Evaluation methods for
collaborative multi-touch
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Elements of context

* Where do | come from?







Research Lab oS,

* 350 researchers (full time professors, on contract
researchers and PhD students)
* 9 departments of research
* 4 Affiliations to national research laboratories
* Foton (CNRS) for optical communications
- Latlm (INSERM) for medlcal mformatlon processmg




Research lab &

ATOL (Aeronautics technico-operational lab)
THALES, Telecom Bretagne, French Navy School
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Why a tutorial?

* Achievement of several research projects
contrlbutlng to the eI|C|tat|on of a generlc method
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Tutorial

1. Main goals of evaluation

ira

2. Main elements of methodology







Maritime patrol example
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Maritime patrol example




aritime patrol example




Maritime patrol example

* [nteractive tabletop / multi-users
* No explicit constraints on workflows
 One expert role by user




Maritime patrol example

* [nteractive tabletop / multi-users
* No explicit constraints on workflows
 One expert role by user




Where is the problem (if
any)?




Would this one be more appropriate
for the cooperative task ?




How to deal with a new

s

cooperation process or to




Designing cooperative
applicationson TT

Existing | Transposition | =

SE q ) ; Usabilit
| Application | ontabletop | /




Designing cooperative
applicationson TT

Existing Transposition
Application on tabletop
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Designing cooperative
applicationson TT

Existing Transposition
Application on tabletop




Designing cooperative
applicationson TT




Designing cooperative
applicationson T'T

Coop. Application
design on tabletop

Existing b g | Analysis of
application collaboration

Transposing
on
surface

Existing
application




Ergonomics for
cooperation

® How to caracterize cooperation!

® How to describe cooperative / team
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Cooperation

® Cooperation is a task by itself (Klein 2003,
Hoc 2001)
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Tabletops and
cooperation




How to represent
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cooperative behaviors




Space

® Surface, space and topology

Montferrat 2009

Personal Storage

S.Scott 2004






Multiple spaces of
representation

® Surface, space and topology




Acts of cooperation




Acts of cooperation

| check you have the same
representation of external
situation as | have




of cooperation

| check you share a
common representation of our
team goals




Acts of cooperation

| check you share a
common representation of our
team plans



| check
you share a common
representation of our
respective roles in the
team (or task)

of cooperation




Acts of cooperation

| elaborate and
propose a common
representation of the
external situation




Intentions and
commuhnication

Give suggestions, ideas while respecting others’ ones

Give opinions, evaluates, express wishes and feelings

Give orientations, information, clarify, elicit, confirm




Intentions and
communication

® Information

Order




Task model
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Piste 26

Piste 51

FLIR :

create

drag

identif

switch

kill

Tasks

Interaction

— Logs model

switch —>| drag | —2| identif — 2

kill




Space and topology
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Gestures as non verbal
commuhnication

® Co-verbal (deictic)

® Quasi-linguistic




Back to our first
example ...

Tasks
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Back to our first
example ...

® Extraction of patterns of cooperation

® Proposal of recommendations
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Observation methods

® (Observe to understand ...




Observation tools

The Observer XT is the professional and user-friendly event
logging software for the collection, analysis, and presentation
of observational data.




The Observer

Setup

Observation

Analyze




The Observer XT
First step: setup |/4

%919




The Observer XT
First step: setup 2/4

Coding scheme

Observations
TutorialITS

Subject

Behaviour

Modifier

B
Modiers

ndent Variable.

ground.

| w0

Behavior Name.
rmon ground elaboration
ommon ground mainten
Meirt-Ex
rt-t-Goal.
Meictrt.Pian
Melnt it R4

(Mutualy

(Mutualy e

Type

Stete Evert

o Evert
State Event
Stete Evert

| Modies

 Suggesti
* Eo
o Aok
o atention

o Post
o Cremcal

on

cgement

nthe map
risk

@ Ressource specilty

' Maintenan

plure

élaboration

(Mutualy exchsi

Mutualy exchsi

Norrinal, Must be




The Observer XT
First step: setup 3/4

Subject

Subjects

Subject Name

4 Risk operator

4 Ressources operator

Behaviours

Behavio

{h Add Behavior group... | [ Add Behavior

Behavior Name | ab | a3 | Type | Modifiers

= ;'E Common ground elaboration  [Mutually exclusive)
Elah-Ext 5
Elab-Int-Goal 6
Elah-Int-Plan 9
Elab-Int-RA 1

State Event who 7, Type of comunication, Nat...

5
6 State Evert vwho ?, Type of comunication, Nat...
9 State Event wWho 7, Type of comunication, Nat...
1 State Event vho 7, Type of comunication, Nat...
= {ﬁ Common ground maintenance  [Mutually exclusive)

Maint-Ext 7 7 State Event vho 7, Type of comunication, Nat...

