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Human Computer Interaction
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Human Computer Interaction

Perception Cognition Action

Output Computing Input
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Introduction
McFarlane and
Latorella ’02:
- Coordination
- Multi-tasking
- Dynamic Act.
- Cognition
- Design
- Taxonomy

Trafton et al. ’03:
- Disruptiveness
- Anatomy
- Interruption lag
- LT memory

Bailey et al. ’00:
- Workload
- Breakpoints
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Anatomy of an interruption

Timeline: Anatomy of an interruption [Trafton03].
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Resilient User Interfaces

Satellite Uplink Control Center:
Removing Objects from current System Presentation using

Multi-modal man-machine interfaces
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Longer Term Objective

Our research question:

Are formal stochastic models suitable to
analyse and predict the

resilience of multi-modal interfaces to
interruptions?

Main stream:
empirical studies

Real observations
Costly to organise
Time consuming
Often prohibitive in
design phase

Formal methods:
Models:

Exploration of many
situations
Re-use of empirical
results for ‘sub-tasks’
Approximative
Predictiveness
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Outline

1 Introduction

2 Case Study: Drag ’n Drop, Speak ’n Drop
3 Methodology
4 Stochastic User models
5 Stochastic System models
6 Results
7 Conclusions and Outlook
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Resilience to interruptions

Case study:
1 Primary task: Icon removal from desktop
2 Secondary: deal with interruptions by pop-up windows
3 Two interaction techniques: Drag’n’Drop and Speak’n’Drop
4 S’n’D is Multi-modal: Mouse and Voice

Goal:
1 (Stochastic) Model based analysis of resilience to interruptions
2 Comparing average number of successful removals for both

interaction techniques by varying interruption rates
3 Viability and Predictive capability of Stochastic Models
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Approach

1 Stochastic Model of user part informed by
cognitive theory (ICS, Barnard 1985) and
human factors (e.g. Fitts’ Law studies)

2 Joint stochastic model comprising behaviour of:
user
system and
interruptions

3 Language: Stochastic Automata (Stoch. Process Algebra PEPA)
4 Tool: Stochastic Model Checker PRISM
5 Analysis:

Comparison of number of drops for different interrupt rates
Validation of approach: comparison with empirical data
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Case study: removing items from desktop
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Case study: removing icons from desktop
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Case study: removing items from desktop
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(Cognitive) Activities involved in DnD

Visual observation of desktop
Selection of icon to remove

Planning
Ballistic
Approach (visual control)
Adjust (optional, visual control)

Drag to trash (also 3-4 phases)
Release button
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Cognition: How we perceive, think and act
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Cognition: How we perceive, think and act

Light in room 133:

Heat in room 133:
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Cognition: How we perceive, think and act
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Interacting Cognitive Subsystems [Barnard & May, 1993]

Focus of attention
Proceduralisation
Blending
Parallel
processing
Feedback loops
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Formalisation of ICS theory

interactor ICS
attributes

sources : tr → P tr
stable : P tr
@ : code ↔ sys

coherent : P P tr
buffered : tr
config : P tr

actions
engage : tr × tr
disengage : tr × tr
buffer : tr
trans
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Formalisation of ICS

axioms
1 ∀ trs : P tr • trs ∈ coherent

⇔

∃dest : sys •


∀ s, t : sys • :s-t: ∈ trs ⇒ t = dest
∧

∀ s, t : sys; p, q : repr •

 :s-dest: ∈ trs ∧ ps@dest
∧
:t-dest: ∈ trs ∧ qt@dest

 ⇒ p ≈ q


2 t ∈ stable ⇔ sources(t) ∈ coherent ∧ (t = buffered ∨ sources(t) ⊆ stable)
3 t ∈ config ⇔ (t ∈ stable ∧ ∃ s • t ∈ sources(s))
4 per(engage(t , src)) ⇒ src ∈ stable

5 t 6∈ stable ⇒


∃ s • s ∈ stable ∧ s 6∈ sources(t) ∧ obl(engage(t , s))
∨
∃ s • s 6∈ stable ∧ s ∈ sources(t) ∧ obl(disengage(t , s))
∨
obl(buffer(t))


