characterizing the elements involved  

 Role and nature of physical artifacts 

 Physical – Digital links 

 Technological attributes 

 

 Supporting links with existing design resources 

 Task analysis, implementation, ergonomic criteria 
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ASUR MODEL: COMPONENTS 
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User 

(U) 

Digital 

entities  

(S) 

Adapters  
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(A) 

Physical 

entities 

(R) 
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ASUR MODEL: INFORMATION FLOWS 

24 
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information : which data is 

transmitted? 

 

representation : image 

satellite, coordinates, 

manipulation, … 

 

Language form: numerical, 

position, textual, … 

 

medium : light, force, 

pressure, digital, … 

 

dimension : 1D, 2D, 3D, … 

 Communication forms 



ASUR MODEL: GROUPING MECHANISMS 
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Mixed proximity: a digital entity is the tight 

representation of a given physical entity 

 

exemple : the physical cube represents the volume 

of data 

Physical proximity: 2 physical entities are 

physically constrained 

 

Example : the camera is fixed on the table 

Trigger : under a specific physical condition, 

a specific information flow is triggered 

 

exemple : narrowing the book from the 

screen opens the translator 

 Consistencies 



ASUR IN BRIEF… 
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… AND IN DETAIL ! 
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EXAMPLE : MUSEOGRAPHIC APPLICATION 

28 
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EXAMPLE : MUSEOGRAPHIC APPLICATION 
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ASUR MODEL: AN INTERACTIVE TOOL 

 http://irit.fr/recherches/ELIPSE/guideme/ 
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ASUR MODEL: CONCLUSION 

 Benefits 

 Structured view of the entities and their mutual relations 

 Emphasize the different design questions of MIS 

 Flexibility of use: iterative refinment of the model along the 

design (entities, flow, attributes)  

 

 Limits 

 Not explicitely multi-users 

 Task identification: subject to designer 

 Static view on the entities involved: a snapshot of the MIS 

 Limited to the user’s interaction level 

  

    What about the software considerations ? 
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SOFTWARE DESIGN LEVEL: AN ADDITIONAL MODEL 

 The ASUR-IL model [Gauffre 08, Gauffre 10] 

 Design the software architecture of a MIS that conforms to the 
ASUR model of the user’s interaction with the MIS 

 

 Approach 
 Reuses component-based concepts  

(component, port, data flow)  
  portability 

 

 Promotes the distinction  
between  
functional core (M)  
and 
interaction (C+V)  
  reusability 

 

 Ensures a clear separation between  input / output 
  physical/digital link 
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INTEGRATING A MODELLING APPROACH  

IN AN ITERATIVE DESIGN PROCESS 

35 
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DesignAnalysis

Evaluation Implementation

 

ASUR-IL model: 
software architecture

ASUR model: 
user’s interaction 

description



INTEGRATING A MODELLING APPROACH  

IN AN ITERATIVE DESIGN PROCESS 
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DesignAnalysis

Evaluation Implementation

 

ASUR-IL model: 
software architecture

ASUR model: 
user’s interaction 

description

Museographic application

 

KMAD model

Ergonomic 
recommendations 

for MIS

MACS : 
generating ideas

Wcomp : 
prototyping platform



LINKING ANALYSIS TO INTERACTION DESIGN (1/2) 

 Goal 

 Mapping identified requirements with interaction design 

elements 

 

 Mechanism: coupling KMAD – ASUR 

 Translate KMAD elements into ASUR elements 

 Based on rules + algorithm 

Tâche K-MAD Diagramme partiel ASUR

Exécutant

Objets
Entités 

R/S

Utilisateur

Adaptateurs

Canaux 

d’interaction

R4

R5/R7

R5/R6/R7

R5/R6/R7

R3

R3
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LINKING ANALYSIS TO INTERACTION DESIGN (2/2) 

 Goal 

 Inserting the use of a model in Brainstorming session to 

stimulate idea generation (ideation) 

 Mechanism 

 Coupling a creativity session – ASUR 

 Stimulate the creativity through manipulation of a model 

 Based on steps, guidelines of use 

 

 Interests  

 Suggest dimensions to modify,  

 Provide a reference language and representation 

 Facilitate the use of  the generated solutions in the rest of the 

development process 

 Encoded in a formal language 
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LINKING INTERACTION DESIGN  

