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1.0	Introduction
Use of the term human error is perhaps becoming out-dated when highlighting safety failures within complex sociotechnical systems. New terms such as erroneous acts, human performance variability or system failures have emerged to describe error effects associated with human activity where the real causes of safety failures are deep-routed in system factors such as organisational decisions, design, equipment, management oversight and procedures (Woods et al. 2010, Dekker 2014, Stanton and Harvey 2017). Any attribution of individual blame is a failure to understand systemic causal factors. Application of a systems perspective opens a more productive dialogue on performance variability that includes normative and non-normative behaviours and therefore a need to engineer resilient workplace safety systems. This encompasses an operator’s ability to self-monitor for system traps (risks) and correct as necessary to help manage safety at a local level in the workplace (Stanton and Baber 1996, Reason and Hobbs 2003, Cornelissen et al. 2013). Arguably though, the term human error can survive as a valid descriptor in systems safety but only if it is used carefully to highlight the need to analyse the causal effects of safety failures generated by the system and not by the individual. For the purpose of the current research, human error that passes undetected creates a latent error condition, which can impact future safety performance (Reason 1990). Here the term latent error refers to the residual effects created when the required performance was not enacted as expected due to system-induced sociotechnical traps generated by the organisation, i.e. system failures that pass undetected and therefore lie hidden (Reason 1990). Examples of everyday failures might be leaving the gas on when leaving the home or failing to lock the door of their car or house. Both could have potentially negative consequences, if left unchecked. Most people have experienced the phenomenon of spontaneously wondering if they ‘left the gas on’ or ‘locked their front door’. This paper focuses on naval aircraft maintenance where wondering if the tools were removed from the engine bay or replacing oil filler caps after replenishing the oil is not uncommon (Saward and Stanton 2015) and drives the need to design practicable system interventions in light of the phenomenon to enhance overall safety in aircraft maintenance.
Individual Latent Error Detection (I-LED) has been observed where errors suffered by naval air engineers at work appear to be later detected spontaneously by the individual at some point post-task completion, and without reference to recognised procedures (Saward and Stanton 2015). A study by Saward and Stanton (2017) found I-LED to be most effective when engaging with system cues that trigger recall within a time window of two hours. Detection appeared to be improved whilst the engineer worked alone in the same environment that the error occurred, particularly if physical cues such as equipment and written words were present. This suggests a level of safety exists within the workplace that has not previously been accounted for in organisational safety strategies. Human error is often quoted as contributing to 70+% of accidents (Wiegmann and Shappell 2003, Reason 2008, Saward and Stanton 2015) but this belies systemic causes that do not adequately control or manage human performance variability to achieve safety within the workplace (Leveson 2004, Morel et al. 2008, Amalberti 2013). I-LED research adopts the systems perspective where it is system cues that trigger recall but from a human-centred approach (Stanton and Salmon 2009) to reveal understanding of how individual acts of post-task error detection contribute to total safety within complex sociotechnical systems. This involves the interaction between humans and technical aspects of the environment such as equipment, technology and workplace processes (Walker et al. 2008, Niskanen et al. 2016). 
	 The step-change from studying error as a causal attribution of blame to a symptom of wider systemic issues has led to a paradigm shift in the etiological approach to safety performance using systems thinking (Leveson 2004). Little is known about individual error detection (Blavier et al. 2005, Saward and Stanton 2015), although it is argued I-LED can offer a further shift in safety thinking. The phenomenon addresses everyday errors that that could be considered insignificant but where accident causation modelling later revels complex paths of latent error convergence within the system as a whole. It is argued safety is created by controlling risks (system traps) that can cause harm, which encompasses all system-induced operator errors regardless of perceived significance. Morel et al. (2008) observed safety is the product of controlling safety risks (system controls such as rules and procedures, training and experience, supervisory controls, etc) and managing safety risks locally (through the adaptive capabilities of operators within system controls). Therefore it is believed that the safety aim of an organisation should not be preventing all errors occurring but more towards using a systems approach to risk management of latent error conditions; especially where safety control mechanisms are exhausted through exceptional conditions (Amalberti 2013, Chatzimichailidou et al. 2015, Saward and Stanton 2017). This can include occasions where operators find rules and procedures are ineffective or unavailable for a task, equipment is poorly designed or not available or organisation-driven error promoting conditions such as fatigue, task pressure, workplace distractions, etc. 