6 [buffer(t)] buffered = t
7 sources(t) = S ⇒ [engage(t , s)] sources(t) = S ∪ {s}
8 sources(t) = S ⇒ [disengage(t , s)] sources(t) = S − {s}
9 px @src ∧ :src-dst: ∈ stable ⇒ [trans] psrc@dst
10 (∃p : repr ; src, dst : sys • [trans] psrc@dst) ⇒ ∃ x : sys • px @src ∧ :src-dst: ∈ stable
11 ∀ s, t : sys • :s-t:, :t-s: ∈ config ∧ (buffered = :s-t: ∨ buffered = :t-s:) ∧ x : tr • x 6∈ stable

⇒ per(buffer(x))
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Formalisation of ICS: Axiom 1

axioms
1 ∀ trs : P tr • trs ∈ coherent

⇔

∃dest : sys •


∀ s, t : sys • :s-t: ∈ trs ⇒ t = dest
∧

∀ s, t : sys; p, q : repr •

 :s-dest: ∈ trs ∧ ps@dest
∧
:t-dest: ∈ trs ∧ qt@dest

 ⇒ p ≈ q



A set of transformation processes trs are coherent iff
1) they all produce data for the same destination subsystem, and
2) all the representations they produce can be blended
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ICS configuration visual control

!mpl
!implic

!art
!prop

art"
lim"

implic"

!mpl
!implic
!obj

!prop
!som
!visc

obj

!mpl
!prop
!lim limvis

!implic
!obj

!leg
!hand

!speech
!type

som

visc

ac art

implic

prop

mpl

bs

"hand

45

6

7

8

3

1

2

Mental configuration
to operate a mouse
(visual control):

1 Goal refresh
2 Object code
3 Limb code
4 Activate hand
5 Visual input
6 Propositional
7 Proprioceptive
8 Hand feedback

40 ms. per transfor-
mation
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Fitts’ Law

Movement time (MT) depends on Distance and Width of object:

MT = a + b log2

(
D
W

+ 1
)

where
a is the start/stop time of the device
b is the inherent speed of the device

Movement has different phases [Faconti & Massink, 2007]:
planning
ballistic
approaching (under visual control)
adjustment (under visual control, optional)
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Movement time study [Faconti&Massink, 2007]
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Movement time study (2)
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Movement time study (3)
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Movement time study (4)

On a 17 inch monitor:
968 ms on average to point to any position
ballistic phase: 69% of time
approach and adjustment phase: 31% of time

Only mean time is known: parameter of exponential distribution

Prob(s, t) = 1− e−λ ∗t

where 1/ λ represents the mean time
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Performance Evaluation PA - PEPA [Hillston ’96]

A Markovian extension of a subset of CSP
Prefix:(α, λ).P; the duration of activity of type α is a random
variable exponentially distributed with rate λ

Choice: P + Q; models choice based on the race condition
principle;
Cooperation:P��LQ; CSP-like multiparty synchronisation; the rate
of a shared activity (in L) is the min of the (apparent) rates of the
cooperating activities in the components:

A = ((α, r1).0 + (α, r2).0)��α(α, r3).0

The apparent rate of α in (α, r1).0 + (α, r2).0 is r1 + r2
The rate of α in A is min(r1 + r2, r3).
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PEPA (cont’d)

passive actions: The rate of an action can also be left unspecified
on one side of the cooperation:

B = (β,>).0��β(β, r1).0

the total rate of β in B is than min(r1,>) = r1. Note that the
following holds:

m> < n> if m < n and m, n ∈ Q
r < n> with r ∈ R and n ∈ Q
m>+ n> = (m + n)> m,n ∈ Q
m>
n> = m

n m,n ∈ Q

Constants: (A = P) for (recursive) process definitions and
Hiding: (P/L) turning into τ any action in L.
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Stochastic Model Checking: Models

Based on Labelled Continuous Time Markov Chains
(S, R, L) where

S finite set of states and
R : S × S → IR≥0 is the rate matrix
L : S → 2AP is the labelling function

