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Research goals - outline

Goal: Development of complex human-machine systems
— Situated Cognitive Engineering




Situated Cognitive Engineering

Derive

Specify

Test

Refine

Operational Human Factors
Demands Knowledge

Envisioned
Technology

l l

l

Scenarios Claims Core Functions

Requirements Baseline

1 v

Prototype

Review] Leittest]

| v

Comments —>‘\ : Ll

v

-1 Simulation

Lsim-Assess]

Sim Results




Research goals - outline

1. Measuring Cognitive Task Load (CTL model)

2. Manipulating CTL at design time (CTL method, evaluation, interface
design)

3. Using CTL real time to adapt support

M. Neerincx, M.A. (2003). Cognitive task
load design: model, methods and
examples. In: E. Hollnagel (ed.),
Handbook of Cognitive Task Design.




Measuring CTL
- CTL model -
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From Monitoring & Control to Supervision

Current situation



Cognitive Task Load (CTL) Model
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Cognitive Task Load (CTL) Model
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Manipulating CTL at
design time
- CTL method -
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Manipulating CTL — Compound Action Sequence

CTL factors
1. Time occupied

system operator operator Chers 2. Complexity
ot mobilty 3. Task switches

low pressure announces operator
alarm leakage and aNNOUNCes
steering asks for extra cause
machine personnel |

receives communi-

request for | | cates with Tools to manipulate CTL:
personnel operator 3 )
« Task allocation
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The CTL Method (2)
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The CTL Method (3) - Task decomposition

Goal-directed

Managing

Activity _
Emergencies

Restore
pressure fire
fighting sys

Ventilation
crashstop

Start extra Close valves
pump open deks

Action

task set 1

TNO Defence, Security and Safety

Fire fighting

Announce fire




The CTL Method (4)
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The CTL Method (5) — Event list

Event Consequences
Event category
External Weather Current
Forecast Storm approaching Deviation of route
Sea state Current
Forecast Sea state 8 Close all open decks for personnel
Internal

|
15 TNO Defence, Security and Safety 2005 Tl"l @




16

The CTL Method (6) — Scenario Table

Initial state

Ship is sailing under heavy ice-conditions, clear view (13 nm), strong wind (30 knots), sea state 4

Time(min:s) Event
t=0:00 Fire alarm Location Compartment 4-65
Details Unknown
Consequences Abort current operational activities, alert fire organization
Source Fire sensor
t=0:42 Ventilation Location Deck 4
alarm
Details Main valve in alarm
Consequences Oxygen supply and a violation of smoke boundary
Source Valve sensor
t=0:56 Fire Location Compartment 4-65
Details Too large for first attack
Consequences Abort current operational activities, alert fire organization
Source Telephone by shipmate

TNO Defence, Security and Safety

| =
2005 '!Ll..




The CTL Method (7)
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The CTL Method (8) — BAS & CAS & Support
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Manipulating CTL at
design time
- Evaluation -




Operator Load Assessment (OLA)

1. OLA 1: Experiment high-fidelity control centre simulator
Multipurpose frigate. 8 scenarios with CTL method (high-low

values)
2. OLA 2: Experiment onboard 3 ADCFs. Optimal, typical and extreme

scenario.

LIP=complexity

overload

cognitive
lock-up

optimal
workload
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OLA 1

» CTL method provides good prediction of the high/low values of the CTL
factors.
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OLA 2

Evaluation Ship Control Centre ADCF
3 ships
- 3 different scenarios designed
with CTL method
(optimal, typical, extreme).
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Measuring CTL
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OLA 2

Scenario 1 Scenario 2 Scenario 3

overload

optimal
workload

Working : :
Condition Optimal Typical  Extreme
TO Medium High High
TSS Medium Low High
LIP Medium High High
Effect Scenario | Scenario | Scenario
optimal | typical extreme
TO (%) F(2, 28) = 207.89, p < .0001 | 48 84 79
TSS (#/min) F(2, 28) = 25.991, p <.0001 | 1.57 0.78 2.14
LIP (av/min) | F(2, 24) = 26.919, p <.0001 | 1.62 2.75 2.93