Kontogiannis (2011) demonstrated that error detection could be used in the design of error tolerant systems, which contributes to the mitigation of system-induced error effects to help assure safety in the workplace. This view is similar to Hollnagel’s (2014) modelling of accident causation, which highlighted Safety II events where safety is managed effectively at the local level in complex sociotechnical environments despite a myriad of system influences on human performance. Here, it is essential the operator possesses error detection skills in a working environment that promotes the cues needed to detect and recover from system induced latent errors (Cornelissen et al. 2013). I-LED is a Safety II strategy aimed at supporting operator detection of their latent errors post-task completion. Thus current research is not focused on error prevention but the management of operator engagement with system cues to help support the timely detection of latent error conditions before they propagate and combine with other factors to become an accident (Reason 1990). For example, Amalberti (2013) noted that routine error rates can be high but the true safety performance of a safety critical organisation should be judged against the rate of detection and recovery since the risk of error comes from its consequences if not intervened early. He noted that, in addition to established safety rules and procedures, the safest hospitals are those with the overriding ability of its operators to detect their errors before an unwanted consequence occurs. It is argued that a safer aircraft maintenance environment is similarly one in which its operators possess effective I-LED skills. 
	Saward and Stanton (2017) found system cues such as time, location and other socio-technical factors, that are present within the workplace and other environments such as at home, trigger successful I-LED. Their findings were based on a research using schema theory, which describes information represented in memory about our knowledge of the world we interact with to carry out actions (Bartlett 1932). The associated schema-action-world cycle is characterised by the Perceptual Cycle Model (PCM), which describes the transactional relationship between the operator and system cues in the external world (sociotechnical environment) that trigger intended actions (Neisser 1976, Norman 1981, Mandler 1985, Stanton et al. 2009a, Plant and Stanton 2013). The execution of an action requires the bottom-up processing of information from system cues in the world against top-down prior knowledge from memory (schema) to enact the action successfully (Neisser 1976, Cohen et al. 1986, Plant and Stanton 2013). It is important to note this function since I-LED relies upon system cues to trigger a review of past schema-action-world cycles to determine the success of previous actions (Saward and Stanton, 2017). Specifically, visual or auditory cues are effective cues to trigger I-LED where written word cues and physical objects have generally been found to be more likely to trigger recall than picture cues  (Kvavilashvili and Mandler, 2004; Mazzoni et al. 2014). Saward and Stanton (2017) argued ergonomically designed I-LED interventions that make use of physical objects and written word cues as well as a ‘Stop, Look and Listen’ (SLL) approach are most likely to be effective at detecting latent errors. For the SLL approach, the ‘Stop’ refers to pausing on-going activity to facilitate a review by the PCM, ‘Look’ refers to sensing physical cues, written words or the internal visualisation of past tasks and ‘Listen’ refers to phonological cues from internally ‘voicing’ activity associated with past tasks or simply listening to sounds in the external environment.
Amalberti and Wioland (1997) showed errors suffered by skilled operators can be frequent whilst experience improved an operator’s ability to detect more of their own errors due to an enhanced ‘capacity’ to detect important cues present in the external environment (Blavier et al. 2005, Wilkinson et al. 2011). The current study observes a new cohort of naval air engineers in the workplace that are grouped by experience: junior ‘operatives’ and more experienced ‘supervisors’. Thus it was hypothesised that the supervisors in this study would commit more errors than the operatives yet detect more of their own errors. Further, any I-LED intervention would improve the self-detection of latent errors due to the deliberate schema-action-world review of past actions. Word cues were thought more likely to trigger recall than pictures for supervisors (Kvavilashvili and Mandler, 2004; Mazzoni et al. 2014) as they spend more of their time managing maintenance documentation than operatives. Finally, the SLL intervention was hypothesised to be the most effective I-LED intervention for both operatives and supervisors since the technique is arguably the only intervention to be observed that promotes the review of past actions using internal cues in memory and physical objects in the sociotechnical environment; thereby offering the potential to maximise the PCM’s I-LED capability. Saward and Stanton (2017) argued that the PCM also exhibits an autonomous schema ‘housekeeping’ function where the routine monitoring of the schema-action-world cycle already provides a level of error checking and is also used to collect feedback from completed actions to facilitate learning and the acquiring of experience. This housekeeping function is thought to explain why I-LED events were reported by previous cohorts of naval air engineers who experienced recall within a time window of two hours of the error occurring, and thus it was anticipated the control groups described in the method would also experience error detection events post task completion but without an intervention applied.