Rate is parameter of Exponential distribution of random variable X
denoting the probability that it takes at most t time units to move
from s to s′

if R(s, s′) 6= 0 then there is a transition s → s′

and Prob(X ≤ t) = 1− e−R(s,s′)·t

Exponentially distributed random variables are ’memoryless’
We use CTMC’s that allow ‘selfloops’
CTMC’s are generated from high level specifications, e.g. PEPA
Stochastic model checkers: e.g. PRISM and ETMCC

c© M. Massink (CNR/ISTI) Resilience of Interaction Techniques to Interruptions[1em] A Formal Model-based Approach2010 32 / 65



Example Labelled CTMC and PEPA

Run

Wait

Ready

(read,γ)

(ok,β)

(get,λ) (done,µ)

Q =

 −λ λ 0
µ −(µ+γ) γ
β 0 −β



Ready = (get,λ).Run
Run = (done,µ).Ready + (read,γ).Wait
Wait = (ok,β).Ready
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Stochastic Model Checking: Logic

Continuous Stochastic Logic (CSL):

State formulae: Φ ::= a | ¬Φ | Φ ∨ Φ | S./p(Φ) | P./p(ϕ)

S./p(Φ) : probability that Φ holds in steady state ./ p
P./p(ϕ) : probability that a path fulfills ϕ ./ p

Path formulae: ϕ ::= X I Φ | ΦU I Φ

X I Φ : next state is reached at time t ∈ I and fulfills Φ
ΦU I Ψ : Φ holds along path until Ψ holds at t ∈ I

Examples:

P≥0.5((¬Wait)U Ready)
P≤0.1((Run ∨ Ready) U [10,20]Wait)

S≥0.8(Run)
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PEPA Model Checking

quantitative
requirements

formula ΦΦΦ of some
stochastic logic

stochastic
system

stochastic
model MMM

stochastic model checker
quantitative analysis of MMM against ΦΦΦ

probability for “bad behaviors” is < 10−6
< 10−6
< 10−6

probability for “good behaviors” is 111
expected costs for ....

6 / 7
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Continuous Stochastic Reward Logic

CSL with rewards:

R bound [ rewardprop ]

PRISM has four different types of reward properties:
reachability reward: F prop
cumulative reward: C ≤ t
instantaneous reward: I = t
steady state reward: S

Examples:
R≤ 9.5 [F z = 2 ]
R=? [C ≤ 300 ]
R≤ 4.4 [I = 100 ]
R≤ 0.7 [S]
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Drag’n’drop model: User

///o '& %$ ! "#UsrPlanMove
(move,im)

//'& %$ ! "#UsrMove
(vC,vc1)

//'& %$ ! "#UsrOperate
(push,pb)

//'& %$ ! "#UsrSelect
(drag,sd)

//'& %$ ! "#UsrEndMove
(vC,vc2)

//'& %$ ! "#UsrEnd

BECDGF
(drop,dd)

��

0.0 1.0 2.0 3.0 4.0 5.0
Time (sec)

0.0
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ity
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/se
c)

Transitions model time to change cognitive configuration
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Drag’n’drop model: User

///o '& %$ ! "#UsrPlanMove
(move,im)

//

(interrupt,∞)

��

'& %$ ! "#UsrMove
(vC,vc1)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrOperate
(push,pb)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrSelect
(drag,sd)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrEndMove
(vC,vc2)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrEnd

BECDGF
(drop,dd)

��

ED
BC(interrupt,∞)

oo'& %$ ! "#SysInterrupt

(clickOK,ok)

OO
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Drag and drop model in PEPA: User

///o '& %$ ! "#UsrPlanMove
(move,im)

//

(interrupt,∞)

��

'& %$ ! "#UsrMove
(vC,vc1)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrOperate
(push,pb)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrSelect
(drag,sd)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrEndMove
(vC,vc2)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrEnd

BECDGF
(drop,dd)

��

ED
BC(interrupt,∞)

oo'& %$ ! "#SysInterrupt

(clickOK,ok)

OO

In PEPA:

UsrPlanMove = (move,im).UsrMove + (interrupt,infty).UsrInterrupt;
UsrMove = (visualControl,vc1).UsrOperate + (interrupt,infty).UsrInterrupt;
UsrOperate = (push,pb).UsrSelect + (interrupt,infty).UsrInterrupt;
UsrSelect = (drag,sd).UsrEndMove + (interrupt,infty).UsrInterrupt;
UsrEndMove = (visualControl,vc2).UsrEnd + (interrupt,infty).UsrInterrupt;
UsrEnd = (drop,dd).UsrPlanMove + (interrupt,infty).UsrInterrupt;
UsrInterrupt = (clickOK,infty).UsrPlanMove;
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Drag’n’drop model: System

