
Apostasy in Level of Automation Modelling:  
Four Studies on the Road to Disillusionment 
Greg A. Jamieson & Gyrd Skraaning Jr.  

2 



Institutt for energiteknikk 
OECD HALDEN REACTOR PROJECT  

Interaction effect role*handheld
Current effect: F(3, 32)=9.26, p=.00, =.46 

Vertical bars denote 0.95 confidence intervals

 With handheld
 Without handheld

RO TO SS FO

Operator role

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

Pr
oc

es
s 

un
de

rs
ta

nd
in

g

3 

3 

4 



Trust in Automation 1997 - HAMMLAB  
Types of Automation 1998 - HAMMLAB  

Human-Centered Automation 2000 - HAMMLAB  
Human-Centered Automation 2001 - HAMMLAB  
Procedure Automation 2001 - FITNESS  
Procedure Automation 2002 - HAMMLAB  

Extended Teamwork 2004 - HAMMLAB  

Coping with Automation 2009 - HAMMLAB  
Out-of-the-loop performance 2009 - HAMMLAB  

HAI prototyping 2011-2017 - FutureLab  

LAD feasibility test -2015 - FutureLab  
2018                                                                     

1997                                                                     

2010                                                                     

2000                                                                     

2005                                                                   

Hierarchical HAI concept 2017 - FutureLab  

5 

Trust in Automation 1997 - HAMMLAB  
Types of Automation 1998 - HAMMLAB  

Human-Centered Automation 2000 - HAMMLAB  
Human-Centered Automation 2001 - HAMMLAB  
Procedure Automation 2001 - FITNESS  
Procedure Automation 2002 - HAMMLAB  

Extended Teamwork 2004 - HAMMLAB  

Coping with Automation 2009 - HAMMLAB  
Out-of-the-loop performance 2009 - HAMMLAB  

HAI prototyping 2011-2017 - FutureLab  

LAD feasibility test -2015 - FutureLab  
2018                                                                     

1997                                                                     

2010                                                                     

2000                                                                     

2005                                                                   

Hierarchical HAI concept 2017 - FutureLab  

LOA 

6 



  
 The Explorative LOA Study – HAMBO 2009 
 
 The LOA Classification Study – NORS 1998  
 
            1st Procedure Automation Experiment – FITNESS 2002 
  
 2nd Procedure Automation Experiment – HAMBO 2002 
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Our contributions 

• Statistical reanalysis 
– verify prior results 
– extract new findings 
– discover patterns across studies 

• Reinterpretation of results 
– per study and across studies 

• Connected results to recent literature 
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HAMMLAB 2009 – HAMBO Simulator 
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Complicated experiment 

• Experimental manipulations 
– transparency of Automation 

(presented at HFC in 2014)  
– multi-unit staffing 
– overview displays 
– scenario complexity 

• Explorative investigation 
– impact of high LOA on OOTLUF   
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Background 

• When automatic systems are given more 
authority, intelligence and autonomy 
– humans are placed outside the control loop 
– but still expected to perform important functions, 

e.g. taking over manually in the event of system 
failures 

• OOTLUF can be seen a consequence of 
increasing LOA 
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High LOA in the 2009 experiment 

• Automation  
– executed process control tasks to bring the plant from 

cold start-up to 50% reactor power 
– performed basic monitoring of process deviations in 

normal system states 
• Operators 
– supported automation when system failures occurred 
– were unfamiliar with automation that took active 

control of the whole plant 
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High LOA will produce 
OOTL events 
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Multi-stage filtration 

All human performance data 

Possible OOTL events 

Probable OOTL events 

True OOTL events 
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OOTL indicators 

• Loss of Situation Awareness 
• Degraded Task Performance 
• Out-of-the-loop buttons 
• Video and simulator logs  
• Debriefing interviews  
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Process Expert  should press 
the red button when the crew 
return back in-the-loop. 
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Searching for outliers 
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SME filtering of possible OOTL events 
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17 probable OOTL events identified 
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SME analysis of 17 probable OOTL events 
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HAMMLAB 1998 – NORS Simulator 