2.	Method

2.1	Participants
The Royal Navy Air Engineering and Survival Equipment School (RNAESS) was selected for the current study as it provided an accessible, safe and controlled environment in which to observe I-LED events. Here two training squadrons exist, which emulate operating squadrons using aircraft and standard maintenance procedures, and is therefore representative of the real-world environment. One squadron provides maintenance courses to operatives and the other to supervisors. An operative is junior in rank and authorised to conduct simple aircraft maintenance tasks such as aircraft flight servicing and other supervised tasks. A supervisor is more senior in rank and authorised to carryout more complex maintenance tasks such as in-depth aircraft fault diagnosis, coordinating aircraft documentation and leading maintenance teams. Participants comprised 120 naval air engineers attending maintenance courses during the period May 2016 to February 2017. The sample included males (n=108) and females (n=12) in two groups of 60 (supervisors and operators). The low count of females is consistent with the population. Combined (supervisors and operators) mean age=24.92 (sd=4.1, se=0.37, range=17-38). Supervisor group mean age=27.43 (sd=3.02, se=0.41, range=23-38) and the operator group mean age=22.42 (sd=3.47, se=0.45, range=17-30). 
Ethics approval was received from University of Southampton (Ethics No. 19329) with consent forms and a participant information sheet produced in accordance with Ministry of Defence research ethics guidelines.

2.2	Design
The study was piloted using representative courses of 12 operatives and 12 supervisors, which did not form part of the main study. No significant issues were highlighted and the pilot confirmed the RNAESS was a suitable environment in which to observe I-LED events.
Instructor availability to conduct observations and the additional constraint that each intervention had to be simple and quick to complete, to avoid impacting on-going training, resulted in a maximum of four interventions and a control condition that could be tested in the current study. Based on Saward and Stanton’s (2017) findings for effective I-LED triggers, the four interventions were designed using picture cues, word cues and the SLL approach with the dependent or outcome variable for this study being an I-LED event. 
RNAESS instructors were consulted and a review of literature carried out to identify system cues most associated with typical maintenance errors (Hobbs and Williamson 2002, Latorella and Prabhu 2000, Liang et al. 2010, Rashid et al. 2010, Reason and Hobbs 2003, Saward and Stanton 2015, Wiegmann and Shappell 2001). Twenty cues were identified as a manageable number to include in a simple booklet of flashcards. Where necessary, cues were contextualised for the naval aircraft maintenance environment and tailored to reflect differences between operative and supervisor roles as shown in Table 1. Each cue was represented as a word or picture, as well as a combination of both the word and picture for a particular cue. The word, picture or combined cues were compiled separately as flashcards in A5 booklets. Each booklet comprised 20 flashcards containing one of the 20 word cues on each page in bold black print (Arial text, 72 point) or picture (non-complex colour image on a plain background, 6”x4”) or combination of the word and cue. Figure 1 provides four pictures of typical cues used in the booklets, which were common to operatives and supervisors (torch, pen, socket and aircraft documentation). Eight separately numbered booklets were produced for each of the three intervention techniques (SLL did not need a booklet). Each booklet contained exactly the same words or pictures but the order cues appeared was randomised within each booklet to remove ordering effects and to help reduce participants learning the sequence of words and therefore becoming de-sensitised.
Representative practical tasks were selected through further consultation with the RNAESS instructors, which encompassed the following general aircraft maintenance categories: aircraft documentation/paperwork; logistics tasks; aircraft servicing; and aviation support tasks. Specific tasks were identified to reduce variance and they were also tasks that the participants would carry out regularly during their course. This allowed the interventions to be tested on well-practiced tasks that were observed at the end of each course during consolidation periods, which arguably limited any significant effects due to early stages of learning (Fitts and Posner 1967). For each practical task shown in Table 1 (five for operatives and five different tasks for supervisors to allow for differences in their employment), the instructors carried out basic error analysis with the researchers to identify the potential number of erroneous acts for each task.  
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Figure 1.  Pictures of typical cues used in booklets.