///o '& %$ ! "#UsrPlanMove
(move,im)

//

(interrupt,∞)

��

'& %$ ! "#UsrMove
(vC,vc1)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrOperate
(push,pb)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrSelect
(drag,sd)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrEndMove
(vC,vc2)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrEnd

BECDGF
(drop,dd)

��

ED
BC(interrupt,∞)

oo'& %$ ! "#SysInterrupt

(clickOK,ok)

OO

///o/o/o '& %$ ! "#SysPlanMove
(move,∞)

//'& %$ ! "#SysMove
(push,∞)

//'& %$ ! "#SysSelect
(drag,∞)

//'& %$ ! "#SysEnd
BECDGF

(drop,∞)

��
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Drag’n’drop model: System

///o '& %$ ! "#UsrPlanMove
(move,im)

//

(interrupt,∞)

��

'& %$ ! "#UsrMove
(vC,vc1)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrOperate
(push,pb)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrSelect
(drag,sd)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrEndMove
(vC,vc2)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrEnd

BECDGF
(drop,dd)

��

ED
BC(interrupt,∞)

oo'& %$ ! "#SysInterrupt

(clickOK,ok)

OO

///o/o/o '& %$ ! "#SysPlanMove
(move,∞)

//

(interrupt,∞)

��

'& %$ ! "#SysMove
(push,∞)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#SysSelect
(drag,∞)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#SysEnd
BECDGF

(drop,∞)

��

ED
BC(interrupt,∞)

oo'& %$ ! "#SysInterrupt

(clickOK,∞)

OO
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Drag’n’drop model: Interrupt and composition

///o '& %$ ! "#UsrPlanMove
(move,im)

//

(interrupt,∞)

��

'& %$ ! "#UsrMove
(vC,vc1)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrOperate
(push,pb)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrSelect
(drag,sd)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrEndMove
(vC,vc2)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#UsrEnd

BECDGF
(drop,dd)

��

ED
BC(interrupt,∞)

oo'& %$ ! "#SysInterrupt

(clickOK,ok)

OO

///o/o/o '& %$ ! "#SysPlanMove
(move,∞)

//

(interrupt,∞)

��

'& %$ ! "#SysMove
(push,∞)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#SysSelect
(drag,∞)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#SysEnd
BECDGF

(drop,∞)

��

ED
BC(interrupt,∞)

oo'& %$ ! "#SysInterrupt

(clickOK,∞)

OO

///o/o/o '& %$ ! "#Interrupt
(interrupt,in)

//'& %$ ! "#InterruptOK
(clickOK,∞)

oo

(UsrPlanMove��{move,push,drag,drop,interrupt,clickOK}

(SysPlanMove��{interrupt,clickOK}Interrupt))
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Parameter Values for Drag ’n Drop

Rate: 1000 [ms] / mean time [ms]

im = 1000/910; time of planning (240 ms) plus ballistic (670 ms) movement
vc1 = 1000/290; time of approach + adjust movement
vc2 = 1000/290; as above (1000/120 for procedural case)
in ; interrupt time variable
pb = 1000/120; time of completion of movement finishing with a push button
sd = 1000/680; time planning (0) and ballistic (680 ms)
dd = 1000/120; time to release button and check item dropped (120 ms)
ok = 1000/1300; time needed to handle pop-up interruption (1300 ms)

Each cognitive transformation in an ICS configuration takes ca. 40 ms

c© M. Massink (CNR/ISTI) Resilience of Interaction Techniques to Interruptions[1em] A Formal Model-based Approach2010 43 / 65



Translation into PRISM: Interrupt model

rate in ;
rate ok = 1000/1300;

const Interrupt = 0;
const InterruptOK = 1;

module Interrupt

        Interrupt_STATE : [0..1] init Interrupt;

        [interrupt]
            (Interrupt_STATE = Interrupt)
            -> in :
            (Interrupt_STATE' = InterruptOK);
        [clickOK]
            (Interrupt_STATE = InterruptOK)
            -> ok :
            (Interrupt_STATE' = Interrupt);

endmodule
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PRISM specification rewards