Partly funded by IPSN (IRSN), France  
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• LOA and taskwork are deeply  
entangled in real life 

• Experimental separation of 
LOA and task effects creates 
artificial results 

• LOA becomes an abstraction 
rather than a real 
phenomenon  
 
 

Fundamental assumption 
behind the experiment 
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Methodological approach 

 LOA in scenarios 

High Low 

Scenario 
complexity 

High 

Low 

Scenario Scenario 
Scenario Scenario Scenario Scenario Scenario 

Scenario 

Scenario Scenario Scenario++ 
Scenario++ 
Scenario++ 

Scenario++ 
Scenario++ 

Population of scenarios 

Scenario 1 

Scenario 2 

Scenario 3 

Scenario 4 

Adjustments to scenarios for perfect fit 
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A double-edged sword 

• Prioritized ecological over 
internal validity 

• LOA manipulations were 
deliberately confounded 
with scenario effects 

• Challenging to interpret 
experimental effects 

• Reanalysis produced 
ambiguous results   

29 

Substantiation of LOA classifications 

• Six realistic test scenarios 
developed and classified by   
a team of SMEs  
– two process experts and  

a nuclear engineer 
– could they be wrong? 
 • We tried to verify their classifications or reclassify 
based on technically specific LOA criteria 

• To improve the interpretability of the experiment 
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Scenario 4 
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Automatic devices in NORS 
• Interlocks – prevent actions from being 

carried out in safety critical situations 
• Controllers – regulate plant components  

(e.g. power level, temperature, pressure) 
• Limitations – ensure that predefined 

operating values are not exceeded  
• Protections – ensure that predefined safety 

critical values are not exceeded  
• Programs – switch a group of components  

on or off in predefined sequences 
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Number of Accumulated 
duration  involved active 

Interlocks 

Controllers 

Limitations 

Protections 

Programs 

Manual 
replacements 

Available information in 6 scenarios 
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Examples of tested LOA indexes 
• Σai(controller, protection and automatic program 

activities) - Σbi(manual replacements) 
• Accumulated duration of [controller, protection and 

automatic program activities] – accumulated duration 
of manual efforts 

• Combinations of duration and frequency indicators 
• Automation activity without taking manual 

replacements into account  
• Separate indexes for controllers, protections and 

automatic programs   
 

35 

Outcome 
• Many disparate calculations 
• Inability to match calculations to original SME assessment 
• Almost any LOA classification of scenario was possible 
• Pessimistic interpretation 

– LOA and taskwork seem inseparable in real life 
– LOA classification of complex taskwork appears problematic 
– is LOA an abstraction without root in reality? 
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From country cruising to Rally Dakar 
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Level (or degree) of automation 

Adapted from Wickens et al. (2010) by Onnasch et al. (2014) 
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● clear automation 
benefit for routine 
performance with 
increasing DOA 

● similar but weaker 
pattern for workload  

● negative impact of 
higher DOA on 
failure system 
performance and SA 

  
 The Explorative LOA Study – HAMBO 2009 
 
 The LOA Classification Study – NORS 1998  
 
            1st Procedure Automation Experiment – FITNESS 2002 
  
 2nd Procedure Automation Experiment – HAMBO 2002 

42 



EDF SEPTEN 2002 – FITNESS Simulator 
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Degree of procedure automation 

44 

• Profiling based on 
– information-processing perspective (Parasuraman et al., 2000) 
– COPS capability analysis (IEEE Std. 1786-2011) 



Detection  
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Statistical findings 

• Routine performance more efficient 
with automated procedures 
F(2,10) = 6.80, p < 0.014 

• LOA had no effect on  
failure performance,  
situation awareness,  
or workload 
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Possible explanations 

• Participants were mostly engineers rather than 
licensed operators  

• Participants worked individually; not in crews 
• Participants not required to use the COPS  
• “to be able to measure the effect of procedure 

automation, more sensitive and valid measures 
are required” (HWR-707, p. 19) 
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Explained by the ‘a’ threshold? 
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 The LOA Classification Study – NORS 1998  
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50 