Maint-Int-Goal g State Evert wWho ?, Type of comunication, Nat...

8
Maint-Int-Plan 2 2 State Event vwho 7, Type of comunication, Nat...
Maint-Int-RA 3

State Event vho 7, Type of comunication, Nat...




The Observer XT
First step: setup 4/4

Modifier

rModifiers

=
-

Add Modifier group

k=1 Add Modifier

Modifier Name

% Mature of comunication

’
..Z......

who ?

Type of comu

Communication obje

Gestures

Themes

aintenance/&élaboration

(Mutually usive. Nominal. Must be scored)
Risk operator

Ressources operator

ation (Mutually exclusive. Nominal. Must be scored)
Request

Provision

[Mutually exclusive. Nominal. Must be scored)
Information

Order

Suggestion

Explication
Acknowledgement
Attention

(Mutually exclusive. Nominal. Must be scored)
Position on the map
Chemical risk
Petrochemical risk
Muclear risk

Screnn capture
Mumber of human
Avalaible resources
[(Mutually exclusive. Nominal. Must be scored)
Mo gesture

Collaborative deictic gesture

Regulator gesture
(Mutually lusive. Nominal. Must be scored)

Localisation

Distance

Factory speciality

Ressource speciality

Screen capture

Scenario

[(Mutually exclusive. Nominal. Must be scored]
Begining

end






Methodology

Our method of evaluation of cooperation relies on the
identification and measurement of activity along 4 main
dimensions involved in cooperative work around tabletops.
From these measures, we can get a representation of
cooperation and determine whether it is efficient and
satisfying. If not, recommendation on system and
organization are proposed.




Presentation of the
Collagis use case

Collagis' project is a research project aiming at
developing a generic software framework
supporting an interactive device for
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Collagis configuration

The application is a serious game simulating a context and
process of decision making. Two operators cooperate in a
collocated dual screen system to decide about the location of a
new healthcare center, depending on the existing ones and

sources of risk (polluting / Seveso factories and sites) present
on the area.




Collagis configuraion

4 cameras (I camera/operator, |
global, | backup)

Acquisition of operators on the
screen (logs)




Collagis functions

Retrieving information
on sites (factories /
hospitals)




Collagis functions

Risk propagation area / intervention




Collagis functions

Locating the new center of
healthcare




Shared mental
representation

Representation of external situation (situation, context,
environment)

Representation of teams goals

Representation of teams plans

Representation of role allocation




Shared mental
representation

Maintenance or elaboration

Maintenance of common ground is defined as a
unique communication followed by an

acknowledge. Transmitted information is in
affordance with receiver’s mental model and
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® The Observer XT 8.0 - COLLGISS TUTO_EV - [Elaboration - Event log0001]

File Edit View Setup Observe Analyze Help

J
Project Explorer
= [ COLLGISS TUTO_EY
= 38t Setup
dgr Observation Sources
ﬂ‘A Coding Scheme
%9 Independent Variables
= ] Observations
/ apport dAR
~ Apport d'ordre
© AR request
Elaboration
ig: Observation Sources
L EventFiles
= L@ MediaFiles
Q Elaboration
l Extemal Data
7 Proactif
~ Tutorial ITS
Analysis
& Data Profiles
& Data Profile
[ Episode Selections
L1 Behavior Analysis
Lgsl Numerical Analysis
L& Lag Sequential Analysis
g Reliability Analysis

X]

(@]

Mot
Recording

[Olam| ‘«--.‘..."...’...»‘;\‘| » ‘

@ O TR o

Event Time

Subject Behavior

Behavior Modifier

Comment

View Settings

Codes

Event Log

Video Files

Extemal Data
Observation Timers
Playback Control
SyncBox

File Synchronization
Plug-in files

Independent Variable...

Ready
p————
iy demarrer

Start |10/20/2011 12:23:24
10/20/2011 12:23:24

10/20/2011 12:23:45
10/20/2011 12:23:46

Error! You tried ko stop a non-active Behavior

Risk operator P Elab-Irt-Plan

Ressources operator [ Elab-Int-Plan

Risk operator
Contribution
Suggestion
No gesture
Scenario

| propose one thing, to focused on one
region,one town, | send you screen capture
of the risk around frejus for exemple, and you
can send me the same thing for hospitals

Sounds very good

Subiects Behaviors |Moiiers |

Status Start key
» Commong...

A ElabEst

A Elabint-Goal

j ElabInt-Plan  Risk oper...

A ElabntRa

» Commong...