Reward structures

rewards "drops"
        [drop] true : 1;
endrewards

rewards "moves"
        [move] true : 1;
endrewards

rewards "interrupts"
        [interrupt] true : 1;
endrewards
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Reward measure

R{’drops’}=?[C<300]

Cumulative number of drop-actions over 300 seconds
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Resilience of D’n’D to interruptions

Reward measure: R{’drops’}=?[C<300]
Cumulative number of drop-actions over 300 seconds for D’n’D
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Sensitivity to rate parameters: D’n’D

Cumulative number of drop-actions over 300 seconds
12% variation in movement phases leads to 4% variation in nr. of drops
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Validation: D’n’D (preliminary)

drops

! "! #! $! %! &! '! (! )! *! "!! ""! "#! "$!
!

"!

#!
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&!

'!

(!

)!

*!

"!!

""!

"#!

"$!

"%!

"&!

"'!

"(!

")!

"*!

#!!

+,-./012

234,050678-195:;5<<7,01
=,;1+,-./012

+,-./01>

234,050678-195:;5<<7,01
=,;1+,-./01>

interruptions

Column E: empirical nr. of drops: 6 subj., 5 min., at nr. interr.
Column F: nr. of drops predicted by model with related par. values
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(Cognitive) Activities involved in Speak ’n Drop

Visual observation of desktop
Selection of icon to remove (3-4 phases)
Meanwhile: pronounce ’delete’ command
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ICS configuration Speak and Drop
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ICS and parallel activities

Speaking and pointing are partially in conflict:
Visual control requires focus of attention
Starting to speak requires focus of attention

therefore:

Start speech after icon is selected XOR
Start speech during proceduralised ballistic phase

Timing: each cognitive transformation in a configuration takes about 40
ms. So, time to put a configuration into place depends on number of
transformations needed. This will be taken care of in the ’planning’
phase.

c© M. Massink (CNR/ISTI) Resilience of Interaction Techniques to Interruptions[1em] A Formal Model-based Approach2010 52 / 65



Speak ’n drop model: User

///o/o '& %$ ! "#UsrPlanMoves

(move,im)

��

'& %$ ! "#UsrSelect
(startSpeak,ss)

,,XXXXXXXXXXXXX

'& %$ ! "#UsrOperate1

(click,mc) 33ggggggggggg

(startSpeak,ss) ++WWWWWWWWWW
'& %$ ! "#UsrSelectSpeak

(endSpeak,∞)

))RRRRRRRRRRRRRRRRRRRR

'& %$ ! "#UsrSpeak2
(click,mc)

33fffffffffffff

'& %$ ! "#UsrMove

(visualControl,vc)oooo

oooo

77oooooo

(startSpeak,ss)

''OOOOOOOOOOOOOOOOO
'& %$ ! "#UsrEndSpeakSelect

EDGF
(drop,dd)

��

'& %$ ! "#UsrOperate2
(endSpeak,∞)

++XXXXXXXXXXXX

'& %$ ! "#UsrSpeak1

(visualControl,vc) 33gggggggggg

(endSpeak,∞) ++WWWWWWWWWW
'& %$ ! "#UsrEndSpeakOperate

(click,mc)

55llllllllllllllllllll

'& %$ ! "#UsrEndSpeak

(visualControl,vc) 33ffffffffffff
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Speak’n’drop model: User

///o/o '& %$ ! "#UsrPlanMoves

(move,im)

��

(i,∞)

##GGGGGGGGGGGGGGGGGGGGG '& %$ ! "#UsrSelect
(startSpeak,ss)

,,XXXXXXXXXXXXX
(i,∞)

��'& %$ ! "#UsrOperate1

(click,mc) 33ggggggggggg

(startSpeak,ss) ++WWWWWWWWWW

(i,∞)

��

'& %$ ! "#UsrInterrupt2

(OK,∞)

OO

'& %$ ! "#UsrSelectSpeak

(endSpeak,∞)

))RRRRRRRRRRRRRRRRRRRR(i,∞)
oo

'& %$ ! "#UsrSpeak2
(click,mc)