TNO Defence, Security and Safety
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* A numerical indication of critical and optimal CTL areas has

been made
Operator Manager
OI—A 1 Low High Low High
TO
TSS 0.14 0.87 0.20 1.7
LIP 1.9 2.7 2.3 2.9
OLA 2 Operator Manager
Low Medium High Low Medium High
TO 40 79 58 86
SS 035 0.77 0.97 0.25 0.89 1.3
LIP 1.7 3.1 1.6 2.7
26 TNO Defence, Security and Safety 2005 'I_fl;‘







lterative steps during design

Using the CTL method in multiple simple iterative steps will optimize
the end human-machine system.




CTL method for evaluation

At which cognitive task load does the support function at an optimum level?

LOA 0 = old-fashioned manual
LOA 2 = Semi-auto
LOA 3 = Auto

|
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Detectie section Adviezen section TC Acties section Lokale Acties section

i Storingzdetectie Yoortztuwing
jal
Tid Component Zide | Detectie ﬂ
. 08/01/04 14:52 12345 HSMO<koeler SB SB HSMO temperatuur na koeler [hoog]
.EIB.-"EI‘I A4 714:52 12345 HSMO-koeler SB SB HSMO températuur na koeler [zeer hoog]
. 08/01/04 1452 1234.8: Clutch pomp circuit SB Clutch drik [laag)
.EIB.-"EI‘I A4 714:52 12348 Clutch pamp circuit SB SB Clutch druk [zeer laag]
. 08/01/04 14:52 12542 hoofdcircuit SB SB W druk. zeekoelwater HTWE, [laag)
. 08/01/04 14:52 4.2 hoaofdzincuit SB SBEHZEM diuk zeekoelwater HTWE. [zeer laaqg) -
4| | v
/fi‘-.utcumatisch | | Stapzgewijz bevestigen / H andmatig
Adviezen P /
—— - - - Actieve zijde
Frioriteit | Zide Advies etailz 2ot Shuur,
1.02 BB MOODSTOP Moodstop BB-as i.v.m. zeer hoog tilingsniveau KT HYGT BB
1.02 BB MOODSTOR Moodstop BB-as i.v.m. zeer lage oliedruk fiktiekoppeling KAD
1.02 5B MOODSTOR Moodstop SB-as i.v.m. zeer hoog trilingsniveau KT HYGT |
1.02 5B Moodstop SB-as i.v.m. zeer lage oliedruk fiktiekoppeling KAD
A 103 BB Moodstop BB-as i.v.m. zeer hoge termperatuur lager TwWE. Stoppen |
1.03 5B Moodstop SB-as i.v.m. zeer hoge terperatuur lager TWE
1.05 BB Moodstop BB-as i.v.m. zeer hoge termperatuur voor HSMO koejér |
1.05 BB MOODSTOP Moodstop BB-as i.v.m. zeer hoge ternperatuur na HSMO koejer -
P | | LH Afdrukken |
TC Acties -‘/ Lokale Acties ‘
Actie = Aclie
[v] 1. Meld via ALLEM / MANOD aan de BRUG: [v] 1. Instructies weg e sturen personeel;
"Brug hier de TC, HOODSTOP op BEB-as, indien toegestaan geldt een .. - wijz op mogelijkheid lekkage en eigen veiligheid;
[v] 2. De BRUG accepteert de NOODSTOP d.m.y. het ingtellen wan "STOP". . - 1ol ready-uze slang uit;
|_ 3. %oer NOODSTOP BE wuit. - controleer het smeerolie systeemn in de TWHR;
4. Controleer via het CCTY systeem de TWER. - meld lekkage onmiddelijk aan de TC.
8. Indien smeeralie lekkage: 2. Controleer het zeekoelwater systeen,
B.01. Contraleer of de MOODSTOP volledig vitgevoerd is (a5 op de rem). 3. Indien smeerlie lekkage:
5.02. Stap E-Clutch pomp BB [mimic 234). 3.0, weligheidzslang optuigen.
5.03. Stop E-SMO pomp BE [mimic 234). 3.02. in opdracht van de TC scheepsviak schuimen.
5.04. Crashzstop toevoer ventilatie T'WER [mimic 530, 4. Einde advies.
5.058. Crazshztop afvoer ventilatie TWER [mimic £30]. j
Bevestigen Owerzlaan Detailz | Bevestigen Overzlaan Details |