Table 1. System cues and practical tasks for operatives and supervisors.

	System Cues 
(Explanation given in brackets where applicable)
	Practical Tasks
(Typical, well-practiced maintenance tasks)

	Operative
	Supervisor
	Operative
	Supervisor

	Toolbox
	Toolbox
	1. Aircraft flight servicing
	1. Specifying independent checks

	Padlock
	MAP (Military Publication)
	2. Air system charge
	2. Component removal

	Keys
	Keys
	3. Oil replenishment
	3. Hangar brief & checks

	Screw bag
	PPE (Personal protection equipment such as goggles, mask, gloves, etc)
	4. Component Torqueing
	4. Coordinate aircraft paperwork in GOLDEsp 

	Dipstick
	Questions (part of supervisor process)
	5. Aircraft jacking
	5. Component receipt & despatch checks

	Panel
	Panel
	
	

	Filler cap
	Maintenance checks
	
	

	Circuit breaker
	Circuit breaker
	
	

	MF731 label (paper tag showing component serviceability)
	MF731 label
	
	

	Torque wrench
	Torque wrench
	
	

	Aircraft 700C (aircraft maintenance paperwork)
	Aircraft 700C
	
	

	Tool tally
	FOD (Foreign object debris)
	
	

	Socket
	Socket
	
	

	Cowling
	Cowling
	
	

	Tyre
	Hangar checks (safety procedures)
	
	

	Aircraft
	Aircraft
	
	

	Pen
	Pen
	
	

	GOLDEsp (e-database for paperwork)
	GOLDEsp
	
	

	Torch
	Torch
	
	

	Lubricant
	Lubricant
	
	





2.3	Observations
Within the period of the study, five operative courses and five supervisor courses were available, during which five practical tasks per participant per course only could be observed due to available resources and to avoid disturbing on-going training. RNAESS instructors were trained by the researchers to conduct the observations, as it was not possible for the researchers to be present every day over the period of the study. Each group was allocated 12 participants to one of the five intervention categories.  Each course was loaded with more than 12 engineers thus there was sufficient redundancy to ensure the required observations could be achieved. The first course for each group acted as a control where instructors observed participants without a deliberate intervention applied. The four interventions were then introduced separately in the subsequent courses. This approach simplified data collection and helped removed biasing due to potential cross contamination between interventions. For each intervention, including the control, participants were observed over five tasks thus a total of 600 observations were recorded. 

2.4	Procedure
Participants received a brief on the study at the start of their course, which was prepared by the researchers to ensure consistency and accuracy of instructions. Each participant was issued a participant number and completed a register that recorded their course number, gender and age. The instructors observed the tasks during consolidation periods at the end of their course. This procedure was adopted to help ensure the participant had sufficiently practiced the task to become a learnt skill. The instructor discretely observed the participant carrying out the task then issued the intervention technique to the participant post-task completion. This was timed so that the technique was not issued immediately after completing the task but within the two hours I-LED window. The instructor selected a booklet at random and gave it to the participant who was asked to work through all 20 words and/or picture flash cards whilst alone. If asked to try the SLL intervention, the participant was given a brief on the intervention before trying the technique. After the intervention, the participant returned to the instructor who recorded their feedback using the questions shown in Table 2. 

Table 2. Observer questions.


	Observer Questions

	Q1. Number of participant errors observed by instructor?

	Q2. Number of latent errors detected by the participant using the intervention?

	Q3. On checking their work, was the latent error real or a false alarm?

	Q4. Was the participant alone when using the intervention? 	

	Q5. Did the participant perceive the intervention to be effective (yes/no)? 