TO SOFTWARE ARCHITECTURE DESIGN 

 Goals 

 Generate  

part of a structured set of 

required software elements,  

from  

the abstract specification of  

the user’s interaction 

 Tightly coupling   

software design  

decisions 

into interaction  

design results 

 Mechanisms 

 Model transformations 

(ATL) 

 Ontology ASUR / 

ASUR-IL 

ASUR-ILASUR Software Components Platform

ASUR
Model

Digital 
Entities

Adapters

Simple 
transformation

ASUR-IL partial 
models 

Repository

Adapter
Sub-assembliesTransformation

Entity 
Sub-assemblies

Transformation

Ø
ASUR-IL
Model

Ontology

WComp 
repository

OI 
repository

Channels

ASUR-IL APIs

ASUR-IL Potential
Device

Ontology components

U

Partial 
Model

WComp 
Model

Transformation

WComp 
AssemblyTechnical space switching 

Components to 
be generated

Components creation

Partial 
Model

OI Model 
(PDCL)Transformation

Technical space switching Pipeline OI

Components to 
be generated

CIDL Model

Components creation
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LINKING SOFTWARE ARCHITECTURE DESIGN  

TO SOFTWARE IMPLEMENTATION 

 Goals 

 Partial code-generation 
of a running prototype,  
based on  
software architecture 
description 

 Mechanisms 

 Model transformations (ATL) 

 Code generation 
 Software assembly 

 Component interfaces 

 Ontology  
ASUR-IL / WCOMP or OI 

 

ASUR-ILASUR Software Components Platform

ASUR
Model

Digital 
Entities

Adapters

Simple 
transformation

ASUR-IL partial 
models 

Repository

Adapter
Sub-assembliesTransformation

Entity 
Sub-assemblies

Transformation

Ø
ASUR-IL
Model

Ontology

WComp 
repository

OI 
repository

Channels

ASUR-IL APIs

ASUR-IL Potential
Device

Ontology components

U

Partial 
Model

WComp 
Model

Transformation

WComp 
AssemblyTechnical space switching 

Components to 
be generated

Components creation

Partial 
Model

OI Model 
(PDCL)Transformation

Technical space switching Pipeline OI

Components to 
be generated

CIDL Model

Components creation
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WHAT ABOUT EVALUATION? 

 Goal 

 Structuring evaluation results 

 Guiding the design with ergonomic recommendations 

 Linking evaluation results with parts of the modeled design  

 At any appropriate level 

 Approaches 

 Formating usability recommendations 

 Context: ex. Domain 

 System characteristics : ex. mobile 

 Situation: ex. Task 

 Interaction mode : ex. Device 

 Data measurement type : ex. Preferences 

 Manual linking with model elements or attributes 

 Web site : http://www.irit.fr/recherches/ELIPSE/RESIM/) 

 
41 

E. Dubois - French German Tangible Interaction Studio - August 2013 

http://www.irit.fr/recherches/ELIPSE/RESIM/


CONCLUSION 

 MIS = promising form of interaction 

 Public settings 

 Combined with smartphone and its multiple sensors 

 

 Many models useful for their design 

 To describe in a structured way, at different levels 

 To compare proposed solutions 

 To suggest attributes of interest 

 

 Linking mechanisms required  

 To combine and take advantage of the different considerations 

 To create an appropriate chain of models at design time 
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OPENED QUESTIONS 

 Need for MIS models specific to  

 Application domains?  

 Aspects of the mixed interaction  ? 

 Software / interaction 

 Physical gestures ? 

 Objects properties? 

 

 Evaluation and validation of model based approach 

 Link with existing design models 

 3 benefits of a model: describe, compare, generate 

 “Readability” / Understandability of a model  

 Impact on the « quality » of resulting prototypes 

 Quality = usability ? Originality ?  
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RESSOURCES 

 MIS repository 

 Models, code, user test results, picture and video of some of 

our MIS applications 

 http://www.irit.fr/recherches/ELIPSE/guideme/repository/ 

 GuideMe  

 Tool set for ASUR and ASUR transformations 

 http://irit.fr/recherches/ELIPSE/guideme/ 

 RESIM 

 Ergonomic Recommendations structured according to ASUR 

elements 

 http://irit.fr/recherches/ELIPSE/resim/RESIMcible.php 
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