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reduces the effect of some of these factors.  Specifically, we considered the following subset of factors, selected 
because we believe they may lead to useful interventions: 

- Automation Confusion / Awareness (column J), refers to the pilotÕs lack of understanding about the 
behavior of the autoflight or autothrottle system 

- Invalid Source Data (column F), refers to a loss of basic airplane sensed data (e.g. air data) 
- Distraction (column G), refers to situations in which the flight crew was distracted by some other task and 

failed to focus sufficiently on flying the airplane.   
- Inappropriate Control Actions (column L), refers to pilot actions that were counter to the actions that would 

have restored the airplane to safe and stable flight; e.g., the pilot rolled away from wings level. 
- Lack of External Visual Reference, (column A), refers to flight in IMC or night conditions where it is not 

possible to get orienting information from the outside world. 
- Crew Resource Management (CRM), (column I), refers to how well the flight crew works together to 

identify problems and take appropriate actions. In particular, there were events in which the pilot 
monitoring (PM) knew that the pilot flying (PF) was making inappropriate control inputs but failed to 
intervene. 

- Ineffective Alerting (column K), refers to alerts that either didnÕt not catch the attention of the flight crew, 
or did not activate in response to the hazard in a timely manner. 

 
 We identified a number of flight situations or contextual factors that could lead to loss of airplane state 
awareness, which, in turn, can lead to loss of control.  The goal for identifying and describing these situations is to 
consider 

- changes to the flight deck design that have potential for removing or mitigating these factors or situations 
- the aspects of the flight deck interface that should be evaluated, as it relates to the ways in which it supports 

flight crew performance. 
- considerations in developing evaluation scenarios 
- aspects of human performance that are relevant for assessing the flight deck interface 

 
 The details of our analysis can be found in the NASA Technical Memorandum entitled Ò Ò Factors that 
influenced Airplane State Awareness accidents and incidents,Ó  [2]. 
 As illustrated in Table 1, Ò DistractionÓ  (i.e. flight crew attention, awareness and understanding) and Ò Ineffective 
AlertingÓ , were identified as major contributors to ASA events. In our research we investigated the role of attention, 
awareness and understanding across multiple aspects of design and evaluation, and conducted a specific analysis on 
the role of alerting system failures in Loss of Control (LOC) accidents.  

III.  The role of alerting system failures in Loss of Control  (LOC)accidents 

 In this analysis, we examined how alerting for LOC-related hazards, such as low airspeed, unreliable airspeed, 
and approach to stall, can fail to lead to an upset recovery.  Alerting is the last line of defense against flight path 
management hazards; it is there to ensure awareness when pilot-driven attention and awareness fail.  This analysis 
looks at why alerting does not always save the day.  We broadened the idea of alerting to include all of the steps of 
what we are calling the integrated alerting-to-recovery sequence.  The primary objective of using this level of 
description is that the flight deck interface, operational procedures, and pilot training should be designed to support 
the pilot in moving from a hazardous condition to an effective recovery from the hazard.  When accidents or 
significant incidents occur, we should look at how well this integrated alerting-to-recovery sequence workedÑ did it 
fail, and, if  so, where?   
 We defined a set of steps in the sequence and then analyzed reports of safety events to identify if  a failure 
occurred along that sequence.  These results led us to try to understand why these specific failures occurred.  
Studying the performance of alerting systems in events in which they failed has helped identify the types of alerting-
system design changes (or other changes) that are needed. 
 Starting with an analysis of 57 recent safety events [3] we identified subset of 28 ASA type incidents and 
accidents to determine how well alerting functioned. We identified a failure point for each of the 28 events.  
Notably, 20 of 28 failed in the initial step of orienting to a failure, which speaks to the alerting mechanism itself.  
Clearly, there are still cases in which basic flight path management hazards are not alerted sufficiently to make the 
PF aware of the hazard.  Further analysis showed that these orienting failures are occurring even for recently 
manufactured airplanes; that is, it is not only a problem for airplanes that were manufactured 30 years ago.  The 