33fffffffffffff

(i,∞)ssgggggggggg

'& %$ ! "#UsrMove

(visualControl,vc)oooo

oooo

77oooooo

(startSpeak,ss)

''OOOOOOOOOOOOOOOOO (i,∞)
//'& %$ ! "#UsrInterrupt1

(OK,∞)

ccGGGGGGGGGGGGGGGGGGGGG '& %$ ! "#UsrInterrupt4
(OK,∞)

//'& %$ ! "#UsrEndSpeakSelect
(i,∞)

oo

EDGF
(drop,dd)

��

'& %$ ! "#UsrOperate2
(endSpeak,∞)

++XXXXXXXXXXXX

(i,∞)kkWWWWWWWWWW

'& %$ ! "#UsrSpeak1

(visualControl,vc) 33gggggggggg

(endSpeak,∞) ++WWWWWWWWWW

(i,∞)

OO

'& %$ ! "#UsrEndSpeakOperate

(click,mc)

55llllllllllllllllllll

(i,∞)
��

'& %$ ! "#UsrMove2
(visualControl,vc)

oo

(i,∞)
rreeeeeeeeeeeeeeee

'& %$ ! "#UsrEndSpeak

(visualControl,vc) 33ffffffffffff
(i,∞)

//'& %$ ! "#UsrInterrupt3
(OK,∞)

//'& %$ ! "#UsrEndSpeak2

(move,im)

OO
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S’n’D model: System & Interruptions

///o/o/o/o/o '& %$ ! "#SysMouse
(move,∞)

//

(interrupt,∞)

��

'& %$ ! "#SysSelectM
(click,∞)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#SysEndM
BECDGF

(drop,∞)

��

(interrupt,∞)

��'& %$ ! "#SysInterruptM1

(clickOK,∞)

OO

'& %$ ! "#SysInterruptM2

(clickOK,∞)

OO

///o/o/o/o/o '& %$ ! "#SysSpeak
(startSpeak,∞)

//

(interrupt,∞)

��

'& %$ ! "#SysSelectS
(endSpeak,es)

//ED
BC(interrupt,∞)

oo

'& %$ ! "#SysEndS
BECDGF

(drop,∞)

��

(interrupt,∞)

��'& %$ ! "#SysInterruptS1

(clickOK,∞)

OO

'& %$ ! "#SysInterruptS2

(clickOK,∞)

OO

((UsrPlanMoves��{move,startSpeak,click,endSpeak,drop,interrupt,clickOK}

(SysMouse��{drop,interrupt,clickOK}SysSpeak))��{interrupt,clickOK}Interrupt)

c© M. Massink (CNR/ISTI) Resilience of Interaction Techniques to Interruptions[1em] A Formal Model-based Approach2010 55 / 65



Parameter Values for Speak ’n Drop

Rate: 1000 [ms] / mean time [ms]

S’n’D:

im = 1000/910; time of planning initial movement plus ballistic movement

vc = 1000/290; time of visual control

in ; interrupt time variable

mc = 1000/80; time of completion of movement finishing with a mouse click

ss = 1000/630; time for user to start speaking and completing the utterance

es = 1000/1000; time for user to end speaking (plus recognition and feedback)

dd = 1000/120; time to check item is removed

ok = 1000/1300; time to handle pop-up interruption
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Resilience of D’n’D vs. S’n’D

Reward measure: R{’drops’}=?[C<300]
Cumulative number of drop-actions over 300 seconds
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Sensitivity to rate parameters: S’n’D

Cumulative number of drop-actions over 300 seconds
12% variation in movement phases leads to 1% variation in nr. of drops
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Learning Effect: D’n’D

Cumulative number of drop-actions over 300 seconds
Effect of learning in visual control phase in D’n’D
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Learning Effect: S’n’D

Cumulative number of drop-actions over 300 seconds
Effect of learning in ballistic phase in S’n’D
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Validation: S’n’D (preliminary)

drops
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Summary and outlook

Stochastic Models for Resilience to Interruptions:
Encouraging results obtained for D’nD and S’nD
Validation of results by means of empirical data (ongoing)
Inclusion of error behaviour and mode confusion
Study further interaction techniques
Bridge between ICO/Petri-Nets and stochastic reward
model-checking
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