2.5	Data Analysis
Detection sensitivity theory can be used to highlight differences in hit rates and false alarms (Stanton and Young 1999, Fawcett 2006, Stanton et al. 2009b). For I-LED research this is the difference between recall events leading to true latent errors being detected compared to false alarms or no recall at all, which allows the strength of effectiveness of each I-LED intervention to be determined. A 2x2 contingency table can be constructed to determine the signal sensitivity or effect of each I-LED intervention as shown in Table 3.

Table 3. 2x2 contingency table for I-LED signal detection calculations

	
	
	Latent Error

	
	
	Yes
	No

	Recall
	Yes
	TP (Hit)
	FP (False Alarm)

	
	No
	FN (Miss)
	TN (Correct Rejection)



TP – Number of true positives observed (hit: where recall resulted in a true error detection)
TN – number of true negatives observed (correct rejection: where no error was committed or recalled)
FP – number of false positives (false alarm: where no error was committed but recall caused participant to check their work)
FN – number of false negatives (miss: where an error was committed but not detected)

Matthew’s coefficient (phi) coefficient (Matthew 1975) can be calculated from the binary values recorded in the contingency table using following equation for Phi (Φ).



A coefficient of +1 represents perfect positive correlation whereby the I-LED intervention led to all latent errors being detected. A coefficient of 0 represents no correlation, whereas a coefficient of -1 indicates a perfect negative correlation.

3.0	Results

Table 4 shows operatives experienced 144 errors, detected 45.8%) (n=66) and missed 54.2% (n=78) whilst supervisors experienced 270 errors, detected (hits) 23.9% (n=65) and missed 75.6%  (n=205). These findings are represented in Figures 2 & 3 across each intervention for operatives and supervisors. The detection sensitivity Phi (Φ) for each intervention is also recorded in Table 4 and represented in Figure 4. 
Figure 2 shows the operatives in the control group experienced some I-LED events, achieving 33% (n=11) hits out of the total observed errors for this group without an intervention applied. Table 4 records a negligible Phi value (Φ=0.04) for the control group as these engineers experienced a similar number of false alarms (n=10). The operatives that tried the SLL intervention achieved the most significant I-LED performance of all the operatives observed in the study with 73% (n=16) hits, which aligns with the strong Phi (Φ= 0.55) for this group. Interventions using words, pictures and the combination of pictures and words all achieved improved I-LED performance compared to the control group, achieving: 45% (n=10) hits for words; 44% (n=17) for pictures; and 43% (n=12) for combined (associated Phi values shown in Table 4). Figure 3 shows the supervisors also experienced some I-LED events in the control group, achieving 6% (n=6) hits out of the total observed errors for this group without an intervention applied. This result aligns with the very weak Phi (Φ=0.15) recorded in Table 4, which is higher than the value recorded for operatives since the supervisors in the control group experienced no false alarms. The SLL intervention also achieved the most significant I-LED performance of all the supervisors observed in the study with 70% (n=21) hits, which aligns with the very strong Phi (Φ= 0.78) recorded in Table 4 for this group. The value for Phi is higher than for operatives who achieved more hits (73%), as the supervisors did not experience any false alarms when using the SLL intervention. Supervisors achieved improved I-LED performance when using the words and combined interventions, achieving 33% (n=34) hits for words and 12% (n=6) for combined. The Phi value for the combined intervention was very weak (Φ= 0.14) whilst the words intervention produced a negligible negative correlation (Φ= -0.07) as shown in Table 4. Supervisors achieved 3% (n=1) hits for pictures. This is less than the 6% hits experienced by the control group, which also recorded a higher value for Phi (Φ=0.15) than the supervisors using the picture technique (Φ=0.01) as shown in Table 4 and Figure 4. The results shown Figure 4 indicate the operatives experienced improved detection sensitivity compared to supervisors using the I-LED interventions for words, pictures and combined. These interventions had little effect on I-LED performance for supervisors compared to the control group whilst the results for the operatives show these engineers all experienced improved detection sensitivity compared to their control group. The results in Figure 4 also show the superiors experienced a greater detection sensitivity using the SLL intervention than for operatives, with a strong Phi value (Φ=0.55) for operatives and a very strong value for supervisors (Φ=0.78).



Table 4. Observations for operatives and supervisors.