A MaintExt

A MaintntG...
o MaintInt-P...
. Maintint-Ra

<

Stop ker

Status: Review Mode

& add Behavior group...

Add Behavior...

& Scoring Options...

P The Observer XT 8... r& Microsoft PowerPoi... rq Google Docs - Hom... r& SMINLS11: Mext ...

[ appor daR.bmp - ...

[ C:\Documents and. ..

£.

C:\Documents and ... rﬁ C:iDocuments and ...

Select Observations

FR i}\asg' 13:31




Loops and common
ground

When coding dialog between
operators, we acquire start time
and end time of information
exchanges. This corresponds to a
- maintenance or elaboration loof

Otherwise we consider the loop is

closed and this
(Chauvin & al.2010)

IS a success




Loops duration

We measure the duration of closed maintenance loops or
elaboration (success loops). In this case, we consider that
the shorter the loops will be the more efficient they will
be for common ground setting. Operators reach the
target with a minimal effort and a minimal duration (ISO

9241-11)

Risk operator

Contribution
Risk operator » Elah-Int-Plan Suggestion

No gesture

Scenario

Ressources operator | W Elab-Int-Plan




Common ground
maintenance

Giving acknowledges indicates
maintenance of the common ground. It
avoids all misunderstanding during
information exchanges between
operators. On the contrary, asking for




P The Observer XT B.0 - COLLGISS TUTO_EV - [apport d’AR - Event log0001]

File Edit View Setup Observe Analyze Help

J & 4
Project Explorer
= [ COLLGISS TUTO_EY
= 38t Setup
dgr Observation Sources
ﬂ‘m Coding Scheme
%9 Independent Variables
= L] Observations
= | . apport d'AR
dgr Observation Sources
Lz EventFiles
) Media Files
Q Apport DAR
l7 Extenal Data
» &pport d'ordre
AR request
~ Elaboration
~ Proactif
 Tutorial ITS
= 37 Analysis
= & Data Profiles
& Data Profile
CH Episode Selections
L& Behavior Analysis
Lgsl Numerical Analysis
L7 Lag Sequential Analysis
g Reliability Analysis

X]

Subjects | Behaviors Modiiers

Status Ste
» Who?
® Risk opera...
® Ressource...
» Type of co...
® Request
® Contribution
» Nature of ...
Information
Order
Suggestion
Explication
Acknowle...
Attention
» Subject of...
Position on...
Chemical ri..
Petrochen...
Nuclear risk
Screnn ca...
Number of ...
Avalaibler...

Strategie
» G

Recording

(Lam ‘«‘

L S IR 1LY

® Nogesture

® Collaborati...

® Regulator ...
» Themes

= s 3

Event Time

Subject Behavior

Behavior Modifier

Comment

1042012011 12:53:29
10/20/2011 12:53:29

View Settings

Codes

Event Log

Video Files

Extemal Data
Observation Timers
Playback Control
SyncBox

File Synchronization
Plug-in files

Independent Variable...

Ready
—_—
demarrer

€ o«

1002072011 12:53:31

- not defined yet -

Ressources operator

Risk operator P Maint-Ext

Risk operator
Contribution
Acknowledgement
Screnn capture
No gesture
Screen capture

Could you send it again please

Status: Observation Running

Locali
Distance

Factory sp...
Ressource..
Screenca...

Scenario

< >

% AddModifier group...  ®  Addh

Scoring Options. ..

»

P The Observer XT 8.0 ... F‘m Microsoft PowerPoint ... r:) Google Docs - Home -...

Fa- SMINLS{11: Next 50 ... Hk-’ apport d'ordre.bmp - ...

L Select Observations

[ C:\Documents and Se... [ 5 C:\Documents and Se...

FR qus {2 13:24




Team behavior and
anticipation

Two behavioral profiles can be
identified: reactive behaviors and
proactive behaviors. A proactive
behavior supposes a good knowledge
- of operators about the task to be




¥ The Observer XT B.0 - COLLGISS TUTO_EV - [Proactif - Event log0001] Q@@
File Edit View Setup Observe Anal

.ct Explorer
= (4 COLLGISS TUTO_EV
o G@ Sewp Proactif.m
# Observation Sources St Stat
#4) Coding Scheme % Riskoperator  Ma. u

Independent Variables & Ressources ... s

Elaboration
Proactif

ion Sources

= [© MediaFies
@ Proactt
nal Data

Mot

i 1 40

107202011 1

Contribution o e een capture near
Information d you anoth
capture near Mar: ’ to work on th
regions

Risk operator P Maint-Int-Pian
View Settings

@ Maint-Int-Plan

Plug-in file:

No event data available for the current time. Add Subject...

Independent Variable...