CTL method for evaluation

At which cognitive task load does the support function at an optimum level?

LOA 0 = old-fashioned manual
LOA 2 = Semi-auto

Scenario*LOA; LS Means
LOA 3 — AUtO Current effect: F(4, 28)=3.2793, p=.02521

Effective hy pothesis decomposition
Vertical bars denote 0.95 confidence interv als
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CTL method for evaluation

LOA 0O = old-fashioned manual
LOA 2 = Semi-auto
LOA 3 — AUtO Scenario*Role*LOA

Current effect: F(4, 28)=3.6264, p=.01674
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals

LOAO LOA2 LOA3 LOAO LOA2 LOAS3 LOAO LOA2 LOAS3

:{ Operator

- - Manager
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CTL method for evaluation

LOA 0 = old-fashioned manual
LOA 2 = Semi-auto
LOA 3 = Auto

Scenario*LOA*Role; LS Means
Current effect: F(4, 28)=3.2875, p=.02497
Effective hy pothesis decomposition
Vertical bars denote 0.95 confidence interv als
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Summary CTL method

1. Powerful design and evaluation tool for user centred design

2. Values determined in several evaluations can be used in the design
of new systems in this domain

3. Using the CTL method in multiple simple iterative steps will
optimize the end human-machine system




Manipulating CTL at
design time
- Interface support -




. Atomos

Vaat 165kt Wind 20 Kkt Asomw L 108 /min Tijd 15:05:32
F Koers 317 - Richting 30 Asomw R 103 /min /b Scheduler Datum  12-07-01 ﬂ
p” 4
Brand Il |4 Vooristuwing / L ] Qverig 10
Brand Compartiment 4-65 15:01:14 4 /
Actie lijst | Info Invokl —P
F Crashstop ventilatie DiaQHOSiS " = S w chip
g {— — jfﬁ-fﬂ=(
Guide ¢ = & : ®
. o f It e N
F Omroepen brandmelding 7 e — WY o e 28 e = Brandblus
4-40 4-20 systemen
7 Starten brandbluspomp i e ek =3l !
155 | = | 5 /"I SRR
F Omroepen brand A 4-67] - Ve = CO2 systeem
461 |462 -
158 460 ¢ i
I Bepalen aanvalsroute l E @ @ ab5 |a6s y A-704 3 4-4
. 2| (A" =T
™ Bepalen rookgrenzen 454 ae6] | c.%l._u_l 45 . <] 47
z 5 == ] a71| ar2| 473
: : a5 oo | B> SIS R ETRE S | e 4B
T Neerzetten omgevingskoeling = P i
427 2 448 4
[ 446 4-C
 Spanningsvrij maken " 445 | 443 | 438 | 435 o | 4ra) 417 bd L
o + - P
I_ 43
Weghalen gevaarlijke stoffen A 6 = a7
Information - 50 . )
Handler il i
Dyerzichit |
. Aanvalsroute
Rule Provider ‘D9k4 ~{Compg5—= 1 c2 3 4 Toepassen|  Cancel | ‘
Communicatie ‘ | Brandbestrijding Voorstuwing Energie Overig




Using real-time CTL to
adapt support
- ADIOS -

Environment

Modeling components

operator system context
model model model

Allocator
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Real-time CTL to adapt support

1. Can we detect operator taskload (time occupied, task switches &
complexity) real time?

2. can we identify critical regions (performance & effort)?