	Group
	Sensitivity Factors
	Intervention
	Totals

	
	
	Control
	SLL
	Words
	Pictures
	Combined
	

	Operatives
	Observed Errors
	33
	22
	22
	39
	28
	144

	
	Hits (TP)
	11
	16
	10
	17
	12
	66

	
	False Alarms (FP)
	10
	8
	4
	4
	2
	28

	
	Miss (FN)
	22
	6
	12
	22
	16
	78

	
	Correct Rejection (TN)
	24
	34
	37
	27
	34
	156

	
	Phi (Φ)
	0.04
	0.55
	0.41
	0.33
	0.45
	0.36

	Supervisors
	Observed Errors
	53
	29
	103
	33
	52
	270

	
	Hits (TP)
	3
	21
	34
	1
	6
	65

	
	False Alarms (FP)
	0
	0
	8
	1
	1
	10

	
	Miss (FN)
	50
	8
	69
	32
	46
	205

	
	Correct Rejection (TN)
	36
	39
	11
	38
	29
	153

	
	Phi (Φ)
	0.15
	0.78
	-0.07
	0.01
	0.14
	0.25





Figure 2. Percentage misses and hits for operatives.



Figure 3. Percentage misses and hits for supervisors.


Figure 4. Phi (Φ) for each intervention. 


4.0	Discussion

4.1	I-LED intervention performance
Errors committed by skilled operators can be high yet they also possess the ability to detect more of their own errors due to an enhanced ability to detect important cues present in the external environment (Amalberti and Wioland 1997, Blavier et al. 2005, Wilkinson et al. 2011). This research has shown supervisors committed almost twice as many errors as operatives, which only partially supports this position as the operatives detected a higher percentage of their latent errors than supervisors (45.8% compared to 23.9%). Operatives and supervisors were equally expert for their tasks observed in this study, although the tasks for the supervisors were more complex than the simple maintenance tasks carried out by operatives. Saward and Stanton (2017) reported that I-LED is particularly effective for simple habitual tasks thus this may explain why operatives experienced an overall higher detection sensitivity than supervisors when using a I-LED intervention (Φ=0.36 for operatives compared to Φ=0.25 for supervisors).
The results showed the presence of I-LED without an intervention applied although the detection sensitivity was negligible for operatives and very weak for supervisors. This was expected as Saward and Stanton (2017) reported that latent errors could be detected within a two-hour time window if simply remaining immersed in the same environment to that which the error occurred. With an intervention applied, it was anticipated I-LED performance would see a significant improvement compared to the control due to the deliberate and targeted engagement with relevant system cues. Detection sensitivities for operatives showed a generally good improvement in I-LED performance across all interventions compared to their control group. The supervisors experienced negligible improvements in I-LED performance when using the words, pictures and combined interventions. Significantly, supervisor I-LED performance was worse than their control group, except for the SLL intervention.
The SLL intervention was effective for both groups of naval air engineers, which was expected as the intervention does not require significant focused attention, compared to working through flashcards, and it is the only intervention that supports engagement with potential internal cues and external visual and auditory cues in the surrounding environment to trigger recall. The SLL intervention was particularly effective for supervisors, which may support the earlier argument that skilled operators possess an enhanced ability to detect important cues, but perhaps only if ‘taking a moment’ to reflect on their surroundings and thoughts rather than focusing on a document such as flashcards. Arguably, the activity of reviewing the flashcards may have caused a distraction during the schema-action-world cycle due to this focused attention (Kvavilashvili and Mandler 2004, Rasmussen and Berntsen 2011). This finding receives some support from Amalberti (2013) who noted that operator performance could be assessed through an individual’s ability to detect and recover from error, which requires an element of self-reflection or metacognition, which is thought to further facilitate the schema-action-world cycle review of past tasks.
Operatives were also found to be generally responsive to directed engagement with cues found in the booklets, where the combination of pictures and cues was slightly more effective than pictures or words alone. Table 4 shows significantly more detections (hits) for supervisors using the word intervention. This should be expected as the sample of supervisors suffered approximately 4.5 times more errors than the sample of operatives who tried the word intervention. However, although the findings were not statistically significance, operatives experienced a greater detection sensitivity using word cues than supervisors (Φ=0.41 for operatives compared to Φ=-0.07 for supervisors). This is a surprising result, as the supervisor role requires more time spent working with aircraft maintenance documentation and processes than physically working on aircraft. The word cues were carefully chosen to be contextually relevant thus the fact this intervention produced a slight negative effect may suggest the continued immersion in a ‘word-rich’ environment desensitises the supervisor to word cues, rendering the intervention ineffective for supervisors. The picture flashcards led to substantial number of hits for operatives whilst pictures and combined flashcards produced a significant detection sensitivity result for operators compared to supervisors, who experienced similar numbers of errors. The word flashcards resulted in a good detection sensitivity for operatives though, which supports the view that written word cues are more likely to trigger recall than picture cues (Kvavilashvili and Mandler, 2004, Mazzoni et al. 2014, Saward and Stanton 2017). Finally, the detection sensitivity for individual tasks for supervisors and operatives was also calculated for each I-LED intervention, including the control samples. No significant results were found, which indicated a latent error associated with a particular task was no more likely to be detected than for any other task. 
Overall, the SLL intervention was found to be the most effective intervention for naval air engineers with supervisors experiencing the greatest benefit. The other three interventions were ineffective for supervisors, showing similar performance to the control group. Operatives experienced an enhanced I-LED performance across all interventions compared to the control group. The findings generally support the position that visual cues can be effective triggers, for which the SLL intervention is likely to be the most effective I-LED intervention tested in this study.