Ready

_— 5
iJ demarrer € %@

»

P The Observer XT5.0... | (] Microsoft PowerPoint ... | < Google Docs - Home ... | & Raquettedetennisa... | 1§ elaborationbmp - Paint | f C\Documents and Se... C:\Documents and Se.... R &)LV M 12



Team behavior and
anticipation

With a reactive behavior, an
operator asks to his/her partner
information he/she needs to achieve




Hierarchical links and
operators roles

To check about the actual hierarchical links between operators,

we rely on several criteria that are coded within Noldus:

emission or requests for orders, emission or requests fo
~ suggestion, frequency of intervention and decision making.
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Hierarchical links and
operators roles (ll)

Suggestions gather communications related to opinions,
recommendations and advices. Emitting suggestions is considered as a
supportive behavior, while asking for suggestion reveals doubts and need
for help on the emitter side (Chauvin & al. 2010)




Accuracy of exchanges

We gather in explanations (requested or given) all

communication acts such as clarification, tuning, repetititon,
correction and justification. We consider explanations to be
correlated to the level of soudness and accuracy of exchanges.
Requests for explanation express a problem of mutual
understanding between operators (Chauvin et al, 2010).

Exemple




Attention and focus

Need for (or lack of) collaboration / cooperation can be detected
through requests for attention. We suppose that without such
requests, attention can be considered as satisfying (use of eye-
trakers information should allow to refine this approach) (Chauvin

et al, 2010).




Gesture and gaze

We focus on gaze and pointing gestures (Ekman et Friesen (1969),
McNeill (1992)). Gazes can be considered as regulating gestures / acts.

Gazes and gestures (e.g. nodding) accompany the interaction (as
mumblng can accompany dialog).

Pointing gestures are deictic and indicate somehing in the environment.




Content of exchanges

The set of concepts addressed by the exchanges between operators is




To summarize

Cooperation

Loops : )
questionnaire

management

3 p

Cooperation
Analysis

Attention and \

focus

Proaction Content analysis
and respect of

roles

Gazes
Pointing



Post experiment group
evaluation

Questionnaire about:

* Information sharing







Time of scenario
execution

Time of
scenario execution

Temps de réalisation




Cooperative “mode”

Frequency of elaboration and
maintenance acts

Maintenance et élaboration du champ commun

b
o

B Maintenance

® Elaboration

L)
o

c
o
b =S
=
a
=
© 30
R
o
g
3
]
(e

—
o

=]

Groupe 2 Groupe 4 Groupe 5




Loops

Mean time of

Number of open and closed loops
closed loops

g
2
- |
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2
v
o
o
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N
(=]

—
(=]

(=]

Boucles ouvertes et fermées Temps moyen des boucles fermées

N Boucles fermées

en seconde

® Boucles ouvertes

Groupe 2 t@ Groupe 5 Groupe 4

Group 2 Group4 | Group5

8,6 9,0 15,0

Mean time of
maintenance closed loops



Orders, suggestions,
precision

Apport ou demande de suggestion

suggestion

B apport

® demande

Fréquence d'ap

precision

Apport ou demande d'explications
Groupe 2 Groupe 4

Apport ou demande d'ordre

o
W

N apport

%

¥ demande

Fréquence d'apparition

.P“ -
ViU W B

N apport

B demande

—

Groupe 2 Groupe 4 Groupe 5

Fréquence d'apparition

-

o
v

Groupe 2 Groupe 4 Groupe 5
orders et ‘ ‘

o



Gaze and gesture

nature of pointing

Condition d'apparition du pointage

gaze and pointing

Gestes de regard et de pointage

Fréquence d'apparition

Bapport
I ¥ demande

Groupe 2 Groupe 4 Groupe 5

Wregard

¥ pointage

c
-}
z
3
&,
s
]
v
o
$
3
g
&

nature of gaze

Groupe 2 Groupe 4 Groupe 5

Condition d'apparition du regard

Bapport

®demande

c
o
=
|
a
a
a
-
o
v
§
3
o
-
<
-

5--

0
Groupe 2 Groupe 4 Groupe 5




Group profiles

group 2

group 4

group5

anticip.

proactive

proactive

proactive

hierarc.

no link / factory
decide

no link / factory
decide

no link / health
decide




User experience
Sharing information

No cross marker!!

Chercher infos Acces aux infos Voir les actions




User experience
Coordination

No structure for
the project

Onl)’ oral Avancée du travail Role de chacun Organisation structurelle
exchanges on
state of progress




User experience
Communication

No space dedicated to Espace de dialogue pour Transmettre des informations
chat! communiguer




Usr experience
Cohesiveness and Engagement

® Nothing to declare