3. can we use this information to adapt support (task allocation & level
of automation) to the actual CTL of the user?







ADIOS: Adaptive Interface for Operational Support

. Atomos

F Speed 16.1 kt Wind 20 W Rotation Port 55 { min Time  08:25:37
Course 030 - Direction 30 Rotation Starboard 79 / min Scheduler Date  05-01-31
Fire [ ] Propulsion L Navigation W 12 Sitrep I
Collisionwarning 08:14:09 v Accept Sitrep 1 %6
Redirect
Action list| Diagnosis | 008 = Manual % m
& 20 330 340 350 000 010 020 030 040 Advice %2 |o 118 ][ Sitrep
Sitrep 1 Diagnosis e || [ Received follow
] RELATIVE MOTIOM 450 000 010 v Concur E% (= | eceived following
Guide 34D, e / 20 Veto B T |||| message of
v/ Collisi i Speed o 7o r— iy Air defence Officer:
ollision warning ope 320 940 = IC= _]ﬁ\ > ||| two nearest
] 310 / goi-— (190 VRM lon EEE ||| contacts abandon
V' Inbound contacts 1 300 080 i ‘ TET airway.
4 o290 ; W o0 —_— : atin i
/N = ; A . | ., [P_lonEEE Lubricating oil is solved
4 280 i/ oso
! : ¥ \ | b ‘ Course: 270.0
4 2 d 0%0 J | Marker ||| Distance: 1.89
] ; .o |BEARING 307.4||/| CPA: 0.40
1 = oo I | RANGE 1.31
= 250% 110 0 lmg);::-l
] 240 ] TCPA 4.9
I DIST  1.89
0‘ g 230 BEARING 28.6
Rule Provider 220 140 SPEED 16.1
7] 270 50 210 1150 [COURSE 270.0
200 R IT] 160 I r
180 P30 20 10 0 10 20 30S [__RELATIVE |
Visibility 8nm
Information
Handler
Course: 030 i : .
RElales 189 Send to Sitrep ‘ Auto speech ‘
Speed: 16.1 CPA: 0.40

40 Communication Fire fighting Propulsion Energy ‘ Remaining ‘



ADIOS 3

Can we create an adaptive system, where support is based on the actual task
load of the operator.

Experiment in Rotterdam, STC

+- 60 participants

Using maritime scenarios (bridge and platform)
2 conditions

* Advice
« Adaptive (switching between Manual-advice-auto)

|
2005 '!LH..
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ADIOS 3

1. Measuring Complexity (manual — advice)

2. Condition 1: Advice mode

3. Generation task load areas (SOWAT)

4. Condition 2: Adaptive support mode

5. Extra: Workload feedback, Situational awareness display
Measuring

*  Cognitive task load

* Performance

e Subjective effort

*  Questionnaire (Usability, trust,
Situational Awareness)

|
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ADIOS 3

Film

|
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Summary

1. We can generate critical regions of performance and effort and use
these areas in combination with real time CTL to adapt support.
Important issues are situational awareness and trust.




Summary
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Summary

Goal: Development of complex human-machine systems
—> Situated Cognitive Engineering

1. Measuring Cognitive Task Load (CTL model)

2. Manipulating CTL at design time (CTL method, evaluation, interface
design)

3. Using CTL real time to adapt support
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Contact & More information

* Marc@Grootjen.nl

e http://mmi.tudelft.nl
e http://www.augmentedcognition.org/

¢ http://yukon.twi.tudelft.nl/weblectures/Usability/ CT%20Analysis%20and%20Adaptive
%20Interfaces%20in%20Process%20Control_files/Default.htm



http://mmi.tudelft.nl/
http://www.augmentedcognition.org/
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