4.2	I-LED contribution to safety-related risk management
I-LED is argued to enhance safety-related risk management within safety critical contexts as the interventions help guide operators to locally engage with system cues to achieve the timely detection of latent error conditions. This gives rise to important Safety II events, which can also benefit Safety I controls as part of an overall risk management strategy (Morel et al. 2008, Leveson 2004, Hollnagel 2014). Safety is created through effective risk management both at the organisational and operator levels (Naderpour et al. 2014, Chatzimichailidou et al. 2015, Niskanen et al. 2016). Thus it is argued I-LED is a practicable safety strategy due to its contribution to Safety II events, which should be integrated within an organisation’s risk management system to enhance overall safety. This requires systemic changes to safety-related training and maintenance processes (Safety I) and the routine local application of I-LED interventions during normal operations (Safety II) to help mitigate for everyday workplace error effects such as those experienced by naval air engineers as described earlier. This is where the greatest benefit of the I-LED phenomenon is thought to exist, where routine habitual tasks can generate high error rates and where safety risks might be perceived as low by operators (Amalberti 2013, Saward and Stanton 2017). Arguably I-LED can also help counter other potential consequences of latent errors, which are not safety-related, such as overall system performance, social-economic gains and political and reputational value (Kleiner et al. 2015).

5.0	Conclusions

I-LED has been shown to offer further mitigation for erroneous acts occurring in safety critical organisations, such as the aircraft maintenance environment used in this study. I-LED interventions enhance the timely detection of latent error effects, thereby helping to avoid adverse consequences such as an accident. An effective intervention is context sensitive and maximises engagement with system cues. It is for this reason that the SLL intervention is likely to have been the most effective technique for both operatives and supervisors, as it immerses the engineers in their relevant sociotechnical environment. The SLL intervention is also a flexible technique that the operator can tailor independently during normal operations in the workplace. I-LED interventions should improve overall safety performance within an organisation, for which there are likely to be many more potential interventions than the four described in the current study. This may be especially true for habitual tasks carried out alone or for tasks perceived to be low risk where human performance variability could pass unchecked. It has been argued safety is created through effective risk management that matches human performance variability with systemic approaches, for which the I-LED phenomenon is thought to offer a significant contribution to Safety II approaches provided interventions are designed into Safety I controls through training enhancements and safety processes. This requires a system perspective, as the organisation needs to embed I-LED interventions within its overall safety system to ensure operators receive the training, are given time to conduct the intervention, and context dependent cues are available in the workplace.
	I-LED research offers a further step-change in safety thinking by helping to manage system induced human error effects by facilitating Safety II opportunities through the application of I-LED interventions post-task completion. Successful I-LED limits occasions for adverse outcomes to occur, despite the presence of existing control mechanisms, and thus should be of benefit to any safety critical organisation seeking to further enhance their safety management system.
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