HAMMLAB 2002 – HAMBO simulator 
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Degree of procedure automation 

52 

• Profiling based on 
– information-processing perspective (Parasuraman et al., 2000) 
– COPS capability analysis (IEEE Std. 1786-2011) 



COPMA procedure system 
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Resp. time 
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esp. timRe
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The 2nd Procedure 
Automation Experiment 

Response time 
Direction of effect 

NA 

Interpreted support 

Task performance - OPAS 
Direction of effect 

NA 

Interpreted support 

Situation Awareness 
Direction of effect 

F(3,63)=2.68, p=0.05 
2=0.30 (effect size) 

Interpreted support 

Workload 
Direction of effect 

NA 

Interpreted support 

Human-automation cooperation 
Direction of effect 

F(3,63)=14.69, p=0.01 
2=0.41 (effect size) 

Interpreted support 
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2=0.30 (effect size)
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Out-of-the-loop-performance 
Direction of effect 

F(3,63)=5.12, p=0.00 
2=0.20 (effect size) 

Interpreted support 

Higher scores mean less experienced 
difficulty with the procedure execution 

Support for lumberjack model 
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Resp. time 
    OPAS 
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meesp. timRe
   OPAS
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Possible explanations 

• Critique 
– inflated error term due to scenario variation 
– unfamiliar SA measure (IPAQ) 

• Response 
– high degree of similarity in methods to other HAMMLAB 

experiments that demonstrated anticipated effects 
– IPAQ sensitive to scenario manipulations; works well in 

HAMMLAB experiment on teamwork and task 
management (HWR-704) 
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Possible Explanations 
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Complex work settings 
− professional operators 
− high fidelity simulators 
− realistic scenarios 

● clear automation 
benefit for routine 
performance with 
increasing DOA, 

● similar but weaker 
pattern for workload  

● negative impact of 
higher DOA on 
failure system 
performance and SA. 
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Study Experiment 
Characteristics 

Routine 
Primary Task 
Performance 

Return-to-
Manual 
Primary Task 
Performance 

Routine 
Secondary 
Task 
Performance 

Return-to- 
Manual 
Secondary 
Task perform 

Subjective 
Workload 

SA 

Calhoun et al. 
(2009) 

Military personnel (non-
SME); Commercial 
simulator; complex 
scenarios 

-.816 
 
 

0 
 
 

 
 

0 

Cummings & 
Mitchell (2007) 

Active-duty military 
personnel; laboratory 
simulator; futuristic 
scenarios 

0 
 
 

 
 

 
 

 
 

0 

Metzger & 
Parasuraman 
(2005) 

En route controllers; 
medium fidelity task 
simulator; multi-task 
scenarios 

0 0 0 0 0 0 

Sarter & 
Schroeder 
(2001) 

Commercial aircraft 
pilots; Full-scope 
simulator; Complex 
scenarios 

1 
 
 

 
 

 
 

 
 

 
 

1st Procedure 
Automation 
Experiment 

Licensed NPP 
operators; Full- scope 
simulator; Complex 
scenarios 

1 0 
 
 

 
 

0 0 

2nd Procedure 
Automation 
Experiment 

Licensed NPP 
operators; Full- scope 
simulator; Complex 
scenarios 

0 
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Operational Experience with LOA 
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A consistent pattern of results 

• Explorative studies 
– anticipated OOTL performance degradations under 

high LOA were absent 
– technically specific LOA classification of realistic 

test scenarios produced arbitrary results 
• Findings from two controlled LOA experiments 

were inconsistent with the lumberjack model 
− compared to similar studies from complex work 

settings in other domains 
− compared to operational experiences with LOA 

applications 
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Practical implications 

• Technical basis of LOA 
predictions in complex work 
settings seems weaker than 
anticipated 

• Be critical when applying 
established LOA frameworks 

• LOA modeling could mislead 
designers and result in unsafe 
human-machine systems 

• Ineffective LOA regimes may 
undermine the legitimacy of 
human factors design guidance   
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